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Chapter 1
Introduction

This data sheet provides information on a sydtaincludes the MFR4300 FlexRay Communication
Controller Module.

1.1 Audience

This data sheet is intended for apation and system hardware dedgdrs who wish tdevelop products
for the FlexRay MFR4300. It is assumed that tlzalee understands FlexRay protocol functionality and
microcontroller system design.

1.2  Additional Reading

For additional reading that provides background to, or supplemeaisfdinmation in this manual:
* For more information about the FlexiRagtocol, refer to the following document:
— FlexRay Communications SystBrotocol Specification V2.1
— FlexRay Communications System Electrical Physical Layer Specification V2.1

* For more information abdyBHCS12 Family devices and MES12 programming, refer to the
Freescale Products sectiomatw.freescale.com
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1.3 Terminology

Table 1-1. Acronyms and Abbreviations

Term Meaning

AMI Asynchronous Memory Interface

BCU Buffer Control Unit

CC Communication Controller

CbC Clock Domain Crosser

CHI Controller Host Interface

ID Identification

EBI External Bus Interface

FRM FlexRay Memory

FSS Frame Start Sequence

HIF Host Interface

LUT Look Up Table

MBIDX Message Buffer Index

MBNum Message Buffer Number

MCU Microcontroller Unit

uT Microtick

MT Macrotick

MTS Media Access Test Symbol

NIT Network Idle Time

PE Protocol Engine

PHY Physical Layer Interface

PL Physical Layer

POC Protocol Operation Control

SEQ Sequencer Engine

Rx Reception

TCU Time Control Unit

Tx Transmission
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Table 1-2. Notational Conventions

active-high Names of signals that are active-high are shown in upper case text, without a ‘# symbol at the end.
Active-high signals are asserted (active) when they are high and deasserted when they are low.

active-low A ‘# symbol at the end of a signal name indicates that the signal is active-low.
An active-low signal is asserted (active) when it is at the logic low level and is deasserted when it is at the
logic high level.

asserted A signal that is asserted is in its active logic state. An active-low signal changes from high to low when
asserted; an active-high signal changes from low to high when asserted.

deasserted A signal that is deasserted is in its inactive logic state. An active-low signal changes from low to high when
deasserted; an active-high signal changes from high to low when deasserted.

set To set a bit means to establish logic level one on the bit.

clear To clear a bit means to establish logic level zero on the bit.

OxOF The prefix ‘0x’ denotes a hexadecimal number.

0b0011 The prefix ‘Ob’ denotes a binary number.

X In certain contexts, such as a signal encoding, this indicates ‘don’t care’. For example, if a field is binary
encoded 0bx001, the state of the first bit is ‘don’t care’.

== Used in equations, this symbol signifies comparison.

1.4  Part Number Coding

P FR 4300 M AE 40

Speed Option 40 = 40 MHz

L Package Option AE = 64-pin Lead Free / Halide Free LQFP

Temperature Option M = -40°C to +125°C

p Device Title
p Controller Family
p Qualification P = Engineering Sample

M = Qualified part

Figure 1-1. Order Part Number Coding
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Chapter 2
Device Overview

2.1 Introduction

The MFR4300 FlexRay Communication Controller impégrs the FlexRay protocol according to the
FlexRay Communications Systémotocol Specification V2.1

The controller host interface (CH¥f the MFR4300 FlexRay Communigat Controller is implemented
in accordance withapter 3, “FlexRay Module (FLEXRAYV?2)5f this data sheet.

2.2 Features

The MFR4300 FlexRay controllgrovides the following features:

» Single channel support

— Internal channel A and FlexRay i®@ can be configured to bmnnected either to physical
FlexRay channel A or physical FlexRay channel B

128 configurable message buffers with
— Individual frame ID filtering
— Individual channel ID filtering
— Individual cycle counter filtering

Message buffer header, status andpdydata are stored in FlexRay memory
— Consistent data access ensurgdaneans of buffer locking scheme
— Host can lock multiple buffers at the same time

Size of message buffer data seatanfigurable from O up to 254 bytes

Two independent message buffer segmentuaitfigurable size of payload data section

— Each segment can contain message buffers a&sbktgrihe static segment and message buffers
assigned to the dynamic segment at the same time

Zero padding for transmit message buffers in static segment
— Applied when the frame payload length exceeds the size of the message buffer data section
Transmit message buffers confiple with state/event semantics
Message buffers can be configured as
— Receive message buffers
— Single buffered transmit message buffer
— Double buffered transmit message buffemibines two single buffered message buffer)
Individual message bufferconfiguration supported
— Means provided to safelys#ible individual message buffers
— Disabled message buffers can be reconfigured
Two independent receive FIFOs
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— One receive FIFO per channel
— Up to 256 entries for each FIFO
— Global frame ID filtering, based on both value/mask filters and range filters
— Global channel ID filtering
— Global message ID filterg for the dynamic segment
Four configurablkgot error counters
Four dedicated slot status indicators
— Used to observe slots withousing receive message buffers
Provides measured value aadors for clock synchronization

— PE internal synchronization framD and measurement tables ¢e copied into the FlexRay
memory

* Fractional macroticks aepported for clock correction

* Maskable interrupt sources provided tghoumdividual and combined interrupt lines
*  One absolute timer

* One timer that can be configured to absolute or relative

Features specific to the NRE300 include the following:
 Two hardware selectable host interfaces:

— HCS12 Interface for direct connection to Fredss HCS12 family of microcontrollers, with
interface clock signal to synchronize the daaagfer (the maximum frequency of this clock
signal can be calculated from the [HCpulse width low and high times,d¢c and fyzc given
in Table A-14)

— Asynchronous Memory Interface (AMI) foryagchronous connection to microcontrollers —
minimum read access time of 53(@sth CHICLK_CC running at 80 MHz)

— 8K bytes addressable fbyte or word accesses
Internal quartz oscillator of 40 MHz

CHI and AMI clock selectable between 40 Midzillator clock used for PE and 20 MHz to
80 MHz separate CHI/AMI-only clock

* Internal voltage regulator foetHigital logic and the oscillator

» Hardware selectable clock output to driereral host devices: shbled, 4, 10, or 40 MHz
» Maskable interrupt sources ava#aover one interrupt output line

» Electrical physical layer interface compatible withachdd FlexRay physical layer

*  Four multiplexed debug strobe pins

2.2.1 MFR4300 Implementation Parameters and Constraints

2.2.1.1 Implementation Parameters

e The duration of a microtick (uT)ase CLK_CC period (25 ns at 40 MHz).
* A microtick starts witthe rising edge of CLK_CC.
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2.2.1.2 Implementation Constraints

* The external clock frequency for EXTAL/CLK_CC is 40 MHz.
*  The minimum external clock frequency for CHICLK_CC (when selected) is 20 MHz.
*  The maximum external clockeduency for CHICLK_CC is 80 MHz
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2.3 Block Diagram

<€&—— VDDR
VDD2_5 = Volt R lat l€¢—— VSSR
VSS2. 5 < oltage Regulator , VDDA
l@—— VSSA
XTAL — ] Clock and Reset |-—— CHICLK CC
EXTAL/CLK_CC — ] Oscillat Gen. Module |« RESET#
scillator
VDDOSC == External 1 CLKOUT/TMO
VSSOSC = Clock Interface
A1/XADDR19 —P» @« DO/PA7

A2/XADDR18 L

<« Di/PAG
A3/XADDR17 — ] <« D2/PAS5
A4/XADDR16 — ] HCS12 <« D3/PA4
A5/XADDR15 — ] AMI Interface <> D4/PA3
A6/XADDR14 —p» <€ D5/PA2
A7 —p q—p DG6G/PA1

A8 — @« D7/PAO

A9 — @« D8/PB7
OE#/ACSO — ] <« DO/PB6
A11/ACS1 —B> <« D10/PB5
A12/ACS2 —B> <« D11/PB4

WE#/RW_CC# —p»]
CE#/LSTRB —p»] <« D13/PB2
A10/ECLK_CC ——» @« D14/PB1
INT_CC# = External > D15/PBO
BSELO#/DBG1 Bus Interface
BSEL1#/DBG0 <P

¢ D12/PB3

RXD_BG1 —®» Receiver A Receiver B ¢—— RXD_BG2
TXD_BG2/IF_SELO
TXD_BG1/IF_SEL1 <-a—p| . . < _ _
TXEN1# Transmitter A Transmitter B B TXEN2#
¢—p DBG3/CLK_S1
Teu Debug @«—» DBG2/CLK SO
FlexRay Module
TEST — ¢—— VDDX[1:4]

—— VSSX[1:4]

Figure 2-1. MFR4300 Functional Block Diagram
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2.3.1 Memory Map

Table 2-1shows the MFR4300 device memory map.
Table 2-1. MFR4300 Device Memory Map After Reset

address (Hex) Module Registers (bsyi tz:s)
0x0000-0x000E | FlexRay' |Configuration and Control Registers 16
0x0010-0x0012 FlexRay |Reserved 4
0x0014-0x0026 FlexRay | Interrupt and Error Handling Registers 20
0x0028-0x003E FlexRay |Protocol Status Registers 24
0x0040-0x0044 FlexRay |Sync Frame Counter and Table Registers 6
0x0046—-0x004A FlexRay |Sync Frame Filter Registers 6
0x004C—-0x0058 FlexRay |Network Management Vector Registers 14
0x005A—-0x0062 FlexRay | Timer Configuration Registers 10
0x0064—-0x0066 FlexRay | Slot Status Configuration Registers 4
0x0068-0x007E FlexRay | Slot Status and Slot Status Counter Registers 24
0x0080-0x0082 FlexRay |MTS Generation Registers 4
0x0084 FlexRay |Shadow Buffer Configuration Register 2
0x0086—-0x008A FlexRay |Receive FIFO — Configuration 6
0x008C—-0x008E FlexRay |Receive FIFO — Status 4
0x0090-0x009A FlexRay |Receive FIFO — Filter 12
0x009C, 0x009E FlexRay |Dynamic Segment Status Registers 4
0xO0A0-Ox00DE | FlexRay |Protocol Configuration Registers 64
0xO0E0-0x00E2 CRG? Clock and Reset Generation Registers 4
0x00E4—-0x00EE FlexRay |Reserved 12
0x00F0—-0x00FE PIM3 Part ID, ASIC Version Number, and Interface Pin Drive Strength and 16
Pullup/pulldown Control and Enable Registers
0x0100-0x01FE FlexRay |Message Buffers Configuration, Control, Status (Message Buffer 0-31) 256
0x0200-0x02FE FlexRay | Message Buffers Configuration, Control, Status (Message Buffer 32—63) 256
0x0300—-0x03FE FlexRay | Message Buffers Configuration, Control, Status (Message Buffer 64—95) 256
0x0400-0x04FE FlexRay |Message Buffers Configuration, Control, Status (Message Buffer 96—127) 256
0x0500-0x07FE FlexRay |Reserved 768
0x0800-0x1FFE FlexRay |Message Buffers and FIFO Frame Header/Offset/Status/Data 6144

' For detailed information on the MFR4300 FlexRay module registers, see Chapter 3, “FlexRay Module (FLEXRAYV2)”.
2 For detailed information on the MFR4300 CRG module registers, see Chapter 6, “Clocks and Reset Generator (CRG)”".
3 For detailed information on the MFR4300 PIM module registers, see Chapter 4, “Port Integration Module (PIM)”.
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2.3.2 Part ID and Module Version Number Assignments

Three 16-bit read-only registgusovide information about the device and the MFR4300 FlexRay module
(seeTable 2-3.

Table 2-2. Part ID and Module Version Numbers

Part ID
Device Mask Set Number
PIDR AVNR MVR
MFR4300 0M92D 4300 0000 3535

The PIDR (se&ection 4.3.1.1, “Part ID Register (PIDRprovides the part ID number in binary coded
decimal (in this case, ‘4300’

The AVNR (see&Section 4.3.1.2, “ASIC VersioNumber Register (AVNR) provides the asic version
number in binary coded decimal (in this case, ‘0000’).

The MVR (seeSection 3.3.2.3, “Module Version Register (MVR)rovides the FlexRay module version
number in binary coded decimal (in this case, ‘3535its 15 to 8 of the MVR comprise the controller
host interface (CHI) version numbéits 7 to O comprise the pamol engine (PE) version number.

These read-only values provide a unidfddor each revisin of the device.

2.4  Signal Descriptions

24.1 System Pinout

The MFR4300 is available in a 64-pin low profile ddkat package (LQFP). Most pins perform two
functions, as described 8ection 2.4.2, “Pin Functiorend Signal PropertiésFigure 2-2shows the pin
assignments.

NOTE

For a recommended printedcuit board layout, se&ppendix C, “Printed
Circuit Board Layout Recommendatidns
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Z_loor\U)Dcomva(D‘—ND(D
Z20003>00008>53%xa5s>3
<t MO A 0O 0 0O N O U ST OAN«— OO
TEST|:16‘° © © © 00l 0 B e e YN e[ BSEL1#/DBGO
D9/PB6 2 47 BSELO#/DBGH1
D10/PB5 3 46 DBG3/CLK_S1
D11/PB4 4 45 TXD_BG2/IF_SELO
D12/PB3 5 44 TXEN2#
D13/PB2 6 43 RXD_BG2
D14/PB1 7 42 DBG2/CLK_SO
VDDX1 8 41 TXD_BG1/IF_SELA1
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Figure 2-2. MFR4300 Pin Assignment
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2.4.2 Pin Functions and Signal Properties
Table 2-3. Pin Functions and Signal Properties
; 1
P;n Pin Name Povl\;tlred /0 Ty:ieg, 3 | Reset Functional Description
Function 1 | Function 2
Host Interface Pins
11 | A1 XADDR19 VDDX | PC - AMI address bus / HCS12 expanded address lines.
A1-LSB of the AMI address bus, XADDR14-LSB of the
HCS12 expanded address lines
12 |A2 XADDR18 VDDX | PC - AMI address bus / HCS12 expanded address lines.
13 |A3 XADDR17 VDDX | PC - AMI address bus / HCS12 expanded address lines.
14 | A4 XADDR16 VDDX | PC - AMI address bus / HCS12 expanded address lines.
15 |A5 XADDR15 VDDX | PC - AMI address bus / HCS12 expanded address lines.
17 | A6 XADDR14 VDDX | PC - AMI address bus / HCS12 expanded address lines.
18 |A7 - VDDX I PC - AMI address bus
21 |A8 - VDDX I PC - AMI address bus
22 |A9 - VDDX I PC - AMI address bus
27 | OE# ACSO VDDX | PC - AMI read output enable signal / HCS12 address select
input
28 | A1 ACS1 VDDX I PC - AMI address bus / HCS12 address select inputs
34 |A12 ACS2 VDDX I PC - AMI address bus / HCS12 address select inputs
48 |BSEL1# DBGO vDDX | 1/O PC - AMI byte select / Debug strobe point
47 | BSELO# DBG1 vDDX | 1/O PC - AMI byte select / Debug strobe point
10 |D15 PBO VDDX | I/O | Z/DC/PC Z | AMI data bus / HCS12 multiplexed address/data bus.
D15 is the MSB of the AMI data bus, PBO is the LSB of
the HCS12 address/data bus
7 |D14 PB1 VDDX | I/O | Z/DC/PC Z | AMI data bus / HCS12 multiplexed address/data bus
6 |D13 PB2 VDDX | I/O | Z/DC/PC Z | AMI data bus / HCS12 multiplexed address/data bus
5 |D12 PB3 VDDX | I/O | Z/DC/PC Z | AMI data bus / HCS12 multiplexed address/data bus
4 | D11 PB4 VDDX | I/O | Z/DC/PC Z | AMI data bus / HCS12 multiplexed address/data bus
3 |D10 PB5 VDDX | I/O | Z/DC/PC Z | AMI data bus / HCS12 multiplexed address/data bus.
2 |D9 PB6 VDDX | I/O | Z/DC/PC Z | AMI data bus / HCS12 multiplexed address/data bus
62 |D8 PB7 VDDX | I/O | Z/DC/PC Z | AMI data bus / HCS12 multiplexed address/data bus
61 |D7 PAO VDDX | I/O | Z/DC/PC Z | AMI data bus / HCS12 multiplexed address/data bus
58 | D6 PA1 VDDX | I/O | Z/DC/PC Z | AMI data bus / HCS12 multiplexed address/data bus
57 |D5 PA2 VDDX | I/O | Z/DC/PC Z | AMI data bus / HCS12 multiplexed address/data bus
56 |D4 PA3 VDDX | I/O | Z/DC/PC Z | AMI data bus / HCS12 multiplexed address/data bus
MFR4300 Data Sheet, Rev. 3
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Table 2-3. Pin Functions and Signal Properties (Continued)

Pin Pin Name' Powered Pin . -
4 : : by /0 Type? 3 Reset Functional Description
Function 1 | Function 2
55 |D3 PA4 VDDX | I/O | Z/DC/PC Z | AMI data bus / HCS12 multiplexed address/data bus
51 |D2 PA5 VDDX | I/O | Z/DC/PC Z | AMI data bus / HCS12 multiplexed address/data bus
40 | D1 PA6 VDDX | I/O | Z/DC/PC Z | AMI data bus / HCS12 multiplexed address/data bus
39 |DO PA7 VDDX | I/O | Z/DC/PC Z | AMI data bus / HCS12 multiplexed address/data bus.
DO is the LSB of the AMI data bus, PA7 is the MSB of
the HCS12 address/data bus
29 |CE# LSTRB VDDX | PC - AMI chip select signal / HCS12 low-byte strobe signal
30 | WE# RW_CC# VDDX | PC - AMI write enable signal/ HCS12 read/write select signal
52 |A10 ECLK_CC VDDX I PC - AMI address bus/ HCS12 clock input
Physical Layer Interface
33 | RXD_BGt1 - VDDX | PC - PHY Data receiver input
43 |RXD_BG2 - VDDX | PC - PHY Data receiver input
36 | TXEN1# - VDDX o] DC 1 Transmit enable for PHY
44 | TXEN2# - VDDX o] DC 1 Transmit enable for PHY
45 | TXD_BG2 IF_SELO vVDDX | I/O| DC/PD - PHY Data transmitter output / Host interface select
41 | TXD_BG1 IF_SEL1 vVDDX | I/O| DC/PD - PHY Data transmitter output / Host interface select
Clock Signals
32 |CHICLK_CC |- VDDX | - - External CHI clock input — selectable
63 | CLKOUT - VvDDX | I/O DC - Controller clock output — selectable as disabled/4/10/40
MHz
Others
16 | RESET# - VDDX | - - External hardware reset input
64 |INT_CC# - VDDX O | OD/DC 0 |Controller interrupt output
1 |TEST - VDDX | PD - Factory Test mode select — must be tied to logic low in
application
42 |DBG2 CLK_SO vDDX |1/O | DC/PD - Debug strobe point / Output clock select
46 |DBG3 CLK_S1 vDDX |1/O | DC/PD - Debug strobe point / Output clock select
Oscillator
24 | EXTAL CLK_CC VDDOSC| | - - Crystal driver / External clock
25 | XTAL - - | - - Crystal driver
Supply/Bypass Filter pins
8 |VDDX1 - - - - - Supply voltage, 1/0
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Table 2-3. Pin Functions and Signal Properties (Continued)

Pin Pin Name' Powered Pin . e

4 : : by /0 Type? 3 Reset Functional Description

Function 1 | Function 2

37 | VDDX2 - - - - - Supply voltage, I1/0

54 | VDDXS3 - - - - - Supply voltage, I1/0

35 | VDDX4 - - - - - Supply voltage, I1/0

9 |VSSX1 - - - - - Supply voltage ground, I/O

38 | VSSX2 - - - - - Supply voltage ground, /O

53 | VSSX3 - - - - - Supply voltage ground, /O

31 | VSSX4 - - - - - Supply voltage ground, /O

20 | VDDR - - - - - Supply voltage, supply to pin drivers and internal

Voltage Regulator
19 | VSSR - - - - - Supply voltage ground, ground to pin drivers and
internal Voltage Regulator

50 |VDDA - - - - - Supply analog voltage

49 |VSSA - - - - - Supply analog voltage ground

59 |vDD2_5* - - - - - Core voltage power supply output (nominally 2.5V)
60 |VSS2_5* - - - - - Core voltage ground output

26 |VDDOSC* |- - - - - Oscillator voltage power supply output (nominally 2.5V)
23 |vssosct - - - - - Oscillator voltage ground output

T # — signal is active-low
2 Acronyms:
PC — (Pullup/pulldown Controlled) Register controlled internal weak pullup/pulldown for a pin in the input mode. Refer to the
following sections for more information:

— Section 4.3.1.5, “Host Interface Pins Pullup/pulldown Enable Register (HIPPER)”

— Section 4.3.1.6, “Host Interface Pins Pullup/pulldown Control Register (HIPPCR)”

— Section 4.3.1.7, “Physical Layer Pins Pullup/pulldown Enable Register (PLPPER)”
— Section 4.3.1.8, “Physical Layer Pins Pullup/pulldown Control Register (PLPPCR)”
PD — (Pulldown) Internal weak pulldown for a pin in the input mode
DC — (Drive strength Controlled) Register controlled drive strength for a pin in the output mode. Refer to the following sections
for more information:

— Section 4.3.1.3, “Host Interface Pins Drive Strength Register (HIPDSR)”
— Section 4.3.1.4, “Physical Layer Pins Drive Strength Register (PLPDSR)”

Z — Tristated pin

OD — (Open Drain) Output pin with open drain

Reset state:

All pins with the PC option — pullup/pulldown is disabled,
all pins with the DC option — have full drive strength

4 No load allowed except for bypass capacitors.
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2.4.3 Detailed Signal Descriptions

24.3.1 A[6:1)/XADDR[14:19] — AMI Address Bus, HCS12 Expanded Address
Inputs

A[6:1]/XADDR[14:19] are general purpesnput pins. Their function is leeted by the IF_SEL[1:0] pins.
Refer toSection 2.7, “Externaddost Interfacéfor more information. The pinsan be configured to enable
or disable either pullup or pulldown resistors on the pins. §8etdon 4.3.1.5, “Host Interface Pins
Pullup/pulldown Enable Register (HIPPERNd Section 4.3.1.6, “Host Interfad?ins Pullup/pulldown
Control Register (HIPPCR)

A[6:1] are AMI interface address signa#sl is the LSB of the AMI address bus.

XADDRJ[14:19] are HCS12 interface expanded adslteses. XADDR14 is the LSB of the HCS12
interface expanded address lines.

2.4.3.2 A[9:7] — AMI Address Bus

A[9:7] are general purpose inpunpi Their function is selected bye IF_SEL[1:0] pins. Refer to
Section 2.7, “External Host Interfdc®r more information. The pins can be configured to enable or
disable either pullup or pldiown resistors on the pins.

A[9:7] are AMI interface address signals.

2.4.3.3 OE#/ACS0 — AMI Read Output Enable, HCS12 Address Select Input

OE#/ACSO is a general purpose inpit. Its function is selected lilge IF_SEL[1:0] pins. Refer to
Section 2.7, “External Host Interfacr more information. The pin can be configured to enable or
disable either a pullup qulldown resistor on the pin.

OE# is the AMI interface output enable signal. ®igmal controls MFR4300 datautput and the state of
three-stated data pins D[0$during host read operations.

ACSO0 is an HCS12 interfa@adress select signal.

2434 A[12:11]/ACS[2:1] — AMI Address Bus, HCS12 Expanded Address Inputs

A[12:11)/ACS|[2:1] are general purp@snput pins. Their function is keeted by the IF_SEL[1:0] pins.
Refer toSection 2.7, “Externadost Interfacéfor more information. The pinsan be configured to enable
or disable either pullup or ddbwn resistors on the pins.

A[12:11] are AMI interface address signals.
ACS[1:2] are HCS12 interfacaddress select signals.

2.4.3.5 BSEL[1:0]#/DBG[0:1] — AMI Byte Select, Debug Strobe Points

BSEL[1:0]#/DBGJ0:1] are general purpose input or output pingirffanction is selected by the
IF_SEL[1:0] pins. Refer t&ection 2.7, “External Host Interfadc®r more information. The pins can be
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configured to provide either high or reduced outpistejrand also to enable or disable either pullup or
pulldown resistors on the pins.
BSEL[1:0]# are AMI byte select signals.

DBG[0:1] are debug strobe point output signals. The functions outghtsa pins are selected by the
debug port control register. ReferSection 3.4.16, “Strobe Signal Suppdidt more information.

2.4.3.6 D[15:8]/PB[0:7] — AMI Data Bus, HCS12 Multiplexed Address/Data Bus

D[15:8]/PBJ[0:7] are general purpos®ut or output pins. Their functioase selected by the IF_SEL[1:0]
pins. Refer t&ection 2.7, “ExterrlaHost Interfac&for more information. Thespins can be configured
to provide either high or reduced output drive, aisd & enable or disable either pullup or pulldown
resistors on the pins.

D[15:8] are data signals of the AMI intade. D15 is the MSB of the AMI data bus.

PB[0:7] are HCS12 interface multiplexed address/data signals in the HCS12 Host interface mode of
operation. PBO is the LSB tfie HCS12 address/data bus.

2.4.3.7 D[7:0]/PA[0:7] — AMI Data Bus, HCS12 Multiplexed Address/Data Bus

D[7:0]/PAJ0:7] are general purposeput or output pins. Their functiomase selected by the IF_SEL[1:0]
pins. Refer t&ection 2.7, “ExterrlaHost Interfacéfor more information. Thespins can be configured
to provide either high or reduced output drive, aisod & enable or disable either pullup or pulldown
resistors on the pins.

D[7:0] are data signals of the AMI intade. DO is the LSB of the AMI data bus.

PA[0:7] are HCS12 interface multgxed address/data signals ie tHCS12 Host interface mode of
operation. PA7 is the MSB of the HCS12 address/data bus.

2.4.3.8 CE#/LSTRB — AMI Chip Select, HCS12 Low-byte Strobe

The function of this pin is seteed by IF_SEL[1:0] pins. Ref&ection 2.7, “External Host Interfackr
more information. The pin can be configured to émalp disable either a pup or pulldown resistor on
the pin.

CE# is an AMI interface transfer sizeourt signal. It indicates the sizetbk requested dateansfer in the
current bus cycle.

LSTRB is an HCS12 interface low-byte strobe ingighal. It indicates the type of bus access.

2.4.3.9 WE#/RW_CC# — AMI Write Enable, HCS12 Read/Write Select

The function of this pin is selected by the IF_SEL[1:0] pins. Ref€eftion 2.7, “External Host
Interfaceé for more information. The pin care configured to enable orsdible either a pullup or pulldown
resistor on the pin.

WE# is an AMI interface wré select signal. It strobes the valigta provided by thieost on the D[15:0]
pins during write operations to the MFR4300 memory.
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RW_CC# is an HCS12 interface read/write input sigiha@hdicates the direain of data transfer for a
transaction.

24.3.10 A10/ECLK_CC — AMI Address Bus, HCS12 Clock Input

The function of this pin is selea by the IF_SEL[1:0] pins. Ref8ection 2.7, “External Host Interfdce
for more information. The pican be configuretb enable or disableither a pullup opulldown resistor
on the pin.

A10 is an AMI interface address signal.

ECLK_CC is the HCS12 interface clock input sigif@he maximum frequency of this signal can be
calculated from the ECLK pulseidth low and high times, - and tjec given inTable A-14)

2.4.3.11 RXD_BG[2:1] — PHY Data Receiver Inputs

RXD_BGJ[2:1] are bus driver receivdata input signals if the FlexRay Optical/Electrical PHY is
configured:

« RXD_BGl1 is the input to the CC from Physical Layer Channel 1

« RXD_BG2 is the input to the CC from Physical Layer Channel 2

These pins can be configured to enable ordiesaither pullup or putlown resistors on the pins.

2.4.3.12 TXEN[2:1]# — PHY Transmit Enable

TXENJ[2:1]# are bus driver transgtrenable output signals if thedxdRay Optical/Electrical PHY is
configured:

 TXEN1# is the output of the CC to Physical Layer Channel 1

» TXENZ2# is the output of the CC to Physical Layer Channel 2

These pins can be configured to paeveither high or reduced output drive.

2.4.3.13 TXD_BG[1:2)/IF_SEL[1:0] — PHY Transmit Data Outputs, Host Interface
Selection

These pins can be configured to pdevieither high or reduced output drive.

TXD_BG[1:2] are bus driver transmit data outpyirsils if the FlexRay Optical/Electrical PHY is
configured:
« TXD_BGL1 is the output of the @G&Physical Layer Channel 1
» TXD_BG2 is the output of the G&Physical Layer Channel 2
IF_SEL[1:0] are the CC external intacke selection inpuignals. Refer tdable 2-6for the selection
coding.
NOTE

The IF_SEL[1:0] signals are inputs thg the internal reset sequence and
are latched during the internal reset sequence.
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While the IF_SEL[1:0] levels are lmgj latched, the output drive control is
disabled, and the internal pulldowrsigors are connead to the pins.

As IF_SEL[1:0] signals share pins with Physical Layer Interface signals,
pullup/pulldown devices must beadsfor the selection. Recommended
pullup/pulldown resistor values ftie IF_SEL[1:0] inputs are given in
Section 2.6.3, “Recommended Pullup/pulldown Resistor Values

2.4.3.14 CHICLK_CC — External CHI Clock Input

CHICLK_CC is the selectable external CHI clock input. It can be selexidave the Asynchronous
Memory Interface (seBection 2.6.2, “External Host Interface Selecijon

2.4.3.15 CLKOUT — Clock Output

CLKOUT is a continuous clock outpsignal. The frequency of CLKOU$ selected by the CLK_S[1:0]
pins. The CLKOUT signal, if enabled, is always active:

1. after power-up of the CC,

2. after a low-voltage reset,

3. after a clock monitor failure reset,

4. during and after an external hard reset.

The pin can be configured to providiher high or reduced output drive.

NOTE

As the CLKOUT signal can be disablddring internalresets, refer to
Section 6.4.3, “CLKOUT Mode Selection and Coritifor more
information on CLKOUT generation dag external hard and internal
resets.

2.4.3.16 RESET# — External Reset

RESET# is an active-low control signal that acts as an input to initialiZeGhe a known startup state.

2.4.3.17 INT_CC# — Interrupt Output

INT_CC# is an AMI and HCS12 interfaces interrigrjuest output signal. TI@&C may request a service
routine from the host to run. The interrupt is indicdigdhe logic level: the inteupt is asserted if the
INT_CC# outputs a logic 0 and is deasserted if INT_CC# outputs a logic 1.

The pin can be configured to prdei either high or reduced outpuivér. This is an open-drain output.

2.43.18 TEST
The TEST pin is pulled down, internally, and shbe tied to VSS in all applications.
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2.4.3.19 DBG[3:2])/CLK_S[1:0] — Debug Strobe Points, Output Clock Select

DBG]J3:2] are debug strobe point output signals. The functions outgheea pins are selected by the
debug port control register. ReferSection 3.4.16, “Strobe Signal Suppdidt more information.

NOTE

CLK_SJ[1:0] signals are inputs duritige internal reset sequence and are
latched during the internal reset sequence.

While the CLK_S[1:0] levels are being latched, the output drive control is
disabled, and the internal pulldowrsigtors are connesd to the pins.

2.4.3.20 EXTAL/CC_CLK — Crystal Driver, External Clock Pin

This pin can act as a crystal driyen (EXTAL) or as an external cleeénput pin (CC_CLK). On reset, the
device clock is derived from theput frequency on this pin. ReferRayure 2-3for Pierce oscillator
connections anBligure 2-4for external clock connections. See alwpter 7, “Oscillator (OSCV2)”

2.4.3.21 XTAL — Crystal Driver Pin

XTAL is a crystal driver pin. Refer tBigure 2-3for oscillator connections arkelgure 2-4for external
clock connections. See al€tapter 7, “Oscillator (OSCV2)”

MFR4300 C1
EXTAL Where:
Q] * Q=40 MHz crystal
* Rbis in the range 1M — 10 MQ
R Rb g c2 * Rsis a lower value, which can be 0 Q
S «C1=C2
XTAL HC——1 « See crystal manufacturer’s product specification for
recommended values
VDDOSC —— Oscillator supply output capacitor C3 = 220 nF
— 3 VSSOSC
VSSOSC

VSSOSC

Figure 2-3. Oscillator Connections
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MFR4300 a
JUL
EXTAL CLKOUT
Where:
G = 40 MHz CMOS-compatible External Oscillator
XTAL Not connected (VDDOSC-Level)
(left open)
VDDOSC
—__C3
VSSOSC
VSSOSC
Figure 2-4. External Square Wave Clock Generator Connection
24.4 Power Supply Pins

MFR4300 power and ground pins are summarizékhbie 2-4and described below.

NOTE

All VSS pins must be connecteéagether in the application.

Because fast signal trsitions place high, shoduration current demands

on the power supply, use bypasgpacitors with high-frequency
characteristics and place them aselwsthe MFR4300 as possible. Bypass

requirements depend on how hegptile MFR4300 pins are loaded.

Table 2-4. MFR4300 Power and Ground Connection Summary

. Pin Number Nominal i
Mnemonic Voltage Description
64-pin LQFP
vDD2_5 59 2.5V Internal power and ground generated by internal regulator
VSS2_ 5 60 ov
VDDR 20 3.3V External power and ground, supply to supply to pin drivers and internal
voltage regulator.
VSSR 19 ov
VDDX[1:4] | 8, 37,54, 35 3.3V External power and ground, supply to pin drivers.
VSSX[1:4] | 9, 38, 53, 31 ov
VDDA 50 3.3V Operating voltage and ground for the internal voltage regulator.
VSSA 49 ov
VDDOSC 26 2.5V Provides operating voltage and ground for the internal oscillator. This
allows the supply voltage to the oscillator to be bypassed independently.
VSS0osC 23 ov Internal power and ground generated by internal regulator.
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2441 VDDX, VSSX — Power and Ground Pins for 1/O Drivers

External power and ground for I/O drivers.

2.4.42 VDDR, VSSR — Power and Ground Pins for I/O Drivers and Internal
Voltage Regulator

External power and ground for I/O drivers and input to the internal voltage regulator.

NOTE

The VDDR pin enables the internal 3.30/2.5 V voltage regulator. If this
pin is tied to ground, the intermabltage regulator is turned off.

2443 VDD2_5,VSS2 5 — Core Power Pins

Power is supplied to the MFR4300 core throughD2D5 and VSS2_5. This 2.534pply is derived from
the internal voltage regulator. N@st load is allowed on these pinEVDDR is tied to ground, the
internal voltage regulator is turned off.

NOTE
No load is allowed except for bypass capacitors.

2444 VDDA, VSSA — Power Supply Pins for VREG

VDDA, VSSA are the power supplyd ground input pins for éholtage regulator. Hy also provide the
reference voltages for thet@mnal voltage regulator.

2445 VDDOSC, VSSOSC — Power Supply Pins for OSC

VDDOSC, VSSOSC provide openagj voltage and ground for the osaitir. This allows the supply
voltage to the oscillator to l®/passed independently. This 2.5 V voltage is generated by the internal
voltage regulator.

NOTE
No load is allowed except for bypass capacitors.

2.5 Modes of Operation

Refer toSection 3.1.6, “Modes of Operatiofdr full descriptons of the MFR4300 Disabled and Normal
modes of operation.

2.6 External Clock and Host Interface Selection

2.6.1  External 4/10/40 MHz Output Clock

A continuous external 4/10/40 MHmtput clock signal iprovided by the CC on the CLKOUT pin. See
Section 2.4.3.15, “CLKOUT — Clock Outguior details of when this signal is active.
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The output frequency of the CLKOUTgsial is selected by the CLK _S[1i@put pins, in accordance with
Table 2-5

Table 2-5. CLKOUT Frequency Selection

Pin
CLKOUT Function
CLK_So0 CLK_S1
0 0 4 MHz output
1 0 10 MHz output
0 1 40 MHz output
1 1 Disabled (CLKOUT output is “0%)
NOTE

As the CLK_S[1:0] signals are rtiplexed with DBG[2:3], CLKOUT
should be selected usipgllup and pulldown resistors

2.6.2 External Host Interface Selection

The MFR4300 can be connected and controlled by two types of interface through the CC EBI. Two pins,
IF_SELO and IF_SEL1, are used to confgytine interface type, in accordance widble 2-6

Table 2-6. Interface Selection

Pin CHI and Host
Interface Interface Clock
IF_SELO IF_SEL1
0 0 Reserved CLK_CC
0 1 HCS12 Synchronous Interface CLK_CC
1 0 Asynchronous Memory Interface CLK_CC
1 1 Asynchronous Memory Interface CHICLK_CC

The CC latches the values of the IEL® and IF_SEL1 signals, wh it leaves an internal or external reset
state, and analyzes them in ortieconfigure the interface for the typéexternal host. The CC does not
analyze them after it hadti¢he reset state. For more informatmmthe internal and érnal reset states,
seeChapter 6, “Clocks and Reset Generator (CRG)

NOTE

If the CC senses the Reserved modds IF_SEL pins (IF_SEL[1:0] = 00),

it stops all internal operations, dorot perform or respond to any host
transactions, stays in the configuratimode, and does not integrate into the
communication process.

The following steps must be taken téest a correct external host interface
mode:

1.Set IF_SELDO, IF_SEL1 for either the AMI or the HCS12 synchronous mode.
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2.Assert the external hard reset signal of the CC again.

2.6.3 Recommended Pullup/pulldown Resistor Values

As the IF_SEL[1:0] signals share pins with Physical Layer Interface signdigy pad pulldown resistors
should be used for the selectidime recommended pullup/pulldown r&sir values for the IF_SEL[1:0]
inputs are given iffable 2-7

Table 2-7. Recommended Pullup and Pulldown Resistor Values for IF_SEL[1:0] Inputs

0, Regulator and analog supply level Pullup resistor’ Pulldown resistor’ Units
(Vpps)
3.3V 16 47 kQ
5V 10 47 kQ

T The listed values are calculated for the MFR4300-Physical Layer connection where no internal pullup/pulldown
resistors are assumed in the Electrical PHY at the TXD_BG1 and TXD_BG2 interface lines. If an Electrical PHY
device has internal pullup/pulldown resistors connected to these signals, then the external pullup/pulldown resistor
values must be recalculated to ensure that V,_requirements for pulldown resistors or V| requirements for pullup
resistors for the chosen Vpps are met. See Section A.1.9, “I/O Characteristics” for more details on V,, V| and Vpps.

2.7 External Host Interface

The MFR4300 can be connected throtgh types of bus interface (s8ection 2.6.2, “External Host
Interface Selectidrfor information on how to dect the host interface). Theo types of microprocessor
interface are described below.

2.7.1  Asynchronous Memory Interface

Figure 2-5shows how to connect the FlexRay CGtmicrocontroller using the AMI interface.
» Data exchange in AMI Mode is carled by the CE#, WE# and OE# signals.

* The FlexRay AMI interface is implementecgasasynchronous memory slave module, thus
enabling fast interfacing between the @&l a variety of microcontrollers.

* The FlexRay CC MCU interface decodes its inteagaster addresses withe help of the chip
select signal CE# anddtaddress lines A[12:1].

» The AMI interface accepts onligaed 16-bit read and 8-bit or 16t write transactions. The AMI
interface does not support 8-bit read accesses.

— The byte selects BSEL[1:0]#, thkip enable CE#, the output ef@@E#, and the write enable
WE# are used to determine the type of access as shovablm2-8
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Table 2-8. AMI Access Types

CE# | WE# | OE# BSEL1# BSELO# Type of Access
0 0 0 X X lllegal
0 0 1 0 0 16-bit write to word address'
0 0 1 0 1 8-bit write to even byte address?
0 0 1 1 0 8-bit write to odd byte address®
0 0 1 1 1 lllegal
0 1 1 X X no access
0 1 0 X X 16-bit read from word address*
1 X X X X no access

Write data from D[15:8] to even byte address and from D[7:0] to odd byte address.
Write data from D[15:8].

Write data from D[7:0].

Read data from even byte address at D[15:8] and from odd byte address at D[7:0].

A O N =

WE# indicates the directiond#ta transfer for a transaction.
OE# enables the AMI data output toierocontroller duringead transactions.

INT_CC# is an interrupt line that can be Usedequesting, by means of the internal interrupt
controller, a service routine from a host controller.

The FlexRay CC AMI module daast support burst transactions.

NOTE
For the AMI, DO is the LSB of the 16-bit data bus.

NOTE

If the AMI mode without the CHICK _CC signal is selected (i.e.
IF_SEL[1:0] = 0b01), CHICLK_C must be driven ttmgic O or logic 1 (it
must not be left floating).

MFR4300 Data Sheet, Rev. 3

48

Freescale Semiconductor



Device Overview

2.71.1  Asynchronous Memory Interface with MPC5xx and MPC55xx Families

MPC5xx Family MFR4300
MPC55xx Family DATAO [ »| D15
DATA15 [ - DO
ADDR19 p| A12
ADDR30 B A1
BEO p| BSEL1#
BE1 p| BSELO#
WE# p-| WE#
CSni# p| CE#
OE# p| OE#
VDDXn
IRQN# |- INT_CC#
TR p| TXD_BG2/IF_SELO
nterrace
p| TXD_BG1/IF_SEL1
VSSXn

Figure 2-5. AMI Interface with MPC5xx and MPC55xx Families
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2.7.1.2

Asynchronous Memory Interface with S12X Family

S12X Family

D15
DO
A12

Al

UDS
DS
CSn

WE

RE

IRQN

- -1
g -1
.
.
|
.
|
VDDXn

g ®

PL Interface >
VSSXn

MFR4300
D15

DO
A12
A1l
BSEL1#
BSELO#
CE#

WE#
OE#

INT_CC#
TXD_BG2/IF_SELO
TXD_BG1/IF_SELA1

Figure 2-6. AMI Interface with S12X Family
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2.71.3 Asynchronous Memory Interface with DSP 56F83 (Hawk) Family

DSP56F83xx Family
D15

DO
A1
A0
WR#

CSn#
RD#

IRQNn#

D15

DO

A12

A1l

WE#

CE#

OE#
BSEL1#
BSELO#

llVVV Yvyvy

VDDXn

INT_CC#

PL Interface

MFR4300

p=| TXD_BG2/IF_SELO
p TXD_BG1/IF_SEL1

VSSXn

Figure 2-7. AMI Interface with DSP 56F83 (Hawk) Family

2.71.4 Asynchronous Memory Interface Timing

SeeSection A.4, “Asynchronous Meory Interface Timingfor timing characteristics of the CC AMI

Interface.

2.7.2 HCS12 Interface

Chip selection for the HCS12 imface is generated internallying the following signals (séegure 2-9:

* The input values of the expanded addressisiyA®DDR[14:19] are compared with logical O's
(the HCS12 External Bus Interface (BB in the Paged or Unpaged mode).

* The three most significant bits of the demlgitigd address bus, PA[5:7], are compared with the

pattern set up externally on the address chip select pins ACS[0:2]; PA5 is compared with ACSO,
PA6 with ACS1, PA7 with ACS2.

NOTE

The address decoding phase of a redt¥wperation is passed if all the
comparisons described above are passed.
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Figure 2-9shows how to connect the FlexRay C@itoHCS12 MCU with EBI paged mode support.

Figure 2-10shows how to connect he FlexRay CC td#2512 MCU with EBlunpaged mode support.

*» The CC's HCS12 interface supports the pagethanthpaged modes oetiHCS12 External Bus
Interface connected to it.

* The FlexRay HCS12 interface is implemeatedn synchronous HCS12 External Bus slave
module, thus enabling the fast data exchange between them.

 The FlexRay CC MCU interface decodes the addresses of read/write transactions to its internal
registers, and generates its internal chip sslgotl, CS, using the adsis/data lines PA[0:7],
PB[0:7], ACSJ[0:2], and XADDR[14:19]:
— The address and data lines PA[0:7], PB[@? multiplexed. They are denoted ADR[0:15]
when referring to the address, and DATA[O:iublen referring to the data. The FlexRay CC is
selected only when the address ADR[13:ifitches ACS[0:2] (ADR13 matches ACSO,
ADR12 matches ACS1, etc.) and tloeleess XADDR[1419] matches 0.

 The HCS12 interface accepts only aligned 16-4t aad 8-bit or 16-bit write transactions. The
HCS12 interface does naigport 8-bit read accesses.

— The internal chip select, CSgtlow byte strobe, LSTRB, the léagnificant bit of the address,

ADRO, and the read/write select, RW, are usedetiermine the type of access, as shown in

Table 2-9
Table 2-9. HCS12 Access Types
CS RW LSTRB | ADRO Type of Access
0 X X X No access
1 0 0 0 16-bit write to word address’
1 0 0 1 8-bit write to an odd address?®
1 0 1 0 8-bit write to an even address?®
1 0 1 1 Not supported
1 1 0 0 16-bit read from an even address®
1 1 0 1 Not supported
1 1 1 0 Not supported
1 1 1 1 Not supported

T Write data from PA to even byte address and from PB to odd byte address.
2 Write data from PB.
3 Read data from even byte address at PA and from odd byte address at PB.

» RW_CC# indicates the directiondata transfer for a transaction.

* INT_CC# is an interrupt line that can be Usedequesting, by means of the internal interrupt
controller, a service routine from the HCS12 device.
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NOTE

AMI-only inputs A[9:7], BSEL[1:0]#/BGJ0:1] (if the debug strobes are
disabled), and CHICLK _CC are nased when the HCS12 interface is
selected and must be drivemlogic O or logic 1 (i.ethey must not be left
floating).

DATA[0:15]
Address DATA SIGNALS
PA[0:7 L /Data
Sk o > 3538 sonns

T ADR[0:9]
. [ ADDRESS SIGNALS
I/ ) Address
ADR[13:13] Comparator 1
3 bit
ACS[0:2] ™
ACS[0:2] | 3 bit > ) w
Address
XADDR[14:19] Comparator 2
XADDR[14:19] | 6 bit >
‘000000’
1
ADR[14:15]
2 bit
01 Address

Comparator 3

Figure 2-8. HCS12 Interface Address Decoding and Internal Chip Select Generation
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2.7.2.1 HCS12 interface with HCS12 Page Mode Support

HCS12 family MFR4300
ADDR/DATA15 (PA7) ¢ B PA7
ADDR/DATAO (PB0) ¢ P PBO
XADDR19 p| XADDR19
XADDR14 | XADDR14
ECLK P ECLK_CC
LSTRB P | STRB
R/W# P RW_CC#
VDDXn |j |j |j |j
——»| ACS2
¢ - —» ACS1
/ P ACSO
IRQN# [ . INT_CC#
- ® | TXD_BG1/IF_SELA1
PL Interface]
P TXD_BG2/IF_SELO
VSSXn

Figure 2-9. HCS12 interface with HCS12 Page Mode Support
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2.7.2.2 HCS12 interface with HCS12 Unpaged Mode Support

HCS12 Family MFR4300

ADDR/DATA15 (PA7) [ B PA7
ADDR/DATAO (PB0) [ 1 PBO

6 XADDR19

J: VSSXn XADDR14

ECLK P ECLK_CC

LSTRB P | STRB
R/W# B RW_CC#
VDDXn

—®| ACS2
¢} —» ACS1

e‘/e B ACSO

RQn# | e INT_CC#
T Intorface P~ TXD_BG1/IF_SEL1
* p| TXD_BG2/IF_SELO

VSSXn

Figure 2-10. HCS12 interface with HCS12 Unpaged Mode Support

2.7.2.3 HCS12 Interface Timing
SeeSection A.5, “HCS12 Interface TimiAdor timing characteristics of the HCS12 interface.

2.8 Resets and Interrupts

2.8.1 Resets

MFR4300 has the following resets:
» External hard reset input signal RESET#.
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* Internal power-on and low-voltage resets pravimethe internal voltage regulator (refer to
Chapter 6, “Clocks and Reset Generator (CREBY Chapter 5, “Dual Output Voltage Regulator
(VREG3V3V2)” for more information).

* Internal clock monitdailure reset (se€hapter 7, “Oscillator (OSCV2)!

When a reset occurs, MFR4300 registand control bits are changektmwn startup stateRefer to the
respective module chapters for information on the difiekinds of resets andrfeegister reset states.
2.8.1.1 1/O Pin States After Reset

Refer toTable 2-3for the configuration of #h MFR4300 pins out of reset.

2.8.2 Interrupt Sources

All possible MFR4300 internahterrupt sources are combined and provided to the host by means of one
available interrupt line, INT_CC#. Refer$ection 3.4.19, “Interrupt SuppomhdSection 6.3.2, “Clock

and Reset Status Register (CR'SIRj more information on available interrupt sources. The type of
interrupt is level sensitive.

MFR4300 Data Sheet, Rev. 3

56 Freescale Semiconductor



Chapter 3

FlexRay Module (FLEXRAYV2)

3.1

3.1.1

Introduction

Reference

The following documents are referenced.
* FlexRay Communications Sysktocol Specification, Version 2.1
* FlexRay Communications System EladtRtiysical Layer Specification, Version 2.1

3.1.2

Glossary

This section provides a list of terms usedhe description of the FlexRay module.

Table 3-1. List of Terms (Sheet 1 of 2)

Term Definition

BCU Buffer Control Unit. Handles message buffer access.

CcC Communication Controller

CbC Clock Domain Crosser

CHI Controller Host Interface

Cycle length in uT The actual length of a cycle in uT for the ideal controller (+/- 0 ppm)

EBI External Bus Interface

FRM FlexRay Memory. Memory to store message buffer payload, header, and status, and to store
synchronization frame related tables.

FSS Frame Start Sequence

HIF Host Interface. Provides host access to FlexRay module.

Host The FlexRay CC host MCU

LUT Look Up Table. Stores message buffer header index value.

MB Message Buffer

MBIDX Message Buffer Index: the position of a header field entry within the header area. If the header area
is accessed as an array, this is the same as the array index of the entry.

MBNum Message Buffer Number: Position of message buffer configuration registers within the register map.
For example, Message Buffer Number 5 corresponds to the MBCCSS5 register.

MCU Microcontroller Unit

uT Microtick

MT Macrotick

MTS Media Access Test Symbol
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Table 3-1. List of Terms (Sheet 2 of 2)

Term Definition
NIT Network Idle Time
PE Protocol Engine
POC Protocol Operation Control. Each state of the POC is denoted by
Rx Reception
SEQ Sequencer Engine
TCU Time Control Unit
Tx Transmission

3.1.3 Color Coding
Throughout this chapter types of items are highédlthrough the use of an italicized color font.

FlexRay protocol parameters, conssaaud variables are highlighted witlue italics An example is the
parametegdActionPointOffset

FlexRay protocol states are highlightedis s An example is the statg

3.1.4 Overview

The FlexRay module is a FlexRay communication controller that implemerftettiRay
Communications System Probdb&pecification, Version 2.1.

The FlexRay module has three main components:
» Controller host interface (CHI)
* Protocol engine (PE)
* Clock domain crossing unit (CDC)

A block diagram of the FlexRay moduletlits surrounding modules is givenkigure 3-1
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FlexRay Module
EBI CHI PE <& RXD_BG1
L confi |3 TXD_BG1
Ko HIF —SOMd | | SEQ | TXEN1#
2 € RXD_BG2
SEARCH @ TxA B
2 | TXD_BG2
| O ~ |y TXEN2#
LUT 5
€| & |-
FlexRay 8
Memory Xx
BCU 8 RxA
o 3 DBGO
TCU | DBG1
1T N MIF L 3 DBG2
L DBG3

Figure 3-1. FlexRay Module Block Diagram

The protocol engine has two teamitter units TxA and TxB and two receiver units RxA and RxB for
sending and receiving framesdhgh the two FlexRay channels. The time control unit (TCU) is
responsible for maintaining global clock synchronization to te&Ry network. The overall activity of
the PE is controlled by the sequencer engine (SEQ).

The controller host interface provides host access to the modoidiguration, control, and status
registers, as well as to the messhgtier configuration, control, andadtis registers. The message buffers
themselves, which contain the frameader and payload data receivedoobe transmitted, and the slot
status information, are stored in the FlexRay Memory (FRM).

The clock domain crossingnit implements ginal crossing from the CHI clock domain to the PE clock
domain and vice versa, to allow fasynchronous PE and CHI clock domains.

The FlexRay module stores the frame header and payload data of framesireceivieames to be
transmitted in the FRM. The application accesse& R to retrieve and provide the frames to be
processed by the FlexRay moduleatidition to the frambeader and payload data, the FlexRay module
stores the synchronization frame relateddalah the FRM for application processing.

NOTE

The FlexRay module does not providemamory protection scheme for the
FlexRay Memory.

3.1.5 Features

The FlexRay module provides the following features:
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FlexRay Communications Systenotecol Specification, Version 2cbmpliant protocol
implementation

FlexRay Communications System Electrieaysical Layer Specification, Version Zdmpliant
bus driver interface
single channel support

— internal channel A and FlexRay Port A can bafgured to be connected either to physical
FlexRay channel A or physical FlexRay channel B.

128 configurable message buffers with
— individual frame ID filtering
— individual channel ID filtering
— individual cycle counter filtering

message buffer header, status and payload data stored in dedicated FlexRay Memory
— allows for flexible and efficient message buffer implementation

— consistent data access ensured by means of buffer locking scheme

— application can lock multiplbuffers at the same time

size of message buffer payload datdaseconfigurable from 0 up to 254 bytes

two independent message buffer segments with configurable s&gaztd data section

— each segment can contain mesdagféers assigned to the stasegment and message buffers
assigned to the dynamic segment at the same time

zero padding for transmit megséuffers in static segment
— applied when the frame paylb#&ength exceeds the size oétimessage buffer data section
transmit message buffemnfigurable with state/event semantics

message buffers can be configured as
— receive message buffer
— single buffered transmit message buffer
— double buffered transmit message buffer (boras two single buffered message buffer)
individual message buffeconfiguration supported
— means provided to safely disable individual message buffers
— disabled message buffezan be reconfigured

two independent receive FIFOs
— one receive FIFO per channel
— up to 255 entries for each FIFO
— global frame ID filtering, based on bothlue/mask filtes and range filters
— global channel ID filtering
— global message ID filtering for the dynamic segment

4 configurable slot error counters

4 dedicated slot status indicators
— used to observe slots without using recenassage buffers

measured value indicatéws the clock synchronization
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— internal synchronizatioframe 1D and synchronizatiorafne measurement tables can be
copied into the FlexRay Memory

« fractional macroticks asepported for clock correction

* maskable interrupt sources providedndavidual and combined interrupt lines
* 1 absolute timer

» 1 timer that can be configured to absolute or relative

3.1.6 Modes of Operation

3.1.6.1 Disabled Mode

This is the default mode the FlexRaodule enters during hard resette FlexRay module indicates that
it is in the Disabled Mde by negating the FlexRayodule enable bit MEN in thiglodule Configuration
Register (MCR)

The protocol engine is in its reset stdde.communication is performed on the FlexRay bus.

All registers with the write accessrditions Any Time and Disabled Modan be accesséar writing as
stated inSection 3.3.2, “Register Descriptions”

The application can configure the FlexRay modileccessing the FlexRay module configuration bits
and fields in thévlodule Configuratbn Register (MCR)

The FlexRay module leaves disabiedde when the application séte FlexRay module enable bit MEN
in theModule Configuratbn Register (MCRThe FlexRay module then deagsé¢he protocol engine reset
and puts the protocol engine into the state.

NOTE

After the application hasnabled the FlexRay moduit cannot disable the
FlexRay module later on.

3.1.6.2 Normal Mode
In this mode the FlexRayodule is fully functional.

The FlexRay module indicates that it is in normabeby asserting the FlexiRanodule enable bit (MEN)
in theModule Configuration Register (MCR)

This mode is entered when the apgilion requests the FlexRay moduléetave the disabled mode. If this
mode is entered, the pamol engine is in it§ state.

Depending on the values of the OCHA, and CHB bits in th#lodule Configuratn Register (MCR)
the corresponding FlexRay bus driver ports are enabled and driven.

The application can traition the protocol engine intather protocol states using tReotocol Operation
Control Register (POCRJ-or details regarding protocol states, BlExRay Communications System
Protocol Specification, Version 2.1
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3.2

This section lists and da#zes the FlexRay module signals, connetteelxternal pins. These signals are
summarized iMable 3-2and described in detail Bection 3.2.1, “Detailed Signal Descriptions”

NOTE

The off chip signals RXD_BG1, TXD_BG1, and TXEN1# are available on
each package option. The availability of the other off chip signals depends
on the package option.

External Signal Description

Table 3-2. External Signal Properties

Name Direction Active Reset Function
RXD_BG1 Input — — Receive Data Channel A
TXD_BGt1 Output — 1 Transmit Data Channel A

TXEN1# Output Low 1 Transmit Enable Channel A
RXD_BG2 Input — — Receive Data Channel B
TXD_BG2 Output — 1 Transmit Data Channel B

TXEN2# Output Low 1 Transmit Enable Channel B

DBGO Output — 0 Debug Strobe Signal 0

DBGH1 Output — 0 Debug Strobe Signal 1

DBG2 Output — 0 Debug Strobe Signal 2

DBG3 Output — 0 Debug Strobe Signal 3

3.2.1

This section provides a detailedsdeption of the FlexRay module sigaaconnected to external pins.

Detailed Signal Descriptions

3.2.1.1 RXD BG1 — Receive Data Channel A

The RXD_BG1 signal carries the reszdata for channel A from éhcorresponding FlexRay bus driver.

3.2.1.2 TXD_BG1 — Transmit Data Channel A
The TXD_BGL1 signal carries the transmit datadieannel A to the corresponding FlexRay bus driver.

3.2.1.3 TXEN1# — Transmit Enable Channel A

The TXEN1# signal indicates to theeikRay bus driver that the FlexRanpdule is attempting to transmit
data on channel A.

3.2.1.4 RXD_BG2 — Receive Data Channel B

The RXD_BG2 signal carries the resedata for channel B from ¢éhcorresponding FlexRay bus driver.
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3.2.1.5 TXD_BG2 — Transmit Data Channel B
The TXD_BG2 signal carries the transmit datadieannel B to the corresponding FlexRay bus driver

3.2.1.6 TXEN2# — Transmit Enable Channel B

The TXEN2# signal indicates to theeikRay bus driver that the FlexRanpdule is attempting to transmit
data on channel B.

3.2.1.7 DBG3, DBG2, DBG1, DBGO — Strobe Signals

These signals provide the selectisdbug strobe signals. For detailstba debug strobe signal selection
refer toSection 3.4.16, “Strobe Signal Support”

3.3 Memory Map and Register Description

The FlexRay module occupies 1280 byteaddress space diag at address 0x0000.

3.3.1 Memory Map

The complete memory map of the FlexRay module is showabie 3-3
Table 3-3. FlexRay Memory Map (Sheet 1 of 4)

Address Register Access
Module Configuration and Control
0x0000 Module Version Register (MVR) R
0x0002 Module Configuration Register (MCR) R/W
0x0004 Reserved R
0x0006 Reserved R
0x0008 Strobe Signal Control Register (STBSCR) R/W
0x000A Strobe Port Control Register (STBPCR) R/W
0x000C Message Buffer Data Size Register (MBDSR) R/W
0x000E Message Buffer Segment Size and Utilization Register (MBSSUTR) R/W
Test Registers
0x0010 Reserved R
0x0012 Reserved R
Interrupt and Error Handling

0x0014 Protocol Operation Control Register (POCR) R/W
0x0016 Global Interrupt Flag and Enable Register (GIFER) R/W
0x0018 Protocol Interrupt Flag Register 0 (PIFRO) R/W
0x001A Protocol Interrupt Flag Register 1 (PIFR1) R/W
0x001C Protocol Interrupt Enable Register 0 (PIERO) R/W
0x001E Protocol Interrupt Enable Register 1 (PIER1) R/W
0x0020 CHI Error Flag Register (CHIERFR) R/W
0x0022 Message Buffer Interrupt Vector Register (MBIVEC) R
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Table 3-3. FlexRay Memory Map (Sheet 2 of 4)

Address Register Access
0x0024 Channel A Status Error Counter Register (CASERCR) R
0x0026 Channel B Status Error Counter Register (CBSERCR) R

Protocol Status
0x0028 Protocol Status Register 0 (PSRO) R

0x002A Protocol Status Register 1 (PSR1) R
0x002C Protocol Status Register 2 (PSR2) R
0x002E Protocol Status Register 3 (PSR3) R/W
0x0030 Macrotick Counter Register (MTCTR) R
0x0032 Cycle Counter Register (CYCTR) R
0x0034 Slot Counter Channel A Register (SLTCTAR) R
0x0036 Slot Counter Channel B Register (SLTCTBR) R
0x0038 Rate Correction Value Register (RTCORVR) R
0x003A Offset Correction Value Register (OFCORVR) R
0x003C Combined Interrupt Flag Register (CIFRR) R
0x003E Reserved R

Sync Frame Counter and Tables
0x0040 Sync Frame Counter Register (SFCNTR) R
0x0042 Sync Frame Table Offset Register (SFTOR) R/W
0x0044 Sync Frame Table Configuration, Control, Status Register (SFTCCSR) R/W
Sync Frame Filter
0x0046 Sync Frame ID Rejection Filter Register (SFIDRFR) R/W
0x0048 Sync Frame ID Acceptance Filter Value Register (SFIDAFVR) R/W
0x004A Sync Frame ID Acceptance Filter Mask Register (SFIDAFMR) R/W
Network Management Vector

0x004C Network Management Vector Register 0 (NMVRO0) R
0x004E Network Management Vector Register 1 (NMVR1) R
0x0050 Network Management Vector Register 2 (NMVR2) R
0x0052 Network Management Vector Register 3 (NMVR3) R
0x0054 Network Management Vector Register 4 (NMVR4) R
0x0056 Network Management Vector Register 5 (NMVR5) R
0x0058 Network Management Vector Length Register (NMVLR) R/W

Timer Configuration

0x005A Timer Configuration and Control Register (TICCR) R/W
0x005C Timer 1 Cycle Set Register (TIHHCYSR) R/W
0x005E Timer 1 Macrotick Offset Register (TITMTOR) R/W
0x0060 Timer 2 Configuration Register 0 (TI2CRO) R/W
0x0062 Timer 2 Configuration Register 1 (TI2CR1) R/W

Slot Status Configuration
0x0064 Slot Status Selection Register (SSSR) R/W
0x0066 Slot Status Counter Condition Register (SSCCR) R/W
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Table 3-3. FlexRay Memory Map (Sheet 3 of 4)

Address Register Access
Slot Status
0x0068 Slot Status Register 0 (SSRO0) R
0x006A Slot Status Register 1 (SSR1) R
0x006C Slot Status Register 2 (SSR2) R
0x006E Slot Status Register 3 (SSR3) R
0x0070 Slot Status Register 4 (SSR4) R
0x0072 Slot Status Register 5 (SSR5) R
0x0074 Slot Status Register 6 (SSR6) R
0x0076 Slot Status Register 7 (SSR7) R
0x0078 Slot Status Counter Register 0 (SSCRO0) R
0x007A Slot Status Counter Register 1 (SSCR1) R
0x007C Slot Status Counter Register 2 (SSCR2) R
0x007E Slot Status Counter Register 3 (SSCR3) R
MTS Generation
0x0080 MTS A Configuration Register (MTSACFR) R/W
0x0082 MTS B Configuration Register (MTSBCFR) R/W
Shadow Buffer Configuration
0x0084 Receive Shadow Buffer Index Register (RSBIR) R/W
Receive FIFO — Configuration
0x0086 Receive FIFO Selection Register (RFSR) R/W
0x0088 Receive FIFO Start Index Register (RFSIR) R/W
0x008A Receive FIFO Depth and Size Register (RFDSR) R/W
Receive FIFO - Status
0x008C Receive FIFO A Read Index Register (RFARIR) R
0x008E Receive FIFO B Read Index Register (RFBRIR) R
Receive FIFO - Filter
0x0090 Receive FIFO Message ID Acceptance Filter Value Register (RFMIDAFVR) R/W
0x0092 Receive FIFO Message ID Acceptance Filter Mask Register (RFMIAFMR) R/W
0x0094 Receive FIFO Frame ID Rejection Filter Value Register (RFFIDRFVR) R/W
0x0096 Receive FIFO Frame ID Rejection Filter Mask Register (RFFIDRFMR) R/W
0x0098 Receive FIFO Range Filter Configuration Register (RFRFCFR) R/W
0x009A Receive FIFO Range Filter Control Register (RFRFCTR) R/W
Dynamic Segment Status
0x009C Last Dynamic Transmit Slot Channel A Register (LDTXSLAR) R
0x009E Last Dynamic Transmit Slot Channel B Register (LDTXSLBR) R
Protocol Configuration
0x00A0 Protocol Configuration Register 0 (PCRO) R/W
0x00DC Protocol Configuration Register 30 (PCR30) R/W
MFR4300 Data Sheet, Rev. 3
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Table 3-3. FlexRay Memory Map (Sheet 4 of 4)

Address Register Access
0x00DE
Reserved R
0xO0FE
Message Buffers Configuration, Control, Status

0x0100 Message Buffer Configuration, Control, Status Register 0 (MBCCSRO) R/W
0x0102 Message Buffer Cycle Counter Filter Register 0 (MVBCCFRO) R/W
0x0104 Message Buffer Frame ID Register 0 (MBFIDRO) R/W
0x0106 Message Buffer Index Register 0 (MBIDXRO) R/W
0x04F8 Message Buffer Configuration, Control, Status Register 127 (MBCCSR127) R/W
0x04FA Message Buffer Cycle Counter Filter Register 127 (MBCCFR127) R/W
0x04FC Message Buffer Frame ID Register 127 (MBFIDR127) R/W
0x04FE Message Buffer Index Register 127 (MBIDXR127) R/W

3.3.2 Register Descriptions

This section provides detailed descriptions of aisters in ascending addressler, presented as 16-bit
wide entities.

Table 3-4provides a key for the registegures and register tables.

Table 3-4. Register Access Conventions

Convention Description

The shaded field indicates that the bit or field is not writeable.

R* The R* item indicates a reserved bit or field. The FlexRay module will not change its value.
The application must not write any value different from the reset value to this bit or field.

Reset Value
0 Resets to zero.
1 Resets to one.

- Not defined after and not affected by reset.

3.3.2.1 Register Reset

All registers except thBlessage Buffer Cycle CoumtEilter Registers (MBCCFRnMessage Buffer
Frame ID Registers (MBFIDRnandMessage Buffer IndeRRegisters (MBIDXRnhpre reset to their reset
value on system reset. The registers mentioned areMecated in physical memory blocks and, thus,
they are not affected by reset. Bome register fields, additional réesenditions exist. These additional
reset conditions are mentioned in the detailed dasmni of the register. Thadditional reset conditions
are explained iffable 3-5
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Table 3-5. Additional Register Reset Conditions

Condition Description
Protocol RUN Command The register field is reset when the application writes to RUN command “0101” to the
POCCMD field in the Protocol Operation Control Register (POCR).
Message Buffer Disable The register field is reset when the application has disabled the message buffer.

This happens when the application writes ‘1’ to the message buffer disable trigger bit
MBCCSRnN.EDT while the message buffer is enabled (MBCCSn.EDS = 1) and the FlexRay
module grants the disable to the application by clearing the MBCCSRn.EDS bit.

3.3.2.2 Register Write Access

This section describes the write access restriction terms that apply to all registers.

3.3.2.21 Register Write Access Restriction

For each register bit and registazidi, the write access conditions aredfied in the detailed register
description. A description of the & access conditions is givenTiiable 3-6 If, for a specift register bit
or field, none of the given wte access conditions is fuléd, any write attempt to ihregister bit or field
is ignored without any nottfation. The values of the bits or fislare not changed. &lcondition term [A
or B] indicates that the register field can be written to if at leaene of the conditions is fulfilled.

Table 3-6. Register Write Access Restrictions

Condition Indication Description
Any Time - No write access restriction.
Disabled Mode MCR.MEN = ‘0’ Write access only when the FlexRay module is in Disabled Mode.
Normal Mode MCR.MEN = ‘1’ Write access only when the FlexRay module is in Normal Mode.
PSR0.PROTSTATE = Write access only when the Protocol is in the state.
MB_DIS MBCCSRn.EDS = ‘0’ Write access only when the related Message Buffer is disabled.
MB_LCK MBCCSRnN.LCKS = ‘1’ Write access only when the related Message Buffer is locked.

3.3.2.2.2 Register Write Access Requirements

For some of the registers, a 16aide write access is requiredeasure correct operation. This write
access requirement is statedhe detailed register degation for each register affected

3.3.2.23 Internal Register Access

The following memory mapped registers aredit access multiple internal registers.
» Strobe Signal Control Register (STBSCR)
» Slot Status Selection Register (SSSR)
» Slot Status Counter @dition Register (SSCCR)
* Receive Shadow Buffer Index Register (RSBIR)
Each of these memory mapped registers provided 8l and a WMD bit. The SEL field is used to

select the internal register. The WMD bit controks #rite mode. If the WMD biis set to ‘O’ during the
write access, all fields of the intedrregister are updated.tifie WMD bit set to ‘1'only the SEL field is
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changed. All other fields of the imteal register remain uhanged. This allows foeading back the values
of the selected internal register in a subsequent read access.

3.3.2.3 Module Version Register (MVR)
0x0000
15 14 13 12 ‘ 11 10 9 8 7 6 5 4 ‘ 3 2 1 0
R CHIVER PEVER
we [ [ [ [ ] . [ 1 [ |
Reset 0 0 1 1 0 1 0 1 0 0 1 1 0 1 0 1

Figure 3-2. Module Version Register (MVR)

This register provides the FlexRay module version number. The maslsien number is derived from
the CHI version numbema the PE version number.

Table 3-7. MVR Field Descriptions

Field Description
15-8 CHI Version Number — This field provides the version number of the controller host interface.
CHIVER
7-0 PE Version Number — This field provides the version number of the protocol engine.
PEVER
3.3.2.4 Module Configuration Register (MCR)
0x0002 Write: MEN, SCM, CHB, CHA: Disabled Mode
SFFE: Disabled Mode or
15 14 13 12 11 10 9 8 7 6 5 4 3 2
R 0 0 0 0 0
W MEN SCM | CHB | CHA | SFFE R* R* R*
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-3. Module Configuration Register (MCR)
This register defines the globardiguration of the FlexRay module.
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Table 3-8. MCR Field Descriptions

Field Description
15 Module Enable — This bit indicates whether or not the FlexRay module is in the Disabled Mode. The application
MEN requests the FlexRay module to leave the Disabled Mode by writing 1 to this bit. Before leaving the Disabled
Mode, the application must configure the SCM, CHB, CHA, TMODE values. For details see Section 3.1.6,
“Modes of Operation”.
0 Write: ignored, FlexRay module disable not possible
Read: FlexRay module disabled
1 Write: enable FlexRay module
Read: FlexRay module enabled
Note: If the FlexRay module is enabled it can not be disabled.
13 Single Channel Device Mode — This control bit defines the channel device mode of the FlexRay module as
SCM described in Section 3.4.10, “Channel Device Modes”.
0 FlexRay module works in dual channel device mode
1 FlexRay module works in single channel device mode
12-11 Channel Enable — protocol related parameter: pChannels
CHB The semantic of these control bits depends on the channel device mode controlled by the SCM bit and is given
CHA Table 3-9.

SFFE

Synchronization Frame Filter Enable — This bit controls the filtering for received synchronization frames. For
details see Section 3.4.15, “Sync Frame Filtering”.

0 Synchronization frame filtering disabled

1 Synchronization frame filtering enabled

R*

Reserved — This bit is reserved. It is read as ‘0’. Application must not write ‘1’ to this bit.

Reserved — This bit is reserved. It is read as ‘0’. Application must not write ‘1’ to this bit.

3-1

Reserved — This field is reserved. It is read as ‘000’. Application must not write ‘1’ to any bit.

Table 3-9. Channel Enable Mapping (Sheet 1 of 2)

SCM

CHB

CHA Description

Dual Channel Device Modes

ports RXD_BG1, TXD_BG1, and TXEN1# not driven by FlexRay module
ports RXD_BG2, TXD_BG2, and TXEN1# not driven by FlexRay module
PE channel 0 idle
PE channel 1 idle

ports RXD_BG1, TXD_BG1, and TXEN1# driven by FlexRay module
ports RXD_BG2, TXD_BG2, and TXEN1# not driven by FlexRay module
PE channel 0 active

PE channel 1 idle

ports RXD_BG1, TXD_BG1, and TXEN1# not driven by FlexRay module
ports RXD_BG2, TXD_BG2, and TXEN1# driven by FlexRay module

PE channel 0 idle

PE channel 1 active

ports RXD_BG1, TXD_BG1, and TXEN1# driven by FlexRay module
ports RXD_BG2, TXD_BG2, and TXEN1# driven by FlexRay module
PE channel 0 active
PE channel 1 active

Single Channel Device Mode
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Table 3-9. Channel Enable Mapping (Sheet 2 of 2)

SCM | CHB | CHA Description

ports RXD_BG1, TXD_BG1, and TXEN1# not driven by FlexRay module
ports RXD_BG2, TXD_BG2, and TXEN1# not driven by FlexRay module
PE channel O idle
PE channel 1 idle

ports RXD_BG1, TXD_BG1, and TXEN1# driven by FlexRay module
ports RXD_BG2, TXD_BG2, and TXEN1# not driven by FlexRay module
1 PE channel 0 active

PE channel 1 idle

ports RXD_BG1, TXD_BG1, and TXEN1# driven by FlexRay module
ports RXD_BG2, TXD_BG2, and TXEN1# not driven by FlexRay module

1 0 PE channel 0 active, uses cCrclnit[B] (see Figure 3-132)
PE channel 1 idle
1 1 reserved

3.3.25 Strobe Signal Control Register (STBSCR)

0x0008 16-bit write access required Write: Any Time
15 14 13 12 ‘ 1 10 9 8 7 6 5 4 3 2 1 0
Rl O 0 0 0 0 0
SEL ENB STBPSEL
W | WMD
Reset 0 0 0 0 ‘ 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-4. Strobe Signal Control Register (STBSCR)

This register is used to assign the individuaitocol timing related stbe signals given ifable 3-11to

the external strobe ports. Each strobe signal cansignasl to at most one stropert. Each write access
to registers overwrites the preusly written ENB and STBPSEL valufs the signal indicated by SEL.

If more than one strobe signal is@med to one strobe port, the cutrealues of the strobe signals are
combined with a binary OBnd presented at the strqi@t. If no strobe signal is assigned to a strobe port,
the strobe port carries logic 0. For mdegailed and timing fiormation refer td&Section 3.4.16, “Strobe
Signal Support”

NOTE

In single channel device mode, ohal B related strobe signals are
undefined and should not besaged to the strobe ports.

Table 3-10. STBSCR Field Descriptions (Sheet 1 of 2)

Field Description
15 Write Mode — This control bit defines the write mode of this register.
WMD 0 Write to all fields in this register on write access.
1 Write to SEL field only on write access.
14-8 Strobe Signal Select — This control field selects one of the strobe signals given in Table 3-11 to be enabled or
SEL disabled and assigned to one of the four strobe ports given in Table 3-11.
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Table 3-10. STBSCR Field Descriptions (Sheet 2 of 2)

Field Description

4 Strobe Signal Enable — The control bit is used to enable and to disable the strobe signal selected by
ENB STBSSEL.
0 Strobe signal is disabled and not assigned to any strobe port.
1 Strobe signal is enabled and assigned to the strobe port selected by STBPSEL.

1-0 Strobe Port Select — This field selects the strobe port that the strobe signal selected by the SEL is assigned
STBPSEL |to. All strobe signals that are enabled and assigned to the same strobe port are combined with a binary OR
operation.

00 assign selected signal to DBGO
01 assign selected signal to DBG1
10 assign selected signal to DBG2
11 assign selected signal to DBG3

Table 3-11. Strobe Signal Mapping (Sheet 1 of 3)

SEL
Description Channel Type Offset' | Reference
dec hex
0 0x00 |poc_startup_state[0] (for coding see PSR0[4])
1 0x01 |poc_startup_state[1] (for coding see PSRO0[5])
2 0x02 |poc_startup_state[2] (for coding see PSRO0[6])
3 0x03 |poc_startup_state[3] (for coding see PSRO0[7]) - value 0 MT start
4 0x04 |poc_state[0] (for coding see PSRO[8])
5 0x05 |poc_state[1] (for coding see PSRO[9])
6 0x06 |poc_state[2] (for coding see PSRO[10])
7 0x07 o A RXD_BG1
channel idle indicator level +5
8 0x08 B RXD_BG2
9 0x09 ) ) o A RXD_BG1
receive data after glitch filtering value +4
10 0x0A B RXD_BG2
11 0x0B o A RXD_BG1
synchronization edge strobe pulse +4
12 0x0C B RXD_BG2
13 0x0D ) A RXD_BG1
header received pulse +4
14 O0xO0E B RXD_BG2
15 OxOF A RXD_BG1
wakeup symbol decoded pulse +5
16 0x10 B RXD_BG2
17 0x11 A RXD_BG1
MTS or CAS symbol decoded pulse +4
18 0x12 B RXD_BG2
19 0x13 A RXD_BG1
frame decoded pulse +4
20 0x14 B RXD_BG2
21 0x15 . A RXD_BG1
channel idle detected pulse +4
22 0x16 B RXD_BG2
23 0x17 L A RXD_BG1
start of communication element detected pulse +4
24 0x18 B RXD_BG2
25 0x19 ) A RXD_BG1
potential frame start channel pulse +4
26 Ox1A B RXD_BG2
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Table 3-11. Strobe Signal Mapping (Sheet 2 of 3)

SEL
Description Channel Type Offset' | Reference
dec hex
27 0x1B . A RXD_BG1
wakeup collision detected pulse +5
28 0x1C B RXD_BG2
29 0x1D A RXD_BG1
content error detected level +4
30 Ox1E B RXD_BG2
31 Ox1F A RXD_BG1
syntax error detected pulse +4
32 0x20 B RXD_BG2
33 0x21 . A TXD_BGt1
start transmission of wakeup pattern pulse -1
34 0x22 B TXD_BG2
35 0x23 o A TXD_BGt1
start transmission of MTS or CAS symbol pulse -1
36 0x24 B TXD_BG2
37 0x25 o A TXD_BG1
start of transmission pulse -1
38 0x26 B TXD_BG2
39 0x27 o A TXD_BGH1
end of transmission pulse -1
40 0x28 B TXD_BG2
41 0x29 | static segment indicator - level 0 MT start
42 0x2A | dynamic segment indicator - level 0 MT start
43 0x2B | symbol window indicator - level 0 MT start
44 0x2C | NIT indicator - level 0 MT start
45 0x2D | action point - pulse -1 TXD_BGt1
46 0x2E |sync calculation complete2 - pulse - -
47 O0x2F |start of offset correction - pulse -2 MT start
48 0x30 |cycle count[0]
49 0x31 |cycle count[1]
50 0x32 |cycle count[2]
- value -2 MT start
51 0x33 |cycle count[3]
52 0x34 |cycle count[4]
53 0x35 | cycle count[5]
54 0x36 |slot count[0]
55 0x37 |slot count[1]
56 0x38 |slot count[2]
57 0x39 |slot count[3]
58 0x3A |slot count[4]
59 0x3B | slot count[5] A value 0 MT start
60 0x3C | slot count[6]
61 0x3D | slot count[7]
62 O0x3E | slot count[8]
63 O0x3F | slot count[9]
64 0x40 |slot count[10]
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SEL Description Channel Type Offset! | Reference
dec hex
65 0x41 |slot count[0]
66 0x42 |slot count[1]
67 0x43 |slot count[2]
68 0x44 | slot count[3]
69 0x45 |slot count[4]
70 0x46 |slot count[5] B value 0 MT start
71 0x47 |slot count[6]
72 0x48 |slot count[7]
73 0x49 |slot count[8]
74 0x4A |slot count[9]
75 0x4B | slot count[10]
76 0x4C |cycle start - pulse 0 MT start
77 0x4D A
slot start pulse 0 MT start
78 Ox4E B
79 0x4F | minislot start - pulse 0 MT start
80 0x50 |arm - value +1 MT start
81 0x51 |mt - value +1 MT start
' Given in PE clock cycles
2 Indicates internal PE event not directly related to FlexRay bus timing
3.3.2.6 Strobe Port Control Register (STBPCR)
0x000A Write: Any Time
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl O 0 0 0 0 0 0 0 0 0 0 0 E 5 5 5
w B | @ | o | @
b | o | b | &
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-5. Strobe Port Control Register (STBPCR)

This register is used to enable aishble the strobe port signals. Each disabled pdtay disabled even
when strobe signals are assigned to it.

Table 3-12. STBPCR Field Descriptions

Field Description
3 Strobe Port 3 Enable — This control bit defines whether the DBG3 port is enabled or disabled.
STB3EN |0 Strobe port DBG3 disabled
1 Strobe port DBG3 enabled
2 Strobe Port 2 Enable — This control bit defines whether the DBG2 port is enabled or disabled.
STB2EN |0 Strobe port DBG2 disabled
1 Strobe port DBG2 enabled
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Table 3-12. STBPCR Field Descriptions (Continued)

Field Description

1 Strobe Port 1 Enable — This control bit defines whether the DBG1 port is enabled or disabled.
STB1EN |0 Strobe port DBG1 disabled
1 Strobe port DBG1 enabled

0 Strobe Port 0 Enable — This control bit defines whether the DBGO port is enabled or disabled.
STBOEN |0 Strobe port DBGO disabled
1 Strobe port DBGO enabled

3.3.2.7 Message Buffer Data Size Register (MBDSR)

0x000C Write:
15 14 13 12 ‘ 11 10 9 8 7 6 5 4 ‘ 3 2 1 0
Rl o 0
W MBSEG2DS MBSEG1DS
Reset 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0

Figure 3-6. Message Buffer Data Size Register (MBDSR)

This register defines the sizetbe message buffer data section for the two message buffer segments in a
number of two-byte entities.

The FlexRay module provides two independegtsents for the individual message buffers. All
individual message buffers within one segment have to have thesgaaier the message buffer data
section. This size can loifferent for the two message buffer segments.

Table 3-13. MBDSR Field Descriptions

Field Description

14-8 Message Buffer Segment 2 Data Size — The field defines the size of the message buffer data section in
MBSEG2DS | two-byte entities for message buffers within the second message buffer segment.

6-0 Message Buffer Segment 1 Data Size — The field defines the size of the message buffer data section in
MBSEG1DS |two-byte entities for message buffers within the first message buffer segment.

3.3.2.8 Message Buffer Segment Size and Utilization Register (MBSSUTR)

0x000E Write:
15 14 13 12 ‘ 11 10 9 8 7 6 5 4 ‘ 3 2 1 0
Rl O 0
W LAST_MB_SEGt1 LAST_MB_UTIL

Reset 0 1 1 1] 1 1 1 1 0 1 1 1] 1 1 1 1
Figure 3-7. Message Buffer Segment Size and Utilization Register (MBSSUTR)

This register is used to define the last individuakssage buffer that belongs to the first message buffer
segment and the number of the laséd individual message buffer.
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Table 3-14. MBSSUTR Field Descriptions

Field

Description

14-8
LAST_MB_SEG1

Last Message Buffer In Segment 1 — This field defines the message buffer number of the last individual
message buffer that is assigned to the first message buffer segment. The individual message buffers in the

first segment correspond to the message buffer control registers MBCCSRn, MBCCFRn, MBFIDRn,

MBIDXRn with n <= LAST_MB_SEG1. The first message buffer segment contains LAST_MB_SEG1+1

individual message buffers.

Note: The first message buffer segment contains at least one individual message buffer.

The individual message buffers in the second message buffer segment correspond to the message buffer

control registers MBCCSRn, MBCCFRn, MBFIDRn, MBIDXRn with LAST_MB_SEG1 < n < 128.

Note: If LAST_MB_SEG1 = 127 all individual message buffers belong to the first message buffer segment
and the second message buffer segment is empty.

6-0 Last Message Buffer Utilized — This field defines the message buffer number of last utilized individual
LAST_MB_UTIL | message buffer. The message buffer search engine examines all individual message buffer with a message
buffer number n <= LAST_MB_UTIL.
Note: If LAST_MB_UTIL=LAST_MB_SEGH1 all individual message buffers belong to the first message
buffer segment and the second message buffer segment is empty.
3.3.2.9 Protocol Operation Control Register (POCR)
0x0014 Write: Normal Mode
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Rl O 0 0 0 0 0 BSY 0 0 0
POCCMD
W| WME EOC_AP ERC_AP |WMC
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-8. Protocol Operation Control Register (POCR)

The application usesithregister to issue
e  protocol control commands
» external clock correction commands

Protocol control commands are issitby writing to the POCMD field. For more iformation on protocol
control commands, se&ection 3.6.2, “Protocol Comi Command Execution”

External clock correction commands are issued by writing to the EOC_ APRA AP fields. For more
information on external clock correction, refeiSection 3.4.11, “External Clock Synchronization”

Table 3-15. POCR Field Descriptions (Sheet 1 of 2)

Field Description
15 Write Mode External Correction — This bit controls the write mode of the EOC_AP and ERC_AP fields.
WME 0 Write to EOC_AP and ERC_AP fields on register write.
1 No write to EOC_AP and ERC_AP fields on register write.
11-10 External Offset Correction Application — This field is used to trigger the application of the external offset
EOC_AP | correction value defined in the Protocol Configuration Register 29 (PCR29).

00 do not apply external offset correction value
01 reserved

10 subtract external offset correction value

11 add external offset correction value
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Table 3-15. POCR Field Descriptions (Sheet 2 of 2)

Field Description

9-8 External Rate Correction Application — This field is used to trigger application of the external rate correction
ERC_AP |value defined in the Protocol Configuration Register 21 (PCR21)
00 do not apply external rate correction value
01 reserved
10 subtract external rate correction value
11 add external rate correction value

7 Protocol Control Command Write Busy — This status bit indicates the acceptance of the protocol control
BSY command issued by the application via the POCCMD field. The FlexRay module sets this status bit when the
application has issued a protocol control command via the POCCMD field. The FlexRay module clears this
status bit when protocol control command was accepted by the PE.When the application issues a protocol
control command while the BSY bit is asserted, the FlexRay module ignores this command, sets the protocol
command ignored error flag PCMI_EF in the CHI Error Flag Register (CHIERFR), and will not change the value
of the POCCMD field.

0 Command write idle, command accepted and ready to receive new protocol command.

WMC 1 Command write busy, command not yet accepted, not ready to receive new protocol command.
Write Mode Command — This bit controls the write mode of the POCCMD field.

0 Write to POCCMD field on register write.

1 Do not write to POCCMD field on register write.

3-0 Protocol Control Command — The application writes to this field to issue a protocol control command to the
POCCMD | PE. The FlexRay module sends the protocol command to the PE immediately. While the transfer is running, the
BSY bit is set.

0000 ALLOW_COLDSTART — Immediately activate capability of node to cold start cluster.
0001 ALL_SLOTS — Delayed' transition to the all slots transmission mode.

0010 CONFIG — Immediately transition to the state.

0011 FREEZE — Immediately transition to the state.

0100 READY, CONFIG_COMPLETE — Immediately transition to the state.
0101 RUN — Immediately transition to the start state.

0110 DEFAULT_CONFIG — Immediately transition to the state.
0111 HALT — Delayed transition to the state

1000 WAKEUP — Immediately initiate the wakeup procedure.
1001 reserved

1010 reserved

1011 reserved

1100 RESET? — Immediately reset the Protocol Engine.
1101 reserved

1110 reserved

1111 reserved

1 Delayed means on completion of current communication cycle.
2 Additional to FlexRay Communications System Protocol Specification, Version 2.1

NOTE

After sending th&aESET command, it is mandatory to execute the
command sequence describe&ecttion 3.6.3, “Protocol Reset Command”
immediately, to reach the DBEILT CONFIG state correctly.
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3.3.2.10 Global Interrupt Flag and Enable Register (GIFER)
0x0016 Write: Normal Mode
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| MIF [PRIF|[CHIF| w | w | & [RBIF|TBIF wo| oW ow
W 5 | B |3 ME |PRE|CHIE| § | @ | &§ |RBIE|TBE
= | & | & = | & | &
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-9. Global Interrupt Flag and Enable Register (GIFER)

This register provides the means to control sofrt@e interrupt requedines and provides the
corresponding interrupt flagghe interrupt flags MIF, PRIF, CHIRBIF, and TBIF are the outcome of a

binary OR of the related individuadterrupt flags and interrupt enablé he generation scheme for these

flags is depicted ifrigure 3-141 For more details on interrupt generation, Seetion 3.4.19, “Interrupt
Support These flags are cleared autoroalty when all of the correspondj interrupt flags or interrupt
enables in the related interrupt flagd enable registers are cleared leyapplication. In tis register the
application can clear only the intept flags WUPIF, FNEBIFand FNEAIF, by writng ‘1’ to each them.
Writing ‘0’ will not change the flagtate. If the application cleardlag and the FlexRay module sets the
flag on the same cycle,ah that flag remains set.

Table 3-16. GIFER Field Descriptions (Sheet 1 of 3)

Field Description
15 Module Interrupt Flag — This flag is set if at least one of the other interrupt flags is in this register is asserted
MIF and the related interrupt enable is asserted, too. The FlexRay module generates the module interrupt request if
MIE is asserted.
0 No interrupt flag is asserted or no interrupt enable is set
1 At least one of the other interrupt flags in this register is asserted and the related interrupt bit is asserted, too
13 Protocol Interrupt Flag — This flag is set if at least one of the individual protocol interrupt flags in the Protocol
PRIF Interrupt Flag Register 0 (PIFR0) and Protocol Interrupt Flag Register 1 (PIFR1) is asserted and the related
interrupt enable flag is asserted, too. The FlexRay module generates the combined protocol interrupt request if
the PRIE flag is asserted.
0 Allindividual protocol interrupt flags are equal to O or no interrupt enable bit is set.
1 Atleast one of the individual protocol interrupt flags and the related interrupt enable is equal to 1.
13 CHI Interrupt Flag — This flag is set if at least one of the individual CHI error flags in the CHI Error Flag
CHIF Register (CHIERFR) is asserted and the chi error interrupt enable GIFER.CHIE is asserted. The FlexRay
module generates the combined CHI error interrupt if the CHIE flag is asserted, too.
0 All CHI error flags are equal to 0 or the chi error interrupt is disabled
1 Atleast one CHI error flag is asserted and chi error interrupt is enabled
12 Wakeup Interrupt Flag — This flag is set when the FlexRay module has received a wakeup symbol on the
WUPIF FlexRay bus. The application can determine on which channel the wakeup symbol was received by reading the
related wakeup flags WUB and WUA in the Protocol Status Register 3 (PSR3). The FlexRay module generates
the wakeup interrupt request if the WUPIE flag is asserted.
0 No wakeup condition or interrupt disabled
1 Wakeup symbol received on FlexRay bus and interrupt enabled
11 Receive FIFO channel B Not Empty Interrupt Flag — This flag is set when the receive FIFO for channel B is
FNEBIF not empty. If the application writes 1 to this bit, the FlexRay module updates the FIFO status, increments or wraps
the FIFO read index in the Receive FIFO B Read Index Register (RFBRIR) and clears the interrupt flag if the
FIFO B is now empty. If the FIFO is still not empty, the FlexRay module sets this flag again. The FlexRay module
generates the Receive FIFO B Not empty interrupt if the FNEBIE flag is asserted.
0 Receive FIFO B is empty or interrupt is disabled
1 Receive FIFO B is not empty and interrupt enabled
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Table 3-16. GIFER Field Descriptions (Sheet 2 of 3)

Field Description
10 Receive FIFO channel A Not Empty Interrupt Flag — This flag is set when the receive FIFO for channel A is
FNEAIF not empty. If the application writes 1 to this bit, the FlexRay module updates the FIFO status, increments or wraps
the FIFO read index in the Receive FIFO A Read Index Register (RFARIR) and clears the interrupt flag if the
FIFO A is now empty. If the FIFO is still not empty, the FlexRay module sets this flag again. The FlexRay module
generates the Receive FIFO A Not empty interrupt if the FNEAIE flag is asserted.
0 Receive FIFO A is empty or interrupt is disabled
1 Receive FIFO A is not empty and interrupt enabled
9 Receive Message Buffer Interrupt Flag — This flag is set if for at least one of the individual receive message
RBIF buffers (MBCCSn.MTD = 0) both the interrupt flag MBIF and the interrupt enable bit MBIE in the corresponding
Message Buffer Configuration, Control, Status Registers (MBCCSRn) are asserted. The application can not
clear this RBIF flag directly. This flag is cleared by the FlexRay module when all of the interrupt flags MBIF of
the individual receive message buffers are cleared by the application or if the application has cleared the
interrupt enables bit MBIE.
0 None of the individual receive message buffers has the MBIF and MBIE flag asserted.
1 Atleast one individual receive message buffer has the MBIF and MBIE flag asserted.
8 Transmit Buffer Interrupt Flag — This flag is set if for at least one of the individual single or double transmit
TBIF message buffers (MBCCSn.MTD = 0) both the interrupt flag MBIF and the interrupt enable bit MBIE in the
corresponding Message Buffer Configuration, Control, Status Registers (MBCCSRn) are equal to ‘1. The
application can not clear this TBIF flag directly. This flag is cleared by the FlexRay module when either all of the
individual interrupt flags MBIF of the individual transmit message buffers are cleared by the application or the
host has cleared the interrupt enables bit MBIE.
0 None of the individual transmit message buffers has the MBIF and MBIE flag asserted.
1 At least one individual transmit message buffer has the MBIF and MBIE flag asserted.
7 Module Interrupt Enable — This flag controls if the module interrupt line is asserted when the MIF flag is set.
MIE 0 Disable interrupt line
1 Enable interrupt line
6 Protocol Interrupt Enable — This flag controls if the protocol interrupt line is asserted when the PRIF flag is set.
PRIE 0 Disable interrupt line
1 Enable interrupt line
5 CHI Interrupt Enable — This flag controls if the CHI interrupt line is asserted when the CHIF flag is set.
CHIE 0 Disable interrupt line
1 Enable interrupt line
4 Wakeup Interrupt Enable — This flag controls if the wakeup interrupt line is asserted when the WUPIF flag is
WUPIE set.
0 Disable interrupt line
1 Enable interrupt line
3 Receive FIFO channel B Not Empty Interrupt Enable — This flag controls if the receive FIFO B interrupt line
FNEBIE is asserted when the FNEBIF flag is set.
0 Disable interrupt line
1 Enable interrupt line
2 Receive FIFO channel A Not Empty Interrupt Enable — This flag controls if the receive FIFO A interrupt line
FNEAIE is asserted when the FNEAIF flag is set.

0 Disable interrupt line
1 Enable interrupt line
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Table 3-16. GIFER Field Descriptions (Sheet 3 of 3)

Field Description

Receive Buffer Interrupt Enable — This flag controls if the receive buffer interrupt line is asserted when the

RBIE RBIF flag is set.

0 Disable interrupt line

1 Enable interrupt line

Transmit Interrupt Enable — This flag controls if the transmit buffer interrupt line is asserted when the TBIF

TBIE flag is set.
0 Disable interrupt line
1 Enable interrupt line

3.3.2.11 Protocol Interrupt Flag Register 0 (PIFRO)
Write: Normal Mode

0x0018
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| w L L L w w T L L L L 5 = w w L
| | | ~ | | = - = w w =
- — L O (@] .| wn Y m < m < | | %)
w E E O & T ) ) X = < X = a o = >
b =z = O = = O = = 5 5 = e O
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-10. Protocol Interrupt Flag Register 0 (PIFRO)

The register holds one set of the protocol related individual interrupt flags. The application clears an
interrupt flag by writing a '1' to it. iting a ‘0’ will not change the stat# the flag. If the application tries
to clear a flag and the FlexRay module sets thisdtage same 3xtime, then that flag remains set.

Table 3-17. PIFRO Field Descriptions (Sheet 1 of 3)

Field Description

15 Fatal Protocol Error Interrupt Flag — This flag is set when the protocol engine has detected a fatal protocol
FATL_IF |error. In this case, the protocol engine goes into the state immediately. The fatal protocol errors are:
1) pLatestTx violation, as described in the MAC process of the FlexRay protocol
2) transmission across slot boundary violation, as described in the FSP process of the FlexRay protocol

0 No such event.
1 Fatal protocol error detected.

14 Internal Protocol Error Interrupt Flag — This flag is set when the protocol engine has detected an internal
INTL_IF protocol error. In this case, the protocol engine goes into the state immediately. An internal protocol
error occurs when the protocol engine has not finished a calculation and a new calculation is requested. This

can be caused by a hardware error.

0 No such event.
1 Internal protocol error detected.

lllegal Protocol Configuration Interrupt Flag — This flag is set when the protocol engine has detected an
state

13
ILCF_IF illegal protocol configuration parameter setting. In this case, the protocol engine goes into the

immediately.
The protocol engine checks the listen_timeout value programmed into the Protocol Configuration Register 14

(PCR14) and Protocol Configuration Register 15 (PCR15) when the CONFIG_COMPLETE command was sent
by the application via the Protocol Operation Control Register (POCR). If the value of listen_timeout is equal to
zero, the protocol configuration setting is considered as illegal.

0 No such event.
1 lllegal protocol configuration detected.
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Table 3-17. PIFRO Field Descriptions (Sheet 2 of 3)

Field Description

12 Cold Start Abort Interrupt Flag — This flag is set when the configured number of allowed cold start attempts
CSA_IF is reached and none of these attempts was successful. The number of allowed cold start attempts is configured
by the coldstart_attempts field in the Protocol Configuration Register 0 (PCRO).

0 No such event.
1 Cold start aborted and no more coldstart attempts allowed.

11 Missing Rate Correction Interrupt Flag — This flag is set when an insufficient number of measurements is
MRC_IF available for rate correction at the end of the communication cycle.
0 No such event
1 Insufficient number of measurements for rate correction detected

10 Missing Offset Correction Interrupt Flag — This flag is set when an insufficient number of measurements is
MOC_IF available for offset correction. This is related to the MISSING_TERM event in the CSP process for offset
correction in the FlexRay protocol.

0 No such event.
1 Insufficient number of measurements for offset correction detected.

9 Clock Correction Limit Reached Interrupt Flag — This flag is set when the internal calculated offset or rate
CCL_IF calculation values have reached or exceeded its configured thresholds as given by the offset _coorection_out
field in the Protocol Configuration Register 9 (PCR9) and the rate_correction_out field in the Protocol
Configuration Register 14 (PCR14).

0 No such event.
1 Offset or rate correction limit reached.

8 Max Sync Frames Detected Interrupt Flag — This flag is set when the number of synchronization frames
MXS_IF | detected in the current communication cycle exceeds the value of the node_sync_max field in the Protocol
Configuration Register 30 (PCR30).

0 No such event.

1 More than node_sync_max sync frames detected.

Note: Only synchronization frames that have passed the synchronization frame acceptance and rejection filters
are taken into account.

7 Media Access Test Symbol Received Interrupt Flag — This flag is set when the MTS symbol was received
MTX_IF on channel A or channel B.
0 No such event.
1 MTS symbol received.

6 pLatestTx Violation on Channel B Interrupt Flag — This flag is set when the frame transmission on channel B
LTXB_IF |in the dynamic segment exceeds the dynamic segment boundary. This is related to the pLatestTx violation, as
described in the MAC process of the FlexRay protocol.

0 No such event.
1 pLatestTx violation occurred on channel B.

5 pLatestTx Violation on Channel A Interrupt Flag — This flag is set when the frame transmission on channel A
LTXA_IF |in the dynamic segment exceeds the dynamic segment boundary. This is related to the pLatestTx violation as
described in the MAC process of the FlexRay protocol.

0 No such event.
1 pLatestTx violation occurred on channel A.

4 Transmission across boundary on channel B Interrupt Flag — This flag is set when the frame transmission
TBVB_IF |on channel B crosses the slot boundary. This is related to the transmission across slot boundary violation as
described in the FSP process of the FlexRay protocol.

0 No such event.
1 Transmission across boundary violation occurred on channel B.
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Table 3-17. PIFRO Field Descriptions (Sheet 3 of 3)

Field Description
3 Transmission across boundary on channel A Interrupt Flag — This flag is set when the frame transmission
TBVA_IF | on channel A crosses the slot boundary. This is related to the transmission across slot boundary violation as
described in the FSP process of the FlexRay protocol.
0 No such event.
1 Transmission across boundary violation occurred on channel A.
2 Timer 2 Expired Interrupt Flag — This flag is set whenever timer 2 expires.
TI2_IF 0 No such event.
1 Timer 2 has reached its time limit.
1 Timer 1 Expired Interrupt Flag — This flag is set whenever timer 1 expires.
TH_IF 0 No such event
1 Timer 1 has reached its time limit
0 Cycle Start Interrupt Flag — This flag is set when a communication cycle starts.
CYS_IF 0 No such event
1 Communication cycle started.
3.3.2.12 Protocol Interrupt Flag Register 1 (PIFR1)
0x001A Write: Normal Mode
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl w w w L w w w w 0 0 L w 0 0 0 0
wl o = w! c_)l o N | o - _
O &) = =~ hm =
7} > )]
rrA I O - I B B I O 7 m | o
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The register holds one set of the protocol related individual interrupt flags. The application clears an

Figure 3-11. Protocol Interrupt Flag Register 1 (PIFR1)

interrupt flag by writing a ‘1’ to it. Witing ‘0’ will not changethe state of the flag. the application clears
a flag while the FlexRay module sets this ffaghe same time, then that flag remains set.

Table 3-18. PIFR1 Field Descriptions (Sheet 1 of 2)

Field Description
15 Error Mode Changed Interrupt Flag — This flag is set when the value of the ERRMODE bit field in the
EMC_IF | Protocol Status Register 0 (PSRO0) is changed by the FlexRay module.
0 No such event.
1 ERRMODE field changed.
14 lllegal Protocol Control Command Interrupt Flag — This flag is set when the PE tries to execute a protocol
IPC_IF control command, which was issued via the POCCMD field of the Protocol Operation Control Register (POCR),
and detects that this protocol control command is not allowed in the current protocol state. In this case the
command is not executed. For more details, see Section 3.6.2, “Protocol Control Command Execution”.
0 No such event.
1 lllegal protocol control command detected.
13 Protocol Engine Communication Failure Interrupt Flag — This flag is set if the FlexRay module has detected
PECF_IF |a communication failure between the protocol engine and the controller host interface
0 No such event.
1 Protocol Engine Communication Failure detected.
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Table 3-18. PIFR1 Field Descriptions (Sheet 2 of 2)

Field Description
12 Protocol State Changed Interrupt Flag — This flag is set when the protocol state in the PROTSTATE field in
PSC_IF the Protocol Status Register 0 (PSRO) has changed.
0 No such event.
1 Protocol state changed.
11-8 Slot Status Counter Incremented Interrupt Flag — Each of these flags is set when the SLOTSTATUSCNT
SSI[3:0]_IF |field in the corresponding Slot Status Counter Registers (SSCR0-SSCRS) is incremented.
0 No such event.
1 The corresponding slot status counter has incremented.
5 Even Cycle Table Written Interrupt Flag — This flag is set if the FlexRay module has written the sync frame
EVT_IF measurement / ID tables into the FRM for the even cycle.
0 No such event.
1 Sync frame measurement table written
4 Odd Cycle Table Written Interrupt Flag — This flag is set if the FlexRay module has written the sync frame
ODT_IF measurement / ID tables into the FRM for the odd cycle.
0 No such event.
1 Sync frame measurement table written
3.3.2.13 Protocol Interrupt Enable Register 0 (PIERO)
0x001C Write: Any Time
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl w L w L L w L w L w w E‘ E‘ w w w
| | | - | [ - \ _ \ \ = = 1
w| - 1 TR < (@) (@) I 9] > a4)] < o < | | )
= E O %) o le) @) x = < P > > o - Nt
|z |2 |0 |=s|s|Oo0|S|=s|HF|HF || B |F|F]|D
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-12. Protocol Interrupt Enable Register 0 (PIERO)

This register defines whetheetimterrupt flags defined in tHerotocol Interrupt Flagregister O (PIFRO)
can generate a interrupt request.

Table 3-19. PIERO Field Descriptions

Field Description
15 Fatal Protocol Error Interrupt Enable — This bit controls FATL_IF interrupt request generation.
FATL_IE |0 interrupt request generation disabled
1 interrupt request generation enabled
14 Internal Protocol Error Interrupt Enable — This bit controls INTL_IF interrupt request generation.
INTL_IE 0 interrupt request generation disabled
1 interrupt request generation enabled
13 lllegal Protocol Configuration Interrupt Enable — This bit controls ILCF_IF interrupt request generation.
ILCF_IE 0 interrupt request generation disabled
1 interrupt request generation enabled
12 Cold Start Abort Interrupt Enable — This bit controls CSA_IF interrupt request generation.
CSA_IE 0 interrupt request generation disabled
1 interrupt request generation enabled
11 Missing Rate Correction Interrupt Enable — This bit controls MRC_IF interrupt request generation.
MRC_IE |0 interrupt request generation disabled
1 interrupt request generation enabled
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Table 3-19. PIERO Field Descriptions (Continued)

Field Description
10 Missing Offset Correction Interrupt Enable — This bit controls MOC_IF interrupt request generation.
MOC_IE |0 interrupt request generation disabled
1 interrupt request generation enabled
9 Clock Correction Limit Reached Interrupt Enable — This bit controls CCL_IF interrupt request generation.
CCL_IE 0 interrupt request generation disabled
1 interrupt request generation enabled
8 Max Sync Frames Detected Interrupt Enable — This bit controls MXS_IF interrupt request generation.
MXS_IE 0 interrupt request generation disabled
1 interrupt request generation enabled
7 Media Access Test Symbol Received Interrupt Enable — This bit controls MTX_IF interrupt request
MTX_IE generation.
0 interrupt request generation disabled
1 interrupt request generation enabled
6 pLatestTx Violation on Channel B Interrupt Enable — This bit controls LTXB_IF interrupt request generation.
LTXB_IE |0 interrupt request generation disabled
1 interrupt request generation enabled
5 pLatestTx Violation on Channel A Interrupt Enable — This bit controls LTXA_IF interrupt request generation.
LTXA_IE |0 interrupt request generation disabled
1 interrupt request generation enabled
4 Transmission across boundary on channel B Interrupt Enable — This bit controls TBVB_IF interrupt request
TBVB_IE |generation.
0 interrupt request generation disabled
1 interrupt request generation enabled
3 Transmission across boundary on channel A Interrupt Enable — This bit controls TBVA_IF interrupt request
TBVA_IE generation.
0 interrupt request generation disabled
1 interrupt request generation enabled
2 Timer 2 Expired Interrupt Enable — This bit controls TI1_IF interrupt request generation.
TI2_IE 0 interrupt request generation disabled
1 interrupt request generation enabled
1 Timer 1 Expired Interrupt Enable — This bit controls TI1_IF interrupt request generation.
TH_IE 0 interrupt request generation disabled
1 interrupt request generation enabled
0 Cycle Start Interrupt Enable — This bit controls CYC_IF interrupt request generation.
CYS_IE 0 interrupt request generation disabled
1 interrupt request generation enabled
3.3.2.14 Protocol Interrupt Enable Register 1 (PIER1)
O0x001E Write: Any Time
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl w w EI L L L L L 0 0 w L 0 0 0 0
| = N 1 1 ~ 1 _\ I
Wl o o |y ) o) 0 = o = =
N > )]
rri I B O 7 7 7 I o | o
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-13. Protocol Interrupt Enable Register 1 (PIER1)
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This register defines whethttre interrupt flags defined iArotocol Interrupt FlagRegister 1 (PIFR19an

generate a interrupt request.
Table 3-20. PIER1 Field Descriptions

Field Description

15 Error Mode Changed Interrupt Enable — This bit controls EMC_IF interrupt request generation.

EMC_IE 0 interrupt request generation disabled
1 interrupt request generation enabled

14 lllegal Protocol Control Command Interrupt Enable — This bit controls IPC_IF interrupt request generation.
IPC_IE 0 interrupt request generation disabled
1 interrupt request generation enabled
13 Protocol Engine Communication Failure Interrupt Enable — This bit controls PECF_IF interrupt request

PECF_IE |generation.
0 interrupt request generation disabled

1 interrupt request generation enabled
12 Protocol State Changed Interrupt Enable — This bit controls PSC_IF interrupt request generation.
PSC_IE 0 interrupt request generation disabled
1 interrupt request generation enabled
11-8 Slot Status Counter Incremented Interrupt Enable — This bit controls SSI[3:0]_IF interrupt request

SSI[3:0]_IE |generation.
0 interrupt request generation disabled

1 interrupt request generation enabled

5 Even Cycle Table Written Interrupt Enable — This bit controls EVT_IF interrupt request generation.
EVT_IE 0 interrupt request generation disabled
1 interrupt request generation enabled

4 Odd Cycle Table Written Interrupt Enable — This bit controls ODT_IF interrupt request generation.
ODT_IE 0 interrupt request generation disabled
1 interrupt request generation enabled

3.3.2.15 CHI Error Flag Register (CHIERFR)

Write: Normal Mode

0x0020
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| w L L L w w L
e o I B I b| 4 h\ h\ Y| i h\ i h| b| b|
W| m < = ) < » L ‘ ! _ w
|z |33 |3|28 |23 |8 |a|g|2|z|z |5 |53
w w a e et = = - a) 0 w a) ] p4 4 =
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-14. CHI Error Flag Register (CHIERFR)

This register holds the CHI related error flags. Tiygliaation can clear any emrfiag by writing a '1' to

it. Writing a ‘0’ will not change the state of thedldf the application clears a flag while the FlexRay
module sets the flag at the same time, then thatdiagins set. The interrupt generation for each of these
error flags is controlled by the Cliiterrupt enable bit CHIE in th@lobal Interrupt Flag and Enable

Register (GIFER)
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Table 3-21. CHIERFR Field Descriptions (Sheet 1 of 2)

Field Description
15 Frame Lost Channel B Error Flag — This flag is set if a complete frame was received on channel B but could
FRLB_EF |not be stored in the selected individual message buffer because this message buffer is currently locked by the
application. In this case, the frame and the related slot status information are lost.
0 No such event
1 Frame lost on channel B detected
14 Frame Lost Channel A Error Flag — This flag is set if a complete frame was received on channel A but could
FRLA_EF |not be stored in the selected individual message buffer because this message buffer is currently locked by the
application. In this case, the frame and the related slot status information are lost.
0 No such error
1 Frame lost on channel A detected
13 Protocol Command Ignored Error Flag — This flag is set if the application has issued a POC command by
PCMI_EF |writing to the POCCMD field in the Protocol Operation Control Register (POCR) while the BSY flag is equal
to “1’. In this case the command is ignored by the FlexRay module and is lost.
0 No such error
1 POC command ignored
12 Receive FIFO Overrun Channel B Error Flag — This flag is set when an overrun of the Receive FIFO for
FOVB_EF |channel B occurred. This error occurs if a semantically valid frame was received on channel B and matches the
all criteria to be appended to the FIFO for channel B but the FIFO is full. In this case, the received frame and its
related slot status information is lost.
0 No such error
1 Receive FIFO overrun on channel B has been detected
11 Receive FIFO Overrun Channel A Error Flag — This flag is set when an overrun of the Receive FIFO for
FOVA_EF |channel A occurred. This error occurs if a semantically valid frame was received on channel A and matches the
all criteria to be appended to the FIFO for channel A but the FIFO is full. In this case, the received frame and its
related slot status information is lost.
0 No such error
1 Receive FIFO overrun on channel B has been detected
10 Message Buffer Search Error Flag — This flag is set if the message buffer search engine is still running while
MSB_EF |the next search cycle must be started due to the FlexRay protocol timing. In this case, not all message buffers
are considered while searching.
0 No such event
1 Search engine active while search start appears
9 Message Buffer Utilization Error Flag — This flag is asserted if the application writes to a message buffer
MBU_EF | control field that is beyond the number of utilized message buffers programmed in the Message Buffer
Segment Size and Utilization Register (VBSSUTR).
If the application writes to a MBCCSRn register with n > LAST_MB_UTIL, the FlexRay module ignores the write
attempt and asserts the message buffer utilization error flag MBU_EF in the CHI Error Flag Register
(CHIERFR).
0 No such event
1 Non-utilized message buffer enabled
8 Lock Error Flag — This flag is set if the application tries to lock a message buffer that is already locked by the
LCK_EF |FlexRay module due to internal operations. In that case, the FlexRay module does not grant the lock to the
application. The application must issue the lock request again.
0 No such error
1 Lock error detected
7 Double Transmit Message Buffer Lock Error Flag — This flag is set if the application tries to lock the transmit
DBL_EF |side of a double transmit message buffer. In this case, the FlexRay module does not grant the lock to the transmit

side of a double transmit message buffer.
0 No such event
1 Double transmit buffer lock error occurred
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Table 3-21. CHIERFR Field Descriptions (Sheet 2 of 2)

Field Description
6 System Bus Communication Failure Error Flag — This flag is set if the FlexRay module was not able to
SBCF_EF |transmit or receive data via the system bus in time. In the case of writing, data is lost; in the case of reading, the
transmission onto the FlexRay bus is stopped for the current slot and resumed in the next slot.
0 No such event
1 System bus communication failure occurred
5 Frame ID Error Flag — This flag is set if the frame ID stored in the message buffer header area differs from the
FID_EF frame ID stored in the message buffer control register.
0 No such error occurred
1 Frame ID error occurred
4 Dynamic Payload Length Error Flag — This flag is set if the payload length written into the message buffer
DPL_EF |header field of a single or double transmit message buffer assigned to the dynamic segment is greater than the
maximum payload length for the dynamic segment as it is configured in the corresponding protocol configuration
register field max_payload_length_dynamic in the Protocol Configuration Register 24 (PCR24).
0 No such error occurred
1 Dynamic payload length error occurred
3 Static Payload Length Error Flag — This flag is set if the payload length written into the message buffer header
SPL_EF |field of a single or double transmit message buffer assigned to the static segment is different from the payload
length for the static segment as it is configured in the corresponding protocol configuration register field
payload_length_static in the Protocol Configuration Register 19 (PCR19).
0 No such error occurred
1 Static payload length error occurred
2 Network Management Length Error Flag — This flag is set if the payload length written into the header
NML_EF |structure of a receive message buffer assigned to the static segment is less than the configured length of the
Network Management Vector as configured in the Network Management Vector Length Register (NMVLR).
In this case the received part of the Network Management Vector will be used to update the Network
Management Vector.
0 No such error occurred
1 Network management length error occurred
1 Network Management Frame Error Flag — This flag is set if a received message in the static segment with a
NMF_EF | Preamble Indicator flag PP asserted has its Null Frame indicator flag NF asserted as well. In this case, the Global
Network Management Registers (see Network Management Vector Registers (NMVR0O-NMVRS5)) are not
updated.
0 No such error occurred
1 Network management frame error occurred
0 lllegal System Memory Access Error Flag — This flag is set if the external system memory subsystem has
ILSA_EF |detected and indicated an illegal system memory access from the FlexRay module. The exact meaning of an
illegal system memory access is defined by the current implementation of the memory subsystem.
0 No such event.
1 lllegal system memory access occurred.
3.3.2.16 Message Buffer Interrupt Vector Register (IBIVEC)
0x0022
15 14 13 12 ‘ 11 10 9 8 7 6 5 4 ‘ 3 2 1 0
R| O TBIVEC 0 RBIVEC
w [ | [ 1 ] [ | [ 1 ]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-15. Message Buffer Interrupt Vector Register (MBIVEC)
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This register indicates the lowest numbered receive message buffer andetbteniombered transmit
message buffer that have their interrupt status flag MBIF and intemapte MBIE bits asserted. This
means that message buffers with lowessage buffer numbers have higher priority.

Table 3-22. MBIVEC Field Descriptions

Field Description

14-8 Transmit Buffer Interrupt Vector — This field provides the number of the lowest numbered enabled transmit
TBIVEC message buffer that has its interrupt status flag MBIF and its interrupt enable bit MBIE set. If there is no transmit
message buffer with the interrupt status flag MBIF and the interrupt enable MBIE bits asserted, the value in this
field is set to 0.

6-0 Receive Buffer Interrupt Vector — This field provides the message buffer number of the lowest numbered
RBIVEC |receive message buffer which has its interrupt flag MBIF and its interrupt enable bit MBIE asserted. If there is
no receive message buffer with the interrupt status flag MBIF and the interrupt enable MBIE bits asserted, the
value in this field is set to 0.

3.3.2.17 Channel A Status Error Counter Register (CASERCR)

0x0024 Additional Reset: RUN Command
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R STATUS_ERR_CNT
w [ [ | L[] L[] L[]

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 3-16. Channel A Status Error Counter Register (CASERCR)

This register provides the channeltss error counter for channel A.& protocol engingenerates a slot
status vector for each static skch dynamic slot, the symbol windowgdahe NIT. The slot status vector
contains the four protocol related error indicator b8S!SyntaxError, vSS!CemtError, vSS!BViolation
andvSS!TxConflictThe FlexRay module increments the countelt Byfor a slot or sgment, at least one
error indicator bit is set to ‘1The counter wraps around after it hegahed the maximum value. For more
information on slot status monitoring, seection 3.4.18, “Slot Status Monitorihg

Table 3-23. CASERCR Field Descriptions

Field Description

15-0 Channel Status Error Counter — This field provides the current value channel status error counter. The
STATUS_ERR_CNT | counter value is updated within the first macrotick of the following slot or segment.

3.3.2.18 Channel B Status Error Counter Register (CBSERCR)

0x0026 Additional Reset: RUN Command
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R STATUS_ERR_CNT
wl [ [ ] L[] L[] L[]

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 3-17. Channel B Status Error Counter Register (CBSERCR)
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This register provides the channeltss error counter for channel B.€lprotocol engine generates a slot
status vector for each static skch dynamic slot, the symbol windowgdahe NIT. The slot status vector

contains the four protoce¢lated error indicator bitsSS!SyntaxErrouSS!ContentErrgvSS!BViolation

andvSS!TxConflictThe FlexRay module increments the countet byfor a slot or sgment, at least one

error bit is set to ‘1’. The counter wraps aroungrait has reached the maximum value. For more
information on slot status monitoring seection 3.4.18, “Slot Status Monitorihg

Table 3-24. CBSERCR Field Descriptions

Field

Description

15-0

Channel Status Error Counter — This field provides the current channel status error count. The counter

STATUS_ERR_CNT | value is updated within the first macrotick of the following slot or segment.

3.3.2.19 Protocol Status Register 0 (PSRO0)
0x0028
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| ERRMODE | SLOTMODE 0 PROTSTATE STARTUPSTATE 0 WAKEUPSTATUS
w [ L[] ]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-18. Protocol Status Register 0 (PSRO0)

This register provides informati@bout the current protocol status.

Table 3-25. PSRO Field Descriptions (Sheet 1 of 2)

Field Description
15-14 Error Mode — protocol related variable: vPOC!ErrorMode. This field indicates the error mode of the protocol.
ERRMODE |00 ACTIVE
01 PASSIVE
10 COMM_HALT
11 reserved
13-12 Slot Mode — protocol related variable: vPOC!SlotMode. This field indicates the slot mode of the protocol.
SLOTMODE |00 SINGLE
01 ALL_PENDING
10 ALL
11 reserved
10-8 Protocol State — protocol related variable: vPOC!State. This field indicates the state of the protocol.
PROTSTATE | 000
001
010
011
100

101
110
111
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Table 3-25. PSRO Field Descriptions (Sheet 2 of 2)

Field

Description

7-4
STARTUP
STATE

Startup State — protocol related variable: vPOC!StartupState. This field indicates the current sub-state of the

startup procedure.

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

reserved
reserved

reserved

reserved
reserved

reserved
reserved

2-0
WAKEUP
STATUS

Wakeup Status — protocol related variable: vPOC!WakeupStatus. This field provides the outcome of the

execution of the wakeup mechanism.

000
001
010
011
100
101
110
111

reserved

RECEIVED_HEADER
RECEIVED_WUP
COLLISION_HEADER
COLLISION_WUP
COLLISION_UNKNOWN
TRANSMITTED

reserved

3.3.2.20

0x002A

Protocol Status Register 1 (PSR1)

14

13

Additional Reset: CSAA, CSP, CPN: RUN Command

12‘11

10

9

8

7

6

5

4 ‘ 3

Write: Normal Mode

2

1 0

CSAA

CSP

REMCSAT

CPN

HHR

FRZ

APTAC

0 0

Figure 3-19. Protocol Status Register 1 (PSR1)

0

0

0

0

0
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Table 3-26. PSR1 Field Descriptions

Field Description

15 Cold Start Attempt Aborted Flag — protocol related event: ‘set coldstart abort indicator in CHI’
CSAA This flag bit is set when the FlexRay modulehas aborted a cold start attempt. The application clears this flag by
writing 1 to it. Writing a 0 will not change the state of the flag. If the application clears the flag while the FlexRay
module sets the flag at the same time, then the flag is not cleared.
0 No such event
1 Cold start attempt aborted

14 Leading Cold Start Path — This status bit is set when the FlexRay module has reached the
CSP state via the leading cold start path. This indicates that this node has started the network
0 No such event
1 reached from state via leading cold start path
12-8 Remaining Coldstart Attempts — protocol related variable: vRemainingColdstartAttempts
REMCSAT | This field provides the number of remaining cold start attempts that the FlexRay module will execute.
7 Leading Cold Start Path Noise — protocol related variable: vPOC!ColdstartNoise
CPN This status bit is set if the FlexRay module has reached the state via the leading cold start

path under noise conditions. This indicates there was some activity on the FlexRay bus while the FlexRay
module was starting up the cluster.
0 No such event

1 state was reached from state via noisy leading cold start path
6 Host Halt Request Pending — protocol related variable: vPOC!CHIHaltRequest
HHR This status bit is set when FlexRay module receives the HALT command from the application via the Protocol
Operation Control Register (POCR). The FlexRay module clears this status bit after a hard reset condition or
when the protocol is in the state.

0 No such event
1 HALT command received

5 Freeze Occurred — protocol related variable: vPOC!Freeze
FRZ This status bit is set when the FlexRay module has reached the state due to the host FREEZE
command or due to an internal error condition requiring immediate halt. The FlexRay module clears this status
bit after a hard reset condition or when the protocol is in the state.

0 No such event
1 Immediate halt due to FREEZE or internal error condition

4-0 Allow Passive to Active Counter — protocol related variable: vPOC!AllowPassivetoActive
APTAC This field provides the number of consecutive even/odd communication cycle pairs that have passed with valid
rate and offset correction terms, but the protocol is still in the state due to an application
configured delay to enter state. This delay is defined by the allow_passive_to_active field in

the Protocol Configuration Register 12 (PCR12). If this APTAC counter has reached its maximum value, it is not
incremented any more.

3.3.2.21 Protocol Status Register 2 (PSR2)

0x002C Additional Reset: RUN Command

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R|NBVB|NSEB|STCB |SBVB |SSEB| MTB |NBVA |NSEA |STCA|SBVA | SSEA| MTA CLKCORRFAILCNT
w ]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-20. Protocol Status Register 2 (PSR2)

This register provides a snapshot of status inédion about the Network Idle Time NIT, the Symbol
Window and the clock synchronizai. The NIT related status bR8VB, NSEB, NBVA, and NSEA are
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updated by the FlexRay module after the end of the NtiTefore the end of the first slot of the next
communication cycle. The Symbol dow related status bits STCBBVB, SSEB, MTB, STCA, SBVA,
SSEB, and MTA are updated by the¥Ray module after the end of the symbol window and before the
end of the current communicationcby. If no symbol windows configured, the symbol window related
status bits remain in their restate. The clock syhconization related CLKCORFAILCNT is updated

by the FlexRay module after the endlué static segment diefore the end of éhcurrent communication
cycle.

Table 3-27. PSR2 Field Descriptions (Sheet 1 of 2)

Field Description

15 NIT Boundary Violation on Channel B — protocol related variable: vSS/BViolation for NIT on channel B
NBVB This status bit is set when there was some media activity on the FlexRay bus channel B at the end of the NIT.
0 No such event
1 Media activity at boundaries detected

14 NIT Syntax Error on Channel B — protocol related variable: vSS!SyntaxError for NIT on channel B
NSEB This status bit is set when a syntax error was detected during NIT on channel B.
0 No such event
1 Syntax error detected

13 Symbol Window Transmit Conflict on Channel B — protocol related variable: vSS!TxConflict for symbol
STCB window on channel B
This status bit is set if there was a transmission conflict during the symbol window on channel B.
0 No such event
1 Transmission conflict detected

12 Symbol Window Boundary Violation on Channel B — protocol related variable: vSS!/BViolation for symbol
SBVB window on channel B
This status bit is set if there was some media activity on the FlexRay bus channel B at the start or at the end of
the symbol window.
0 No such event
1 Media activity at boundaries detected

11 Symbol Window Syntax Error on Channel B — protocol related variable: vSS!SyntaxErrorfor symbol window
SSEB on channel B
This status bit is set when a syntax error was detected during the symbol window on channel B.
0 No such event
1 Syntax error detected

10 Media Access Test Symbol MTS Received on Channel B — protocol related variable: vSS/ValidMTS for
MTB Symbol Window on channel B
This status bit is set if the Media Access Test Symbol MTS was received in the symbol window on channel B.
0 No such event
1 MTS symbol received

9 NIT Boundary Violation on Channel A — protocol related variable: vSS/BViolation for NIT on channel A
NBVA This status bit is set when there was some media activity on the FlexRay bus channel A at the end of the NIT.
0 No such event
1 Media activity at boundaries detected

8 NIT Syntax Error on Channel A — protocol related variable: vSS!/SyntaxError for NIT on channel A
NSEA This status bit is set when a syntax error was detected during NIT on channel A.
0 No such event
1 Syntax error detected
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Table 3-27. PSR2 Field Descriptions (Sheet 2 of 2)

Field Description
7 Symbol Window Transmit Conflict on Channel A — protocol related variable: vSS!/TxConflict for symbol
STCA window on channel A
This status bit is set if there was a transmission conflicts during the symbol window on channel A.
0 No such event
1 Transmission conflict detected
6 Symbol Window Boundary Violation on Channel A — protocol related variable: vSS!BViolation for symbol
SBVA window on channel A
This status bit is set if there was some media activity on the FlexRay bus channel A at the start or at the end of
the symbol window.
0 No such event
1 Media activity at boundaries detected
5 Symbol Window Syntax Error on Channel A — protocol related variable: vSS!SyntaxErrorfor symbol window
SSEA on channel A
This status bit is set when a syntax error was detected during the symbol window on channel A.
0 No such event
1 Syntax error detected
4 Media Access Test Symbol MTS Received on Channel A — protocol related variable: vSS!/ValidMTS for
MTA symbol window on channel A
This status bit is set if the Media Access Test Symbol MTS was received in the symbol window on channel A.
1 MTS symbol received
0 No such event
3-0 Clock Correction Failed Counter — protocol related variable: vClockCorrectionFailed
CLKCORR- | This field provides the number of consecutive even/odd communication cycle pairs that have passed without
FAILCNT | clock synchronization having performed an offset or a rate correction due to lack of synchronization frames. It is
not incremented when it has reached the configured value of either max_without_clock_correction_fatal or
max_without_clock_correction_passive as defined in the Protocol Configuration Register 8 (PCR8). The
FlexRay module resets this counter on a hard reset condition, when the protocol enters the
state, or when both the rate and offset correction terms have been calculated successfully.
3.3.2.22 Protocol Status Register 3 (PSR3)
0x002E Additional Reset: RUN Command Write: Normal Mode
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl O 0 0 0
W WUB | ABVB | AACB | ACEB | ASEB | AVFB WUA | ABVA | AACA | ACEA | ASEA | AVFA
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-21. Protocol Status Register 3 (PSR3)

This register provides aggregated channel status informegian accrued status of channel activity for
all communication slots, gardless of whether they are assijf@ transmission or subscribed for
reception. It provides accrued information for theabgl window, the NIT, and the wakeup status. The
application can clear any flag at any time by writnd' to it. Writing a ‘0’ willnot change the flag state.
If the application tries to clear a flag while the Ra&y module sets the flag at the same time, then that
flag is not cleared.
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Table 3-28. PSR3 Field Descriptions (Sheet 1 of 2)

Field Description

13 Wakeup Symbol Received on Channel B — This flag is set when a wakeup symbol was received on
wuB channel B.
0 No wakeup symbol received
1 Wakeup symbol received

12 Aggregated Boundary Violation on Channel B — This flag is set when a boundary violation has been
ABVB detected on channel B. Boundary violations are detected in the communication slots, the symbol window, and
the NIT.

0 No boundary violation detected
1 Boundary violation detected

11 Aggregated Additional Communication on Channel B — This flag is set when at least one valid frame was
AACB received on channel B in a slot that also contained an additional communication with either syntax error, content
error, or boundary violations.

0 No additional communication detected
1 Additional communication detected

10 Aggregated Content Error on Channel B — This flag is set when a content error has been detected on
ACEB channel B. Content errors are detected in the communication slots, the symbol window, and the NIT.
0 No content error detected
1 Content error detected

9 Aggregated Syntax Error on Channel B — This flag is set when a syntax error has been detected on
ASEB channel B. Syntax errors are detected in the communication slots, the symbol window and the NIT.
0 No syntax error detected
1 Syntax errors detected

8 Aggregated Valid Frame on Channel B — This flag is set when a syntactically correct valid frame has been
AVFB received in any static or dynamic slot through channel B.
1 At least one syntactically valid frame received
0 No syntactically valid frames received

5 Wakeup Symbol Received on Channel A — This flag is set when a wakeup symbol was received on
WUA channel A.
0 No wakeup symbol received
1 Wakeup symbol received

4 Aggregated Boundary Violation on Channel A — This flag is set when a boundary violation has been
ABVA detected on channel A. Boundary violations are detected in the communication slots, the symbol window, and
the NIT.

0 No boundary violation detected
1 Boundary violation detected

3 Aggregated Additional Communication on Channel A — This flag is set when a valid frame was received in
AACA a slot on channel A that also contained an additional communication with either syntax error, content error, or
boundary violations.

0 No additional communication detected
1 Additional communication detected

2 Aggregated Content Error on Channel A — This flag is set when a content error has been detected on
ACEA channel A. Content errors are detected in the communication slots, the symbol window, and the NIT.
0 No content error detected
1 Content error detected
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Table 3-28. PSR3 Field Descriptions (Sheet 2 of 2)

Field Description
1 Aggregated Syntax Error on Channel A — This flag is set when a syntax error has been detected on channel
ASEA A. Syntax errors are detected in the communication slots, the symbol window, and the NIT.
0 No syntax error detected
1 Syntax errors detected
0 Aggregated Valid Frame on Channel A — This flag is set when a syntactically correct valid frame has been
AVFA received in any static or dynamic slot through channel A.
0 No syntactically valid frames received
1 At least one syntactically valid frame received
3.3.2.23 Macrotick Counter Register (MTCTR)
0x0030
15 14 13 12‘11 10 9 8‘7 6 5 4‘3 2 1 0
R| O 0 MTCT
w | [ 1 ] [ 1] [ 1 ]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-22. Macrotick Counter Register (MTCTR)

This register provides the macrotiakunt of the currentommunication cycle.

Table 3-29. MTCTR Field Descriptions

Field Description

13-0 Macrotick Counter — protocol related variable: vMacrotick

MTCT This field provides the macrotick count of the current communication cycle.
3.3.2.24 Cycle Counter Register (CYCTR)
0x0032

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

R| O 0 0 0 0 0 0 0 0 0 CYCCNT

w | 1]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-23. Cycle Counter Register (CYCTR)

This register provides the numbertbé current communication cycle.

Table 3-30. CYCTR Field Descriptions

Field Description
5-0 Cycle Counter — protocol related variable: vCycleCounter
CYCCNT | This field provides the number of the current communication cycle. If the counter reaches the maximum value of

63, the counter wraps and starts from zero again.

MFR4300 Data Sheet, Rev. 3

94

Freescale Semiconductor




FlexRay Module (FLEXRAYV2)

3.3.2.25 Slot Counter Channel A Register (SLTCTAR)

0x0034
15 14 13 12 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
Rl O 0 0 0 0 SLOTCNTA
w [ [ [ T ]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-24. Slot Counter Channel A Register (SLTCTAR)

This register provides the numbertbé current slot in the currecommunication cycle for channel A.
Table 3-31. SLTCTAR Field Descriptions

Field Description
10-0 Slot Counter Value for Channel A — protocol related variable: vSlotCounter for channel A
SLOTCNTA | This field provides the number of the current slot in the current communication cycle.

3.3.2.26 Slot Counter Channel B Register (SLTCTBR)

0x0036
15 14 13 12 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
Rl O 0 0 0 0 SLOTCNTB
w [ [ [ T ]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-25. Slot Counter Channel B Register (SLTCTBR)

This register provides the numbertbé current slot in the currecommunication cycle for channel B.
Table 3-32. SLTCTBR Field Descriptions

Field Description
10-0 Slot Counter Value for Channel B — protocol related variable: vSlotCounter for channel B
SLOTCNTA | This field provides the number of the current slot in the current communication cycle.

3.3.2.27 Rate Correction Value Register (RTCORVR)

0x0038 Additional Reset: RUN Command
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R RATECORR
wl [ [ ] | L[] L[]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-26. Rate Correction Value Register (RTCORVR)

This register provides the sign exteddate correction value microticks as it wasalculated by the clock
synchronization algorithm. The FlexRay module upsi#ités register during the NIT of each odd
numbered communication cycle.
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Table 3-33. RTCORVR Field Descriptions

Field Description
15-0 Rate Correction Value — protocol related variable: vRateCorrection (before value limitation and external rate
RATECORR | correction)
This field provides the sign extended rate correction value in microticks as it was calculated by the clock
synchronization algorithm. The value is represented in 2’'s complement format. This value does not include the
value limitation and the application of the external rate correction. If the magnitude of the internally calculated
rate correction value exceeds the limit given by rate_correction_out in the Protocol Configuration Register 13
(PCR13), the clock correction reached limit interrupt flag CCL_IF is set in the Protocol Interrupt Flag Register O
(PIFRO).
Note: If the FlexRay module was not able to calculate a new rate correction term due to a lack of synchronization
frames, the RATECORR value is not updated.
3.3.2.28 Offset Correction Value Register (OFCORVR)
0x003A Additional Reset: RUN Command
15 14 13 12‘11 10 9 8‘7 6 5 4‘3 2 1 0
R OFFSETCORR
w [ | [ 1 ] [ 1 ] [ 1 ]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-27. Offset Correction Value Register (OFCORVR)

This register provides the sign extedddffset correction value in midrcks as it was calculated by the
clock synchronization algorithm. The FlexRapdule updates this register during the NIT.

Table 3-34. OFCORVR Field Descriptions

Field Description
15-0 Offset Correction Value — protocol related variable: vOffsetCorrection (before value limitation and external
OFFSET- | offset correction)

CORR This field provides the sign extended offset correction value in microticks as it was calculated by the clock
synchronization algorithm. The value is represented in 2’'s complement format. This value does not include the
value limitation and the application of the external offset correction. If the magnitude of the internally calculated
rate correction value exceeds the limit given by offset_correction_out field in the Protocol Configuration Register
29 (PCR29), the clock correction reached limit interrupt flag CCL_IF is set in the Protocol Interrupt Flag
Register 0 (PIFRO).

Note: If the FlexRay module was not able to calculate an new offset correction term due to a lack of
synchronization frames, the OFFSETCORR value is not updated.
3.3.2.29 Combined Interrupt Flag Register (CIFRR)
0x003C
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R L L 5
0 0 0 0 0 0 0 0 MIF | PRIF | CHIF % 0 % | RBIF | TBIF
= | & | E
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-28. Combined Interrupt Flag Register (CIFRR)
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This register provides five combined interrupt #amd a copy of three individual interrupt flags. The
combined interrupt flags are the resafla binary OR of the values ofher interrupt flags regardless of
the state of the interrupt enable bitke generation scheme for the coneliterrupt flags is depicted in
Figure 3-143 The individual interrupt flags WUPIF, FNBHB and FNEAIF are copies of corresponding
flags in theGlobal Interrupt Flag anBnable Register (GIFER)nd are provided here to simplify the
application interrupt flag check. To clear the indival interrupt flags, thapplication must use tl&lobal
Interrupt Flag and Enable Register (GIFER)

NOTE

The meanings of the five combinedtsis bits MIF, PRIF, CHIF, RBIF, and
TBIF are different from those mentioned in tAwbal Interrupt Flag and
Enable Register (GIFER)

Table 3-35. CIFRR Field Descriptions

Field Description
7 Module Interrupt Flag — This flag is set if there is at least one interrupt source that has its interrupt flag
MIF asserted.

0 No interrupt source has its interrupt flag asserted
1 Atleast one interrupt source has its interrupt flag asserted

6 Protocol Interrupt Flag — This flag is set if at least one of the individual protocol interrupt flags in the Protocol
PRIF Interrupt Flag Register 0 (PIFRO0) or Protocol Interrupt Flag Register 1 (PIFR1) is equal to 1.
0 Allindividual protocol interrupt flags are equal to 0
1 Atleast one of the individual protocol interrupt flags is equal to 1

5 CHI Interrupt Flag — This flag is set if at least one of the individual CHI error flags in the CHI Error Flag
CHIF Register (CHIERFR) is equal to 1.
0 All CHI error flags are equal to 0
1 Atleast one CHI error flag is equal to 1

4 Wakeup Interrupt Flag — Copy of GIFER.WUPIF
WUPIF
3 Receive FIFO channel B Not Empty Interrupt Flag — Copy of GIFER.FNEBIF
FNEBIF
2 Receive FIFO channel A Not Empty Interrupt Flag — Copy of GIFER.FNEAIF
FNEAIF
1 Receive Message Buffer Interrupt Flag — This flag is set if for at least one of the individual receive message

RBIF buffers (MBCCSn.MTD = 0) the interrupt flag MBIF in the corresponding Message Buffer Configuration,
Control, Status Registers (MBCCSRNn) is equal to 1.

0 None of the individual receive message buffers has the MBIF flag asserted.

1 Atleast one individual receive message buffers has the MBIF flag asserted.

0 Transmit Message Buffer Interrupt Flag — This flag is set if for at least one of the individual single or double
TBIF transmit message buffers (MBCCSn.MTD = 1) the interrupt flag MBIF in the corresponding Message Buffer
Configuration, Control, Status Registers (MBCCSRn) is equal to 1.

0 None of the individual transmit message buffers has the MBIF flag asserted.
1 At least one individual transmit message buffers has the MBIF flag asserted.
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3.3.2.30 Sync Frame Counter Register (SFCNTR)

0x0040 Additional Reset: RUN Command
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R SFEVB SFEVA SFODB SFODA
w [ [ ] | | |
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-29. Sync Frame Counter Register (SFCNTR)

This register provides thumber of synchronization fraea that are used foradk synchronization in the
last even and in the last odd numbered communicaticle.cyhis register is upded after the NIT start

and before 10 MT aftaesffset correction start.

NOTE

If the application has locked the ev@mchronization table at the end of the
static segment of an even commutimacycle, the FlexRay module will
not update the fields SFEVB and SFEVA.

If the application has locked the oddsiironization table at the end of the
static segment of an odd communicatiguole, the FlexRay module will not
update the values SFODB and SFODA.

Table 3-36. SFCNTR Field Descriptions

Field Description
15-12 Sync Frames Channel B, even cycle — protocol related variable: size of (vsSyncldListB for even cycle)
SFEVB This field provides the size of the internal list of frame IDs of received synchronization frames used for clock
synchronization.
11-8 Sync Frames Channel A, even cycle — protocol related variable: size of (vsSyncldListA for even cycle)
SFEVB This field provides the size of the internal list of frame IDs of received synchronization frames used for clock
synchronization.
7-4 Sync Frames Channel B, odd cycle — protocol related variable: size of (vsSyncldListB for odd cycle)
SFODB This field provides the size of the internal list of frame IDs of received synchronization frames used for clock
synchronization.
3-0 Sync Frames Channel A, odd cycle — protocol related variable: size of (vsSyncldListA for odd cycle)
SFODA This field provides the size of the internal list of frame IDs of received synchronization frames used for clock
synchronization.
3.3.2.31 Sync Frame Table Offset Register (SFTOR)
0x0042 Write:
15 14 13 12‘11 10 9 8‘7 6 5 4‘3 2 1 0
R 0
SFT_OFFSET[15:1]
W
Rest 0 0 ©0 o0 0 o0 o0 o0oJ[o0o o0 0 OO0 0 0 O

Figure 3-30. Sync Frame Table Offset Register (SFTOR)

This register defines the FRMIated offset for Sync Franlables. For more details, sBection 3.4.12,
“Sync Frame ID and Syrierame Deviation Tablés
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Table 3-37. SFTOR Field Description

Field Description
15-1 Sync Frame Table Offset — Offset of the Sync Frame Tables in the FRM. This offset is required to be 16-bit
SFTOR aligned. Thus STF_OFFSET[0] is always O.

3.3.2.32 Sync Frame Table Configuration, Control, Status Register (SFTCCSR)

0x0044 Write: Normal Mode
15 14 13 12 ‘ 11 10 9 8 7 6 5 4 3 2 1 0
R| O 0 CYCNUM ELKS |OLKS| EVAL |[OVAL| O 0 E 5
>
WI ELKT | OLKT opT| & | 8
%) n
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-31. Sync Frame Table Configuration, Control, Status Register (SFTCCSR)

This register provides configurati, control, and status informatioglated to the generation and access
of the clock sync ID Tables and clock syneasurement tables. For a detailed description, see
Section 3.4.12, “Sync Frame ID aBg¢nc Frame Deviation Tables

Table 3-38. SFTCCSR Field Descriptions (Sheet 1 of 2)

Field Description
15 Even Cycle Tables Lock/Unlock Trigger — This trigger bit is used to lock and unlock the even cycle tables.
ELKT 0 No effect
1 Triggers lock/unlock of the even cycle tables.
14 Odd Cycle Tables Lock/Unlock Trigger — This trigger bit is used to lock and unlock the odd cycle tables.
OLKT 0 No effect
1 Triggers lock/unlock of the odd cycle tables.
13-8 Cycle Number — This field provides the number of the cycle in which the currently locked table was
CYCNUM recorded. If none or both tables are locked, this value is related to the even cycle table.
7 Even Cycle Tables Lock Status — This status bit indicates whether the application has locked the even
ELKS cycle tables.
0 Application has not locked the even cycle tables.
1 Application has locked the even cycle tables.
6 Odd Cycle Tables Lock Status — This status bit indicates whether the application has locked the odd cycle
OLKS tables.
0 Application has not locked the odd cycle tables.
1 Application has locked the odd cycle tables.
5 Even Cycle Tables Valid — This status bit indicates whether the Sync Frame ID and Sync Frame Deviation
EVAL Tables for the even cycle are valid. The FlexRay module clears this status bit when it starts updating the
tables, and sets this bit when it has finished the table update.
0 Tables are not valid (update is ongoing)
1 Tables are valid (consistent).
4 Odd Cycle Tables Valid — This status bit indicates whether the Sync Frame ID and Sync Frame Deviation
OVAL Tables for the odd cycle are valid. The FlexRay module clears this status bit when it starts updating the tables,
and sets this bit when it has finished the table update.
0 Tables are not valid (update is ongoing)
1 Tables are valid (consistent).
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Table 3-38. SFTCCSR Field Descriptions (Sheet 2 of 2)

Field Description
2 One Pair Trigger — This trigger bit controls whether the FlexRay module writes continuously or only one pair
OPT of Sync Frame Tables into the FRM.
If this trigger is set to ‘1’ while SDVEN or SIDEN is set to ‘1’, the FlexRay module writes only one pair of the
enabled Sync Frame Tables corresponding to the next even-odd-cycle pair into the FRM. In this case, the
FlexRay module clears the SDVEN or SIDEN bits immediately.
If this trigger is set to ‘0’ while SDVEN or SIDEN is set to ‘1’, the FlexRay module writes continuously the
enabled Sync Frame Tables into the FRM.
0 Write continuously pairs of enabled Sync Frame Tables into FRM.
1 Write only one pair of enabled Sync Frame Tables into FRM.
1 Sync Frame Deviation Table Enable — This bit controls the generation of the Sync Frame Deviation Tables.
SDVEN The application must set this bit to request the FlexRay module to write the Sync Frame Deviation Tables into
the FRM.
0 Do not write Sync Frame Deviation Tables
1 Write Sync Frame Deviation Tables into FRM
Note: If the application sets SDVEN to ‘1’, then the application must set SIDEN to ‘1’ too.
0 Sync Frame ID Table Enable — This bit controls the generation of the Sync Frame ID Tables. The
SIDEN application must set this bit to ‘1’ to request the FlexRay module to write the Sync Frame ID Tables into the
FRM.
0 Do not write Sync Frame ID Tables
1 Write Sync Frame ID Tables into FRM
3.3.2.33 Sync Frame ID Rejection Filter Register (SFIDRFR)
0x0046 16-bit write access required Write: Normal Mode
15 14 13 12 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R| O 0 0 0 0 0
SYNFRID
w
Reset 0 0 0 0 0 0 0 o] o 0 0 o] o 0 0 0

This register defines the/Bc Frame Rejection FiltéD. The application must uptiathis register outside
of the static segment. If the applton updates this register in the staegment, it can appear that the

Figure 3-32. Sync Frame ID Rejection Filter Register (SFIDRFR)

FlexRay module accepts the syfreme in the current cycle.

Table 3-39. SFIDRFR Field Descriptions

Field Description
9-0 Sync Frame Rejection ID — This field defines the frame ID of a frame that must not be used for clock
SYNFRID | synchronization. For details see Section 3.4.15.2, “Sync Frame Rejection Filtering”.
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3.3.2.34 Sync Frame ID Acceptance Filter Value Register (SFIDAFVR)

0x0048 Write:
15 14 13 12 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
Rl o 0 0 0 0 0
FVAL
w
Reset 0 0 0 0 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0

Figure 3-33. Sync Frame ID Acceptance Filter Value Register (SFIDAFVR)

This register defines the sync frame accemditier value. For details on filtering, s8ection 3.4.15,

“Sync Frame Filteringy
Table 3-40. SFIDAFVR Field Descriptions

Field Description
9-0 Filter Value — This field defines the value for the sync frame acceptance filtering.
FVAL

3.3.2.35 Sync Frame ID Acceptance Filter Mask Register (SFIDAFMR)

0x004A Write:
15 14 13 12 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R[ o 0 0 0 0 0
FMSK
W
Reset 0 0 0 0 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0

Figure 3-34. Sync Frame ID Acceptance Filter Mask Register (SFIDAFMR)

This register defines the sync frame accegdilter mask. For details on filtering s8ection 3.4.15.1,

“Sync Frame Acceptance Filtering”
Table 3-41. SFIDAFMR Field Descriptions

Field Description
9-0 Filter Mask — This field defines the mask for the sync frame acceptance filtering.
FMSK
3.3.2.36 Network Management Vector Registers (NMVR0-NMVR5)
0x004C, 0x004E, 0x0050, 0x0052, 0x0054, 0x0056
15 14 13 12 ‘ 11 10 9 8 7 6 5 4 ‘ 3 2 1 0
R NMVP[15:8] NMVP[7:0]
w [ 1 ] |
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-35. Network Management Vector Registers (NMVR0O-NMVR5)

Each of these six registers hotuee part of the Network Managemafgctor. The length of the Network
Management Vector is configured in thetwork Management Vector Length Register (NMVLR)
NMVLR is programmed with a vaduthat is less than 12 bytes, the remaining bytes diefwork
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Management Vector Registers (NMVRO-NMVR®ich are not used for the Network Management
Vector accumulating, will remain O’s.

The NMVR provides accrued information over all received NMVs in thec@simunication cycle. All
NMVs received in one cycle are ORed into MMVR. The NMVR is updated at the end of the
communication cycle.

Table 3-42. NMVR[0:5] Field Descriptions

Field Description

15-0 Network Management Vector Part — The mapping between the Network Management Vector Registers
NMVP (NMVRO-NMVR5) and the receive message buffer payload bytes in NMV[0:11] is depicted in Table 3-43.

Table 3-43. Mapping of NMVRn to the Received Payload Bytes NMVn

NMVRn Register NMVn Received Payload
NMVRO0.NMVP[15:8] NMVO
NMVRO.NMVP[7:0] NMV1
NMVR1.NMVP[15:8] NMV2
NMVR1.NMVP[7:0] NMV3
NMVR5.NMVP[15:8] NMV10
NMVR5.NMVP[7:0] NMV11

3.3.2.37 Network Management Vector Length Register (NMVLR)

0x0058 Write:
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl O 0 0 0 0 0 0 0 0 0 0 0
NMVL
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-36. Network Management Vector Length Register (NMVLR)

This register defines the length oéthetwork management vector in bytes.
Table 3-44. NMVLR Field Descriptions

Field Description

3-0 Network Management Vector Length — protocol related variable: gNetworkManagementVectorLength
NMVL This field defines the length of the Network Management Vector in bytes. Legal values are between 0 and 12.

MFR4300 Data Sheet, Rev. 3

102 Freescale Semiconductor



FlexRay Module (FLEXRAYV2)

3.3.2.38 Timer Configuration and Control Register (TICCR)
0x005A Write: T2_CFG:
Write: T2_REP, T1_REP, T1SP, T2SP, T1TR, T2TR: Normal Mode
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl O 0 O] o 0 0 0 T2ST| O 0 0 0 0 0 T1ST
Lo od TI_
w o &' T2SP | T2TR REP T1SP | T1TR
|_
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-37. Timer Configuration and Control Register (TICCR)

This register is used to configure and colntine timers T1 and T2. For timer details, Ssetion 3.4.17,
“Timer Support” Timer T1 is an absolute timer. Timer T2 danconfigured as an absolute or relative

timer.

Table 3-45. TICCR Field Descriptions

Field Description
13 Timer T2 Configuration — This bit configures the timebase mode of Timer T2.
T2_CFG |0 T2is absolute timer.
1 T2 s relative timer.
12 Timer T2 Repetitive Mode — This bit configures the repetition mode of Timer T2.
T2_REP 0 T2 is non repetitive
1 T2 is repetitive
10 Timer T2 Stop — This trigger bit is used to stop timer T2.
T2SP 0 no effect
1 stop timer T2
9 Timer T2 Trigger — This trigger bit is used to start timer T2.
T2TR 0 no effect
1 start timer T2
8 Timer T2 State — This status bit provides the current state of timer T2.
T2ST 0 timer T2 is idle
1 timer T2 is running
4 Timer T1 Repetitive Mode — This bit configures the repetition mode of timer T1.
T1_REP |0 T1 is non repetitive
1 T1 is repetitive
2 Timer T1 Stop — This trigger bit is used to stop timer T1.
T1SP 0 no effect
1 stop timer T1
1 Timer T1 Trigger — This trigger bit is used to start timer T1.
T1TR 0 no effect
1 start timer T1
0 Timer T1 State — This status bit provides the current state of timer T1.
T1ST 0 timer T1 isidle
1 timer T1 is running

NOTE

Both timers are deactivated immedigtelhen the protocol enters a state
different from or
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3.3.2.39 Timer 1 Cycle Set Register (TI1TCYSR)

0x005C Write: Any Time
15 14 13 12 ‘ 1 10 9 8 7 6 5 4 ‘ 3 2 1 0
Rl o 0 0 0
W T1_CYC_VAL T1_CYC_MSK
Reset 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0

Figure 3-38. Timer 1 Cycle Set Register (TI1CYSR)

This register defines the cycle filtealue and the cycle filter mask fiomer T1. For a detailed description
of timer T1, refer t&Section 3.4.17.1, “Absolute Timer T.1”

Table 3-46. TI1ICYSR Field Descriptions

Field Description
13-8 Timer T1 Cycle Filter Value — This field defines the cycle filter value for timer T1.
T1_CYC_VAL
5-0 Timer T1 Cycle Filter Mask — This field defines the cycle filter mask for timer T1.
T1_CYC_MSK
NOTE

If this register is modified while timer is running, the change becomes
effective immediately.

3.3.2.40 Timer 1 Macrotick Offset Register (TIIMTOR)

0x005E Write: Any Time

15 14 13 12‘11 10 9 8‘7 6 5 4‘3 2 1 0

T1_MTOFFSET

Reset 0 0 0 ©0 0 o0 o0 o0oJ[o0o o o0 ©0]o0 0 o0 O
Figure 3-39. Timer 1 Macrotick Offset Register (TI1MTOR)

This register holds the macrotick adfssalue for timer T1. For a detailddscription of timer T1, refer to
Section 3.4.17.1, “Absolute Timer T.1”

Table 3-47. THMTOR Field Descriptions

Field Description

13-0 Timer 1 Macrotick Offset — This field defines the macrotick offset value for timer 1.
T1_MTOFFSET

NOTE

If the application modifies the value in this register while the timer is
running, the change beconeftective immediately antimer T1 will expire
according to the changed value.
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3.3.2.41 Timer 2 Configuration Register 0 (TI2CRO)

0x0060 Write: Any Time
15 14 13 12 ‘ 11 10 9 8 7 6 5 4 3 2 1 0
Rl O 0 0 0
W T2_CYC_VAL T2_CYC_MSK
R
W T2_MTCNT[31:16]

Reset 0 0 0 ©0 0 o0 o0 o0J[o0o o o0 O] o0 0 0 O
Figure 3-40. Timer 2 Configuration Register 0 (TI2CRO0)

The content of this register depemdshe value of the T2_CFG bit in thiener Configuration and Control
Register (TICCR)For a detailed description of timer T2, refeStection 3.4.17.2, “Absolute / Relative
Timer T2".

Table 3-48. TI2CRO Field Descriptions

Field Description
Fields for absolute timer T2 (TICCR.T2_CFG = ‘0’)
13-8 Timer T2 Cycle Filter Value — This field defines the cycle filter value for timer T2.
T2_CYC_VAL
5-0 Timer T2 Cycle Filter Mask — This field defines the cycle filter mask for timer T2.
T2_CYC_MSK
Fields for relative timer T2 (TICCR.T2_CFG = ‘1’)
15-0 Timer T2 Macrotick High Word — This field defines the high word of the macrotick count for timer T2.
T2_MTCNT[31:16]

NOTE
If timer T2 is configured as aabsolutetimer and the apation modifies
the values in this register whilegthimer is running, the change becomes
effective immediately and timer Mill expire according to the changed
values.

If timer T2 is configured as@lativetimer and the apigation changes the
values in this register while thiener is running, the change becomes
effective when the timer has expired according to the old values.
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3.3.2.42 Timer 2 Configuration Register 1 (TI2CR1)

0x0062 Write: Any Time
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 3 2 1 0
Rl O 0
T2_MTOFFSET
w
R
T2_MTCNT[15:0]
w

Reset 0 0 0 o0 0 o0 o0 o0J[o0o o o0 0|0 0 0 O
Figure 3-41. Timer 2 Configuration Register 1 (TI2CR1)

The content of this register depemdshe value of the T2_CFG bit in thener Configuration and Control
Register (TICCR)For a detailed description of timer T2, refeStection 3.4.17.2, “Absolute / Relative

Timer T2".
Table 3-49. TI2CR1 Field Descriptions

Field Description
Fields for absolute timer T2 (TICCR.T2_CFG =‘0’)
13-0 Timer T2 Macrotick Offset — This field holds the macrotick offset value for timer T2.

T2_MTOFFSET

Fields for relative timer T2 (TICCR.T2_CFG = ‘1)

15-0 Timer T2 Macrotick Low Word — This field defines the low word of the macrotick value for timer T2.
T2_MTCNT[15:0]

NOTE
If timer T2 is configured as aabsolutetimer and the apation modifies
the values in this register whilegthimer is running, the change becomes
effective immediately and ¢éhttimer T2 will expireaccording to the changed
values.

If timer T2 is configured asmlativetimer and the apigation changes the
values in this register while thiener is running, the change becomes
effective when the timer has expired according to the old values.

3.3.2.43 Slot Status Selection Register (SSSR)

0x0064 16-bit write access required Write: Any Time
15 14 13 12 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R| O 0 0
SEL SLOTNUMBER
W| WMD
Reset 0 0 0 0 0 0 0 0o 0 0 0 0o 0 0 0 0

Figure 3-42. Slot Status Selection Register (SSSR)

This register is used to access thur internal non menng-mapped slot status selection registers SSSRO
to SSSR3. Each internal registerestd a slot, or symbalindow/NIT, whose statugector will be saved
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in the correspondin§lot Status Registers (SSRO-SSR@g¢ording torable 3-51 For a detailed
description of slot status monitoring, refefSection 3.4.18, “Slot Status Monitorihg

Table 3-50. SSSR Field Descriptions

Field Description
15 Write Mode — This control bit defines the write mode of this register.
WMD 0 Write to all fields in this register on write access.
1 Write to SEL field only on write access.
13-12 Selector — This field selects one of the four internal slot status selection registers for access.
SEL 00 select SSSRO.

01 select SSSR1.
10 select SSSR2.
11 select SSSR3.

10-0 Slot Number — This field specifies the number of the slot whose status will be saved in the corresponding
SLOTNUMBER | slot status registers.
Note: If this value is set to 0, the related slot status register provides the status of the symbol window after the
NIT start, and provides the status of the NIT after the cycle start.

Table 3-51. Mapping Between SSSRn and SSRn

Write the Slot Status of the Slot Selected by SSSRn for each
Internal Slot - T
Status Selection Even Communication Cycle Odd Communication Cycle
Register For Channel B For Channel A For Channel B For Channel A
to to to to
SSSRO SSRO0[15:8] SSRO[7:0] SSR1[15:8] SSR1[7:0]
SSSR1 SSR2[15:8] SSR2[7:0] SSR3[15:8] SSR3[7:0]
SSSR2 SSR4[15:8] SSR4[7:0] SSR5[15:8] SSR5[7:0]
SSSR3 SSR6[15:8] SSR6[7:0] SSR7[15:8] SSR7[7:0]

3.3.2.44 Slot Status Counter Condition Register (SSCCR)

0x0066 16-bit write access required Write: Any Time
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| O 0 0
SEL CNTCFG | MCY | VFR | SYF | NUF | SUF STATUSMASK
W| WMD
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-43. Slot Status Counter Condition Register (SSCCR)

This register is used to access and progranmatireiiternal non-memory mapped Slot Status Counter
Condition Registers SSCCRO0 to SSCCR&ch of these four internalot status counter condition
registers defines the mode and the conditionsicrementing the counter in the correspondig Status
Counter Registers (SSCR0-SSCR3)e correspondence is giverable 3-53 For a detailed description
of slot status counters, refer$ection 3.4.18.4, “Slot Status Counter Registers
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Table 3-52. SSCCR Field Descriptions

Field Description
15 Write Mode — This control bit defines the write mode of this register.
WMD 0 Write to all fields in this register on write access.
1 Write to SEL field only on write access.
13-12 Selector — This field selects one of the four internal slot counter condition registers for access.
SEL 00 select SSCCRO.
01 select SSCCR1.
10 select SSCCR2.
11 select SSCCR3.
10-9 Counter Configuration — These bit field controls the channel related incrementing of the slot status counter.
CNTCFG 00 increment by 1 if condition is fulfilled on channel A.
01 increment by 1 if condition is fulfilled on channel B.
10 increment by 1 if condition is fulfilled on at least one channel.
11 increment by 2 if condition is fulfilled on both channels channel.
increment by 1 if condition is fulfilled on only one channel.
8 Multi Cycle Selection — This bit defines whether the slot status counter accumulates over multiple
MCY communication cycles or provides information for the previous communication cycle only.
0 The Slot Status Counter provides information for the previous communication cycle only.
1 The Slot Status Counter accumulates over multiple communication cycles.
7 Valid Frame Restriction — This bit is used to restrict the counter to received valid frames.
VFR 0 The counter is not restricted to valid frames only.
1 The counter is restricted to valid frames only.
6 Sync Frame Restriction — This bit is used to restrict the counter to received frames with the sync frame
SYF indicator bit set to ‘1°.
0 The counter is not restricted with respect to the sync frame indicator bit.
1 The counter is restricted to frames with the sync frame indicator bit set to “1°.
5 Null Frame Restriction — This bit is used to restrict the counter to received frames with the null frame
NUF indicator bit set to ‘0’.
0 The counter is not restricted with respect to the null frame indicator bit.
1 The counter is restricted to frames with the null frame indicator bit set to ‘0’.
4 Startup Frame Restriction — This bit is used to restrict the counter to received frames with the startup frame
SUF indicator bit set to ‘1°.
0 The counter is not restricted with respect to the startup frame indicator bit.
1 The counter is restricted to received frames with the startup frame indicator bit set to ‘1°.
3-0 Slot Status Mask — This bit field is used to enable the counter with respect to the four slot status error
STATUSMASK | indicator bits.

STATUSMASK][3] — This bit enables the counting for slots with the syntax error indicator bit set to ‘1°.
STATUSMASK]2] — This bit enables the counting for slots with the content error indicator bit set to ‘1°.
STATUSMASK]1] — This bit enables the counting for slots with the boundary violation indicator bit set to ‘1°.
STATUSMASK]O0] — This bit enables the counting for slots with the transmission conflict indicator bit set to “1°.

Table 3-53. Mapping between internal SSCCRn and SSCRn

Condition Register | Condition Defined for Register
SSCCRO SSCRO
SSCCR1 SSCR1
SSCCR2 SSCR2
SSCCR3 SSCR3
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3.3.2.45 Slot Status Registers (SSR0-SSR7)

0x0068, 0x006A, 0x006C, 0x006E, 0x0070, 0x0072, 0x0074, 0x0076

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| VFB | SYB | NFB | SUB | SEB | CEB | BVB | TCB | VFA | SYA | NFA | SUA | SEA | CEA | BVA | TCA
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-44. Slot Status Registers (SSR0-SSR7)

Each of these eight registdnolds the status vector of the slata@fied in the corresponding internal slot
status selection register, whican be programmed using et Status Selection Register (SSSRjch
register is updated after the endlod corresponding slot as showrfigure 3-139 The register bits are

directly related to the ptocol variables and described in more detaBéation 3.4.18, “Slot Status

Monitoring’.
Table 3-54. SSR0-SSRY7 Field Descriptions
Field Description
15 Valid Frame on Channel B — protocol related variable: vSS!ValidFrame channel B
VFB 0 vSS!ValidFrame = ‘0’
1 vSS/ValidFrame = ‘1’
14 Sync Frame Indicator Channel B — protocol related variable: vRF/Header!SyFIndicator channel B
SYB 0 vRF!Header!SyFIindicator = ‘0’
1 vRF!Header!SyFindicator = ‘1’
13 Null Frame Indicator Channel B — protocol related variable: vRF/Header!NFindicator channel B
NFB 0 vRF!Header!NFindicator = ‘0’
1 vRF!Header!NFIindicator = ‘1’
12 Startup Frame Indicator Channel B — protocol related variable: vRF/Header!SuFIndicator channel B
SuB 0 vRF!Header!SuFindicator = ‘0’
1 vRF!Header!SuFindicator = ‘1’
11 Syntax Error on Channel B — protocol related variable: vSS!SyntaxError channel B
SEB 0 vSS!ISyntaxError="0’
1 vSS!SyntaxError= ‘1’
10 Content Error on Channel B — protocol related variable: vSS!ContentError channel B
CEB 0 vSS!ContentError =0’
1 vSS!/ContentError =1’
9 Boundary Violation on Channel B — protocol related variable: vSS!/BViolation channel B
BVB 0 vSS!BViolation = ‘0’
1 vSS/BViolation =1’
8 Transmission Conflict on Channel B — protocol related variable: vSS!/TxConflict channel B
TCB 0 vSSITxConflict =0’
1 vS8S/TxConflict =1’
7 Valid Frame on Channel A — protocol related variable: vSS!ValidFrame channel A
VFA 0 vSS!ValidFrame = ‘0’
1 vSS/ValidFrame = ‘1’
6 Sync Frame Indicator Channel A — protocol related variable: vRF!/Header!SyFIndicator channel A
SYA 0 vRF!Header!SyFIndicator = ‘O’
1 vRF!Header!SyFindicator = ‘1’
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Table 3-54. SSR0-SSR7 Field Descriptions (Continued)

Field Description

5 Null Frame Indicator Channel A — protocol related variable: vRF/Header!NFindicator channel A
NFA 0 vRF!Header!NFindicator = ‘0’
1 vRF!Header!NFindicator = ‘1’

4 Startup Frame Indicator Channel A — protocol related variable: vRF!/Header!SuFIndicator channel A
SUA 0 vRF!Header!SuFindicator = ‘0’
1 vRF!Header!SuFindicator = ‘1’

3 Syntax Error on Channel A — protocol related variable: vSS!SyntaxError channel A
SEA 0 vSS!SyntaxError="0’
1 vSS!SyntaxError= ‘1’

2 Content Error on Channel A — protocol related variable: vSS/ContentError channel A
CEA 0 vSS!ContentError =0’
1 vSS!ContentError = ‘1’

1 Boundary Violation on Channel A — protocol related variable: vSS!/BViolation channel A
BVA 0 vSS!BViolation = ‘0’
1 vSS/BViolation =1’

0 Transmission Conflict on Channel A — protocol related variable: vSS!/TxConflict channel A
TCA 0 vSSITxConflict =0’
1 vSS!TxConflict= ‘1’

3.3.2.46 Slot Status Counter Registers (SSCR0-SSCR3)

0x0078, 0x007A, 0x007C, 0x007E

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

w [ [ [ [ [ [ 1 [ [ [ [ [ |

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 3-45. Slow Status Counter Registers (SSCR0-SSCR3)

Additional Reset: [RUN Command]

Each of these four registers pro\ddbe slot status counter value tloe previous communication cycle(s)
and is updated at each cystart. The value depends on the contrtd bnd fields in the related internal
slot status counter condition regist@hich can be programmed by using 8iet Status Counter
Condition Register (SSCCRjor more details, se&gection 3.4.18.4, “Slot Status Counter Registers

NOTE

If the counter has reached itsximaum value OXFFFF and is in the
multicycle mode, i.e. SSCCRx.MCY ‘¥, the counter is not reset to
0x0000. The application can reset tleiter by clearinghe MCY bit and
waiting for the next cycle start, whéme FlexRay module clears the counter.
Subsequently, the counter can beisgt® the multicycle mode again.
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Table 3-55. SSCR0-SSCRS3 Field Descriptions

Field Description
15-0 Slot Status Counter — This field provides the current value of the Slot Status Counter.
SLOTSTATUSCNT

3.3.2.47 MTS A Configuration Register (MTSACFR)

0x0080 Write: CYCCNTMSK, CYCCNTVAL:
Write: MTE: Any Time
15 14 13 12 ‘ 11 10 9 8 7 6 5 4 ‘ 3 2 1 0
R 0 0 0
W MTE CYCCNTMSK CYCCNTVAL

Reset 0 0 0 o[ o 0 0 0 0 0 0 o] o 0 0 0
Figure 3-46. MTS A Configuration Register (MTSACFR)

This register controls the transmission of thedMeAccess Test Symbol MsTon channel A. For more
details, se&ection 3.4.13, “MTS Generatitn

Table 3-56. MTSACFR Field Descriptions

Field Description
15 Media Access Test Symbol Transmission Enable — This control bit is used to enable and disable the
MTE transmission of the Media Access Test Symbol in the selected set of cycles.

0 MTS transmission disabled
1 MTS transmission enabled

13-8 Cycle Counter Mask — This field provides the filter mask for the MTS cycle count filter.
CYCCNTMSK

5-0 Cycle Counter Value — This field provides the filter value for the MTS cycle count filter.
CYCCNTVAL

3.3.2.48 MTS B Configuration Register (MTSBCFR)

0x0082 Write: CYCCNTMSK, CYCCNTVAL:
Write: MTE: Any Time
15 14 13 12 ‘ 11 10 9 8 7 6 5 4 ‘ 3 2 1 0
R 0 0 0
W MTE CYCCNTMSK CYCCNTVAL

Reset 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0
Figure 3-47. MTS B Configuration Register (MTSBCFR)

This register controls the transmission of the Media Access Test Symbol MTS on channel B. For more

details, se&ection 3.4.13, “MTS Generation”
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Table 3-57. MTSBCFR Field Descriptions

Field Description
15 Media Access Test Symbol Transmission Enable — This control bit is used to enable and disable the
MTE transmission of the Media Access Test Symbol in the selected set of cycles.

0 MTS transmission disabled
1 MTS transmission enabled

13-8 Cycle Counter Mask — This field provides the filter mask for the MTS cycle count filter.
CYCCNTMSK

5-0 Cycle Counter Value — This field provides the filter value for the MTS cycle count filter.
CYCCNTVAL

3.3.2.49 Receive Shadow Buffer Index Register (RSBIR)

0x0084 16-bit write access required Write: WMD, SEL: Any Time
Write: RSBIDX:
15 14 13 12 1 10 9 8 7 6 5 4 ‘ 3 2 1 0
Rl O 0 0 0 0 0
SEL RSBIDX
W | WMD
Reset 0 0 0 0 0 0 0 0 0 0 0 0 ‘ 0 0 0 0

Figure 3-48. Receive Shadow Buffer Index Register (RSBIR)

This register is used to provide and retrieve the indices of the message buffer header fields currently
associated with the receive shadowifers. For more details on the receive shadow buffer concept, refer
to Section 3.4.6.3.6, “Receive Shadow Buffers Coricept

Table 3-58. RSBIR Field Descriptions

Field Description

15 Write Mode — This bit controls the write mode for this register.
WMD 0 update SEL and RSBIDX field on register write
1 update only SEL field on register write

13-12 Selector — This field is used to select the internal receive shadow buffer index register for access.
SEL 00 RSBIR_A1 — receive shadow buffer index register for channel A, segment 1

01 RSBIR_A2 — receive shadow buffer index register for channel A, segment 2

10 RSBIR_B1 — receive shadow buffer index register for channel B, segment 1

11 RSBIR_B2 — receive shadow buffer index register for channel B, segment 2

7-0 Receive Shadow Buffer Index — This field contains the current index of the message buffer header field of the
RSBIDX | receive shadow message buffer selected by the SEL field. The FlexRay module uses this index to determine the
physical location of the shadow buffer header field in the FlexRay memory. The FlexRay module will update this
field during receive operation.The application provides initial message buffer header index value in the
configuration phase.

FlexRay module: Updates the message buffer header index after successful reception.
Application: Provides initial message buffer header index.
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0x0086 Write: Any Time
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SEL
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-49. Receive FIFO Selection Register (RFSR)

This register is used to select a receiver FIFO for subsequent access through the receiver FIFO
configuration registers summarizedTiable 3-59

Table 3-59. SEL Controlled Receiver FIFO Registers

Register

Receive FIFO Start Index Register (RFSIR)

Receive FIFO Depth and Size Register (RFDSR)

Receive FIFO Message ID Acceptance Filter Value Register (RFMIDAFVR)
Receive FIFO Message ID Acceptance Filter Mask Register (RFMIAFMR)
Receive FIFO Frame ID Rejection Filter Value Register (RFFIDRFVR)
Receive FIFO Frame ID Rejection Filter Mask Register (RFFIDRFMR)
Receive FIFO Range Filter Configuration Register (RFRFCFR)

Receive FIFO Range Filter Control Register (RFRFCTR)

Table 3-60. RFSR Field Descriptions

Field Description

0 Select — This control bit selects the receiver FIFO for subsequent programming.
SEL 0 Receiver FIFO for channel A selected
1 Receiver FIFO for channel B selected

3.3.2.51 Receive FIFO Start Index Register (RFSIR)
0x0088 Write:
15 14 13 12 11 10 9 8 7 6 5 4 ‘ 3 2 1 0
Rl o J] o] oJ]o]o]o]o]o
SIDX
W
Reset 0 0O ©O0 0 0 O O O/ 0 O O O0J]O0 0 0 0

Figure 3-50. Receive FIFO Start Index Register (RFSIR)

This register defines theessage buffer header index of thetfimessage buffer that belongs to the
selected receive FIFO.
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Table 3-61. RFSIR Field Descriptions

Field Description

7-0 Start Index — This field defines the number of the message buffer header field of the first message buffer of the

SIDX selected receive FIFO. The FlexRay module uses the value of the SIDX field to determine the physical location
of the receiver FIFO’s first message buffer header field.

3.3.2.52 Receive FIFO Depth and Size Register (RFDSR)

0x008A Write:
15 14 13 12 ‘ 11 10 9 8 7 6 5 4 ‘ 3 2 1 0
R 0
W FIFO_DEPTH ENTRY_SIZE
Reset 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0

Figure 3-51. Receive FIFO Depth and Size Register (RFDSR)

This register defines the structwkthe selected receive FIFO, i.e. the number of entries and the size of
each entry.

Table 3-62. RFDSR Field Descriptions

Field Description

15-8 FIFO Depth — This field defines the depth of the selected receive FIFO, i.e. the number of entries.
FIFO_DEPTH

6-0 Entry Size — This field defines the size of the frame data sections for the selected receive FIFO in 2 byte
ENTRY_SIZE | entities.

3.3.2.53 Receive FIFO A Read Index Register (RFARIR)

0x008C
15 14 13 12 11 10 9 8 7 6 5 4 ‘ 3 2 1 0
Rl O 0 0 0 0 0 0 0 RDIDX
w L] ]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-52. Receive FIFO A Read Index Register (RFARIR)

This register provides the message buffer header wid#we next available emntof receive FIFO A that
the application can read.

Table 3-63. RFARIR Field Descriptions

Field Description

7-0 Read Index — This field provides the message buffer header index of the next available receive FIFO message
RDIDX buffer that the application can read. The FlexRay module increments this index when the application writes to
the FNEAIF flag in the Global Interrupt Flag and Enable Register (GIFER). The index wraps back to the first
message buffer header index if the end of the FIFO was reached.
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NOTE

If the receive FIFO not empty flag EMIF is not set, the RDIDX fields
points to an physical messaguffers that is invadi. Only when FNEAIF is
set, the message buffer indicatgdRDIDX contains valid data.

3.3.2.54 Receive FIFO B Read Index Register (RFBRIR)

0x008E
15 14 13 12 11 10 9 8 7 6 5 4 ‘ 3 2 1 0
Rl O 0 0 0 0 0 0 0 RDIDX
w ] T
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-53. Receive FIFO B Read Index Register (RFBRIR)

This register provides the message buffer header ioidive next available entiof receive FIFO A that
the application can read.

Table 3-64. RFBRIR Field Descriptions

Field Description

7-0 Read Index — This field provides the message buffer header index of the next available receive FIFO entry that
RDIDX the application can read. The FlexRay module increments this index when the application writes to the FNEBIF
flag in the Global Interrupt Flag and Enable Register (GIFER).The index wraps back to the first message buffer
header index if the end of the FIFO was reached.

NOTE

If the receive FIFO not empty flag EBIF is not set, the RDIDX fields
points to an physical messdgeffers that is invalid. Only when FNEBIF is
set, the message buffer indicalgdRDIDX contains valid data.

3.3.2.55 Receive FIFO Message ID Acceptance Filter Value Register

(RFMIDAFVR)
0x0090 Write:
15 14 13 12‘11 10 9 8‘7 6 5 4‘3 2 1 0
R
MIDAFVAL
w

Resetoooo\oooo\oooo\oooo

Figure 3-54. Receive FIFO Message ID Acceptance Filter Value Register (RFMIDAFVR)

This register defines the filter value for the messagadézptance filteof the selected receive FIFO. For
details on message ID filtering s8ection 3.4.9.5, “Receive FIFO filtering”
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Table 3-65. RFMIDAFVR Field Descriptions

Field Description
15-0 Message ID Acceptance Filter Value — Filter value for the message ID acceptance filter.
MIDAFVAL

3.3.2.56 Receive FIFO Message ID Acceptance Filter Mask Register (RFMIAFMR)

0x0092 Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R
MIDAFMSK
w

Resetoooo\oooo\oooo\oooo

Figure 3-55. Receive FIFO Message ID Acceptance Filter Mask Register (RFMIAFMR)

This register defines thdter mask for the message ID acceptaniterfof the selected receive FIFO. For
details on message ID filtering s8ection 3.4.9.5, “Receive FIFO filtering”

Table 3-66. RFMIAFMR Field Descriptions

Field Description
15-0 Message ID Acceptance Filter Mask — Filter mask for the message ID acceptance filter.
MIDAFMSK

3.3.2.57 Receive FIFO Frame ID Rejection Filter Value Register (RFFIDRFVR)

0x0094 Write:
15 14 13 12 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
Rl o 0 0 0 0
FIDRFVAL
W
Reset 0 0 0 0 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0

Figure 3-56. Receive FIFO Frame ID Rejection Filter Value Register (RFFIDRFVR)

This register defines the filter ke for the frame ID rejection filtesf the selected receive FIFO. For
details on frame ID filtering se®ection 3.4.9.5, “Receive FIFO filtering”

Table 3-67. RFFIDRFVR Field Descriptions

Field Description
10-0 Frame ID Rejection Filter Value — Filter value for the frame ID rejection filter.
FIDRFVAL
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3.3.2.58 Receive FIFO Frame ID Rejection Filter Mask Register (RFFIDRFMR)

0x0096 Write:
15 14 13 12 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
Rl o 0 0 0 0
FIDRFMSK
w
Reset 0 0 0 0 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0

Figure 3-57. Receive FIFO Frame ID Rejection Filter Mask Register (RFFIDRFMR)

This register defines the filter mlafor the frame ID rejection filtesf the selected receive FIFO. For
details on frame ID filtering se®ection 3.4.9.5, “Receive FIFO filtering”

Table 3-68. RFFIDRFMR Field Descriptions

Field Description
10-0 Frame ID Rejection Filter Mask — Filter mask for the frame ID rejection filter.
FIDRFMSK

3.3.2.59 Receive FIFO Range Filter Configuration Register (RFRFCFR)

0x0098 16-bit write access required Write: WMD, IBD, SEL: Any Time
Write: SID:
15 14 13 12 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
Rl O 0
IBD SEL SID
W| WMD
Reset 0 0 0 0 0 0 0 o] o 0 0 o] o 0 0 0

Figure 3-58. Receive FIFO Range Filter Configuration Register (RFRFCFR)

This register provides access to the four internal éréibnrange filter boundamegisters of the selected
receive FIFO. For details on frame ID range filter Seetion 3.4.9.5, “Receive FIFO filtering”

Table 3-69. RFRFCFR Field Descriptions

Field Description
15 Write Mode — This control bit defines the write mode of this register.
WMD 0 Write to all fields in this register on write access.
1 Write to SEL and IBD field only on write access.
14 Interval Boundary — This control bit selects the interval boundary to be programmed with the SID value.
IBD 0 program lower interval boundary

1 program upper interval boundary

13-12 Filter Selector — This control field selects the frame ID range filter to be accessed.
SEL 00 select frame ID range filter 0.
01 select frame ID range filter 1.
10 select frame ID range filter 2.
11 select frame ID range filter 3.

10-0 Slot ID — Defines the IBD-selected frame ID boundary value for the SEL-selected range filter.
SID
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3.3.2.60 Receive FIFO Range Filter Control Register (RFRFCTR)
0x009A Write: Any Time
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R O 0 0 0 0 0 0 0
W F3MD | F2MD | F1MD | FOMD F3EN | F2EN | F1EN | FOEN
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-59. Receive FIFO Range Filter Control Register (RFRFCTR)

This register is used to enabledadisable each frame ID ranfiiger and to definavhether it is running as
acceptance or rejection filter.

Table 3-70. RFRFCTR Field Descriptions

Field Description
11 Range Filter 3 Mode — This control bit defines the filter mode of the frame ID range filter 3.
F3MD 0 range filter 3 runs as acceptance filter
1 range filter 3 runs as rejection filter
10 Range Filter 2 Mode — This control bit defines the filter mode of the frame ID range filter 2.
F2MD 0 range filter 2 runs as acceptance filter
1 range filter 2 runs as rejection filter
9 Range Filter 1 Mode — This control bit defines the filter mode of the frame ID range filter 1.
F1MD 0 range filter 1 runs as acceptance filter
1 range filter 1 runs as rejection filter
8 Range Filter 0 Mode — This control bit defines the filter mode of the frame ID range filter 0.
FOMD 0 range filter O runs as acceptance filter
1 range filter O runs as rejection filter
3 Range Filter 3 Enable — This control bit is used to enable and disable the frame ID range filter 3.
F3EN 0 range filter 3 disabled
1 range filter 3 enabled
2 Range Filter 2 Enable — This control bit is used to enable and disable the frame ID range filter 2.
F2EN 0 range filter 2 disabled
1 range filter 2 enabled
1 Range Filter 1 Enable — This control bit is used to enable and disable the frame ID range filter 1.
F1EN 0 range filter 1 disabled
1 range filter 1 enabled
0 Range Filter 0 Enable — This control bit is used to enable and disable the frame ID range filter 0.
FOEN 0 range filter O disabled
1 range filter 0 enabled
3.3.2.61 Last Dynamic Transmit Slot Channel A Register (LDTXSLAR)
0x009C
15 14 13 12 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
Rl O 0 0 0 0 LASTDYNTXSLOTA
w [ 1] [ 1]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-60. Last Dynamic Slot Channel A Register (LDTXSLAR)
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This register provides the numbettloé last transmission slot in the dynamic segment for channel A. This
register is updated after the evfdhe dynamic segment and before #tart of the next communication
cycle.

Table 3-71. LDTXSLAR Field Descriptions

Field Description

10-0 Last Dynamic Transmission Slot Channel A — protocol related variable: zLastDynTxSlot channel A
LASTDYNTX | Number of the last transmission slot in the dynamic segment for channel A. If no frame was transmitted during
SLOTA the dynamic segment on channel A, the value of this field is set to 0.

3.3.2.62 Last Dynamic Transmit Slot Channel B Register (LDTXSLBR)

0x009E
15 14 13 12 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
Rl O 0 0 0 0 LASTDYNTXSLOTB
W | ] ]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-61. Last Dynamic Slot Channel B Register (LDTXSLBR)

This register provides the numbertioé last transmission slot in therdymic segment for channel B. This
register is updated after the esfithe dynamic segment and before #tart of the next communication
cycle.

Table 3-72. LDTXSLBR Field Descriptions

Field Description

10-0 Last Dynamic Transmission Slot Channel B — protocol related variable: zLastDynTxSlot channel B
LASTDYNTX | Number of the last transmission slot in the dynamic segment for channel B. If no frame was transmitted during
SLOTB the dynamic segment on channel B the value of this field is set to 0.

3.3.2.63 Protocol Configuration Registers

The following configuration registers provide the necessary gorgtion information to the protocol
engine. The individual values the registers are describedTiable 3-73 For more details about the
FlexRay related configuration parametarsl the allowed parameter ranges,HegRay
Communications System ProdbSpecification, Version 2.1

Table 3-73. Protocol Configuration Register Fields (Sheet 1 of 3)

Name Description’ Min Max Unit PCR
coldstart_attempts gColdstartAttempts number
action_point_offset gdActionPointOffset - 1 MT
cas_rx_low_max gdCASRxLowMax - 1 gadBit
dynamic_slot_idle_phase gdDynamicSlotldlePhase minislot 28
minislot_action_point_offset gdMinislotActionPointOffset - 1 MT
minislot_after_action_point gdMinislot - gdMinislotActionPointOffset - 1 MT
static_slot_length gdStaticSlot MT
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Table 3-73. Protocol Configuration Register Fields (Sheet 2 of 3)

Name Description’ Min | Max Unit PCR
static_slot_after_action_point gdStaticSlot - gdActionPointOffset - 1 MT 13
symbol_window_exists gdSymbolWindow!=0 0 1 bool 9
symbol_window_after_action_point gdSymbolWindow - gdActionPointOffset - 1 MT 6
tss_transmitter gdTSSTransmitter gadBit 5
wakeup_symbol_rx_idle gdWakeupSymbolRxIdle gaBit 5
wakeup_symbol_rx_low gdWakeupSymbolRxLow gaBit 3
wakeup_symbol_rx_window gdWakeupSymbolRxWindow gaBit 4
wakeup_symbol_tx_idle gdWakeupSymbolTxldle gaBit 8
wakeup_symbol_tx_low gdWakeupSymbolTxLow gaBit 5
noise_listen_timeout (gListenNoise * pdListenTimeout) - 1 puT 16/17
macro_initial_offset_a pMacrolnitialOffset[A] MT 6
macro_initial_offset_b pMacrolnitialOffset[B] MT 16
macro_per_cycle gMacroPerCycle MT 10
macro_after_first_static_slot gMacroPerCycle - gdStaticSlot MT 1
macro_after_offset_correction gMacroPerCycle - gOffsetCorrectionStart MT 28
max_without_clock_correction_fatal gMaxWithoutClockCorrectionFatal cyclepairs
max_without_clock_correction_passive | gMaxWithoutClockCorrectionPassive cyclepairs
minislot_exists gNumberOfMinislots!=0 0 1 bool
minislots_max gNumberOfMinislots - 1 minislot 29
number_of_static_slots gNumberOfStaticSlots static slot 2
offset_correction_start gOffsetCorrectionStart MT 11
payload_length_static gPayloadlLengthStatic 2-bytes 19
max_payload_length_dynamic pPayloadlLengthDynMax 2-bytes 24
first_minislot_action_point_offset max(gdActionPointOffset, MT 13

gdMinislotActionPointOffset) - 1
allow_halt_due_to_clock pAllowHaltDueToClock bool 26
allow_passive_to_active pAllowPassiveToActive cyclepairs 12
cluster_drift_damping pClusterDriftDamping puT 24
comp_accepted_startup_range_a pdAcceptedStartupRange - uT 22
pDelayCompensationChA
comp_accepted_startup_range_b pdAcceptedStartupRange - uT 26
pDelayCompensationChB
listen_timeout pdListenTimeout - 1 uT 14/15
key_slot_id pKeySlotld number 18
key_slot_used_for_startup pKeySlotUsedForStartup bool 11
key_slot_used_for_sync pKeySlotUsedForSync bool 11
latest_tx gNumberOfMinislots - pLatestTx minislot 21
sync_node_max gSyncNodeMax number 30
micro_initial_offset_a pMicrolnitialOffset[A] uT 20
micro_initial_offset_b pMicrolnitialOffset[B] puT 20
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Table 3-73. Protocol Configuration Register Fields (Sheet 3 of 3)

Name Description’ Min | Max Unit PCR
micro_per_cycle pMicroPerCycle uT 22/23
micro_per_cycle_min pMicroPerCycle - pdMaxDrift puT 24/25
micro_per_cycle_max pMicroPerCycle + pdMaxDrift uT 26/27
micro_per_macro_nom_half round(pMicroPerMacroNom / 2) puT 7
offset_correction_out pOffsetCorrectionOut uT 9
rate_correction_out pRateCorrectionOut puT 14
single_slot_enabled pSingleSlotEnabled bool 10
wakeup_channel pWakeupChannel see Table 3-74 10
wakeup_pattern pWakeupPattern number 18
decoding_correction_a pDecodingCorrection + uT 19

pDelayCompensation[A] + 2
decoding_correction_b pDecodingCorrection + uT 7
pDelayCompensation[B] + 2
key_slot_header_crc header CRC for key slot 0x000 | Ox7FF | number 12
extern_offset_correction pExternOffsetCorrection puT 29
extern_rate_correction pExternRateCorrection uT 21

T See FlexRay Communications System Protocol Specification, Version 2.1 for detailed protocol parameter definitions

Table 3-74. Wakeup Channel Selection

wakeup_channel | Wakeup Channel
0 A
1 B
3.3.2.63.1 Protocol Configuration Register 0 (PCRO0)
0x00AO0 Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R
W action_point_offset static_slot_length
Reset 0 0 0 o[ o 0 0 o | o 0 0 o] o 0 0 0

Figure 3-62. Protocol Configuration Register 0 (PCRO)

3.3.2.63.2 Protocol Configuration Register 1 (PCR1)
Ox00A2 Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
Rl 0 0 . )
macro_after_first_static_slot
w
Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0

Figure 3-63. Protocol Configuration Register 1 (PCR1)

MFR4300 Data Sheet, Rev. 3

Freescale Semiconductor

121



FlexRay Module (FLEXRAYV2)

3.3.2.63.3 Protocol Configuration Register 2 (PCR2)

0x00A4 Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R
W minislot_after_action_point number_of_static_slots

Reset 0 0 o0 o0 /0 O O o0/ 0 O 0 0[O0 0 0 O
Figure 3-64. Protocol Configuration Register 2 (PCR2)

3.3.2.63.4 Protocol Configuration Register 3 (PCR3)

0x00A6 Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R
W wakeup_symbol_rx_low minislot_action_point_offset[4:0] coldstart_attempts

Rest 0 0 o0 o0 0 o0 o0 o]0 o0 0 OO0 0 0 O
Figure 3-65. Protocol Configuration Register 3 (PCR3)

3.3.2.63.5 Protocol Configuration Register 4 (PCR4)

0x00A8 Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R
W cas_rx_low_max wakeup_symbol_rx_window

Rest 0 0 0 ©0 0 o0 o0 o0J[o0o o0 o0 00 0 0 O
Figure 3-66. Protocol Configuration Register 4 (PCR4)

3.3.2.63.6 Protocol Configuration Register 5 (PCR5)

0x00AA Write:
15 14 13 12 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R
W tss_transmitter wakeup_symbol_tx_low wakeup_symbol_rx_idle
Reset 0 0 0 0 0 0 0 0o 0 0 0 0o 0 0 0 0

Figure 3-67. Protocol Configuration Register 5 (PCR5)

3.3.2.63.7 Protocol Configuration Register 6 (PCR6)

0x00AC Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
Rl O . . . _—
W symbol_window_after_action_point macro_initial_offset_a

Resetoooo\oooo\oooo\oooo

Figure 3-68. Protocol Configuration Register 6 (PCR6)
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Protocol Configuration Register 7 (PCR7)

3.3.2.63.8
O0x00AE Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R
W decoding_correction_b micro_per_macro_nom_half
Reset 0 0 0 o] o 0 0 0 0 0 0 0o 0 0 0 0
Figure 3-69. Protocol Configuration Register 7 (PCR7)
3.3.2.63.9 Protocol Configuration Register 8 (PCR8)
0x00B0O Write:
15 14 13 12 11 10 9 8 7 6 5 4 ‘ 3 2 1 0
R max_without_clock_ max_without_clock_ .
) . : wakeup_symbol_tx_idle
w correction_fatal correction_passive
Reset 0 0 0 0 0 0 0 0 0 0 0 0 ‘ 0 0 0 0

Figure 3-70. Protocol Configuration Register 8 (PCR8)

3.3.2.63.10 Protocol Configuration Register 9 (PCR9)

0x00B2 Write:
15 14 13 12 \ 11 10 9 8 \ 7 6 5 4 3 2 1 0
R sym
mini | bol_
slot_ | win offset_correction_out
W | exists | dow_
exists
Reset 0 0 0 o[ o 0 0 o] o 0 0 o] o 0 0 0
Figure 3-71. Protocol Configuration Register 9 (PCR9)
3.3.2.63.11 Protocol Configuration Register 10 (PCR10)
0x00B4 Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 3 2 1 0
R| single | wake
~slot | up_ macro_per_cycle
w/| —en | chan —percy
abled | nel
Reset 0 0 0 0 0 0 0 0 0 0 0 0 ‘ 0 0 0 0
Figure 3-72. Protocol Configuration Register 10 (PCR10)
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3.3.2.63.12 Protocol Configuration Register 11 (PCR11)

0x00B6 Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 3 2 1 0
R| key_ key_
slot_
used slot_
f —|used_ offset_correction_start
Wi T o
start -
sync
up

Reset 0 0 0 ©0 0 o0 o0 o0J[o0o o o0 O] o0 0 0 O
Figure 3-73. Protocol Configuration Register 11 (PCR11)

3.3.2.63.13 Protocol Configuration Register 12 (PCR12)

0x00B8 Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R
W allow_passive_to_active key_slot_header_crc

Reset 0 0 0 o | o 0 0 o] o 0 0 o] o 0 0 0
Figure 3-74. Protocol Configuration Register 12 (PCR12)
3.3.2.63.14 Protocol Configuration Register 13 (PCR13)

0x00BA Write:

15 14 13 12‘11 10 9 8‘7 6 5 4‘3 2 1 0

first_minislot_action_point_offset static_slot_after_action_point

Rest 0 0 o0 o0 0 o0 o0 o0oJ[o0o o o0 OO0 0 0 O
Figure 3-75. Protocol Configuration Register 13 (PCR13)

3.3.2.63.15 Protocol Configuration Register 14 (PCR14)

0x00BC Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R
W rate_correction_out listen_timeout[20:16]

Resetoooo\oooo\oooo\oooo

Figure 3-76. Protocol Configuration Register 14 (PCR14)
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3.3.2.63.16 Protocol Configuration Register 15 (PCR15)

0x00BE Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R
listen_timeout[15:0]
w

Reset 0 0 o0 o0/ 0 O O oO0] 0 O 0 0[O0 0 0 O
Figure 3-77. Protocol Configuration Register 15 (PCR15)

3.3.2.63.17 Protocol Configuration Register 16 (PCR16)

0x00C0 Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R
W macro_initial_offset_b noise_listen_timeout[24:16]

Reset 0 0 0 o | o 0 0 o] o 0 0 o] o 0 0 0
Figure 3-78. Protocol Configuration Register 16 (PCR16)
3.3.2.63.18 Protocol Configuration Register 17 (PCR17)

0x00C2 Wirite:

15 14 13 12‘11 10 9 8‘7 6 5 4‘3 2 1 0

noise_listen_timeout[15:0]

Rest 0 0 ©0 o0 0 o0 o0 o0oJ[o0o o o0 00 0 0 O
Figure 3-79. Protocol Configuration Register 17 (PCR17)

3.3.2.63.19 Protocol Configuration Register 18 (PCR18)

0x00C4 Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R
W wakeup_pattern key_slot_id

Reset 0 0 o0 o0 /0 O o0 o000 O 0 0[O0 0 0 O
Figure 3-80. Protocol Configuration Register 18 (PCR18)

3.3.2.63.20 Protocol Configuration Register 19 (PCR19)

0x00C6 Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R
W decoding_correction_a payload_length_static

Resetoooo\oooo\oooo\oooo

Figure 3-81. Protocol Configuration Register 19 (PCR19)
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3.3.2.63.21 Protocol Configuration Register 20 (PCR20)

0x00C8 Write:
15 14 13 12 \ 11 10 9 8 7 6 5 4 \ 3 2 1 0
R
W micro_initial_offset_b micro_initial_offset_a
Reset 0 0 0 o] o 0 0 0 0 0 0 0o 0 0 0 0
Figure 3-82. Protocol Configuration Register 20 (PCR20)
3.3.2.63.22 Protocol Configuration Register 21 (PCR21)
0x00CA Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R extern_rate_
. latest_tx
w correction
Reset 0 0 0 o | o 0 0 o] o 0 0 o] o 0 0 0
Figure 3-83. Protocol Configuration Register 21 (PCR21)
3.3.2.63.23 Protocol Configuration Register 22 (PCR22)
0x00CC Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 3 2 1 0
R
W R* comp_accepted_startup_range_a micro_per_cycle[19:16
Reset 0 0 0 o[ o 0 0 o] o 0 0 0 0 0 0 0
Figure 3-84. Protocol Configuration Register 22 (PCR22)
3.3.2.63.24 Protocol Configuration Register 23 (PCR23)
0x00CE Write:
15 14 13 12 \ 11 10 9 8 \ 7 6 5 4 \ 3 2 1 0
R
micro_per_cycle[15:0
W icro_per_cycle[15:0]
Reset 0 0 0 o] o 0 0 0o 0 0 0 0o 0 0 0 0
Figure 3-85. Protocol Configuration Register 23 (PCR23)
3.3.2.63.25 Protocol Configuration Register 24 (PCR24)
0x00D0 Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 3 2 1 0
R , -
W cluster_drift_damping max_payload_length_dynamic mlcro_p[>1e;7;:g;: le_min
Reset 0 0 0 o[ o 0 0 o] o 0 0 0 0 0 0 0

Figure 3-86. Protocol Configuration Register 24 (PCR24)
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0x00D2 Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R
W micro_per_cycle_min[15:0]

Reset 0 0 0 o | o 0 0 0o 0 0 0 0o |
Figure 3-87. Protocol Configuration Register 25 (PCR25)

3.3.2.63.27 Protocol Configuration Register 26 (PCR26)

0x00D4 Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 3 2 1 0
R| allow
—halt_ micro_per_cycle_max
w/| due comp_accepted_startup_range_b _p[19_. 1)(;] -
_to_ '
clock

Reset 0 0 0 o | o 0 0 o o 0 0 0
Figure 3-88. Protocol Configuration Register 26 (PCR26)

3.3.2.63.28 Protocol Configuration Register 27 (PCR27)

0x00D6 Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R
W micro_per_cycle_max[15:0]

Reset 0 0 0 o[ o 0 0 o] o 0 0 0|
Figure 3-89. Protocol Configuration Register 27 (PCR27)

3.3.2.63.29 Protocol Configuration Register 28 (PCR28)

0x00D8 Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R .
dynamlc_slot macro_after_offset_correction
w| _idle_phase

Resetoooo\oooo\oooo\

Figure 3-90. Protocol Configuration Register 28 (PCR28)
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3.3.2.63.30 Protocol Configuration Register 29 (PCR29)

0x00DA Write:
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R|  extern_offset_ .
: minislots_max
w correction
Reset 0 0 0 o | o 0 0 0o 0 0 0 0o 0 0 0 0
Figure 3-91. Protocol Configuration Register 29 (PCR29)
3.3.2.63.31 Protocol Configuration Register 30 (PCR30)
0x00DC Write:
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl 0 0 0 0 0 0 0 0 0 0 0 0
sync_node_max
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 3-92. Protocol Configuration Register 30 (PCR30)
3.3.2.64 Message Buffer Configuration, Control, Status Registers (MBCCSRn)

Module Base + 0x0100, 0x0108,..., 0x04F8

Write: MCM, MBT, MTD: or MB_DIS
Write: CMT: MB_LCK

Write: EDT, LCKT, MBIE, MBIF: Normal Mode
Additional Reset: CMT, DUP, DVAL, MBIF: Message Buffer Disable

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl O 0 0 0 0 0 DUP | DVAL | EDS |LCKS
MCM | MBT | MTD | CMT MBIE MBIF
w EDT | LCKT
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 3-93. Message Buffer Configuration, Control, Status Registers (MBCCSRn)

The content of these registers comprises messatg bahfiguration data, nssage buffer control data,

message buffer status informatiamd message buffer interrupt flags.

Table 3-75. MBCCSRn Field Descriptions (Sheet 1 of 3)

Field Description
Message Buffer Configuration
14 Message Buffer Commit Mode — This bit applies only to double buffered transmit message buffers and defines
MCM the commit mode.
0 Streaming commit mode
1 Immediate commit mode
13 Message Buffer Type — This bit applies only to transmit message buffers and defines the buffering type.
MBT 0 Single buffered transmit message buffer
1 Double buffered transmit message buffer
12 Message Buffer Transfer Direction — This bit defines the transfer direction of the message buffer.
MTD 0 Receive message buffer
1 Transmit message buffer
MFR4300 Data Sheet, Rev. 3
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Table 3-75. MBCCSRn Field Descriptions (Sheet 2 of 3)

Field Description
Message Buffer Control
11 Commit for Transmission — This bit applies only to transmit message buffers and indicates whether the
CMT message buffer contains valid data that are ready for transmission. Both the application and the FlexRay module
can modify this bit.
¢ Application: The application sets this bit to indicate that the transmit message buffer contains valid data ready
for transmission. The application clears this bit to indicate that the message buffer data are no longer valid for
transmission.
* FlexRay module: The FlexRay module clears this bit when the message buffer data are no longer valid for
transmission.
0 Message buffer does not contain valid data.
1 Message buffer contains valid data.
10 Enable/Disable Trigger — This trigger bit is used to enable and disable a message buffer. The message buffer
EDT enable is triggered when the application writes ‘1’ to this bit and the message buffer is disabled, i.e. the EDS
status bitis ‘0’. The message buffer disable is triggered when the application writes ‘1’ to this bit and the message
buffer is enabled, i.e. the EDS status bit is ‘1.
0 No effect
1 message buffer enable/disable triggered
Note: If the application writes ‘1’ to this bit, the write access to all other bits is ignored.
9 Lock/Unlock Trigger — This trigger bit is used to lock and unlock a message buffer. The message buffer lock is
LCKT triggered when the application writes ‘1’ to this bit and the message buffer is not locked, i.e. the LCKS status bit
is ‘0’. The message buffer unlock is triggered when the application writes ‘1’ to this bit and the message buffer is
locked, i.e. the LCKS status bit is ‘1.
0 No effect
1 Trigger message buffer lock/unlock
Note: If the application writes ‘1’ to this bit and ‘0’ to the EDT bit, the write access to all other bits is ignored.
8 Message Buffer Interrupt Enable — This control bit defines whether the message buffer will generate an
MBIE interrupt request when its MBIF flag is set.
0 Interrupt request generation disabled
1 Interrupt request generation enabled
Message Buffer Status
4 Data Updated — This status bit applies only to receive message buffers. It is always ‘0’ for transmit message
DUP buffers. This bit provides information whether the frame header in the message buffer header field and the
message buffer data field were updated. See Section 3.4.6.3.4, “Message Buffer Status Update” for a detailed
description of the update condtions.
0 Frame Header and Message buffer data field not updated.
1 Frame Header and Message buffer data field updated.
3 Data Valid — The semantic of this status bit depends on the message buffer type and transfer direction.
DVAL * Receive Message Buffer: Indicates whether the message buffer data field contains valid frame data. See

Section 3.4.6.3.4, “Message Buffer Status Update” for a detailed update description of the update conditions.

0 message buffer data field contains no valid frame data

1 message buffer data field contains valid frame data

* Single Transmit Message Buffer. Indicates whether the message is transferred again due to the state
transmission mode of the message buffer.

0 Message transferred for the first time.

Message will be transferred again.

* Double Transmit Message Buffer. For the commit side it is always ‘0’. For the transmit side it indicates whether
the message is transferred again due to the state transmission mode of the message buffer.

0 Message transferred for the first time.

Message will be transferred again.

—_

—_
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Table 3-75. MBCCSRn Field Descriptions (Sheet 3 of 3)

Field Description
2 Enable/Disable Status — This status bit indicates whether the message buffer is enabled or disabled.
EDS 0 Message buffer is disabled.
1 Message buffer is enabled.
1 Lock Status — This status bit indicates the current lock status of the message buffer.
LCKS 0 Message buffer is not locked by the application.
1 Message buffer is locked by the application.
0 Message Buffer Interrupt Flag — The semantic of this flag depends on the message buffer transfer direction.
MBIF * Receive Message Buffer: This flag is set when the slot status in the message buffer header field was updated
and this slot was not an empty dynamic slot. See Section 3.4.6.3.4, “Message Buffer Status Update” for a
detailed description of the update conditions.
0 slot status not updated
1 slot status updated and slot was not an empty dynamic slot
* Transmit Message Buffer: This flag is set when the slot status in the message buffer header field was updated.
Additionally this flag is set immediately when a transmit message buffer was enabled.
0 slot status not updated
1 slot status updated / message buffer just enabled
Writing a '1' clears this flag. Writing a ‘0’ will not change the flag state.
3.3.2.65 Message Buffer Cycle Counter Filter Registers (MBCCFRn)
0x0102, 0x010A,..., 0X04FA Write: or MB_DIS
15 14 13 12 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R
W MTM | CHA | CHB |CCFE CCFMSK CCFVAL
Reset bits located in physical memory, not affected by reset, no reset value

Figure 3-94. Message Buffer Cycle Counter Filter Registers (MBCCFRn)

This register contains message buffer configomadata for the transission mode, the channel
assignment, and for the cycle couritiering. For detailednformation on cycle@unter filtering, refer to
Section 3.4.7.1.2, “Message Bufféycle Counter Filtering”

Table 3-76. MBCCFRn Field Descriptions

Field Description
15 Message Buffer Transmission Mode — This control bit applies only to transmit message buffers and defines
MTM the transmission mode.
0 Event transmission mode
1 State transmission mode
14-13 Channel Assignment — These control bits define the channel assignment and control the receive and transmit
CHA behavior of the message buffer according to Table 3-77.
CHB
12 Cycle Counter Filtering Enable — This control bit is used to enable and disable the cycle counter filtering.
CCFE 0 Cycle counter filtering disabled
1 Cycle counter filtering enabled
11-6 Cycle Counter Filtering Mask — This field defines the filter mask for the cycle counter filtering.
CCFMSK
5-0 Cycle Counter Filtering Value — This field defines the filter value for the cycle counter filtering.
CCFVAL
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Transmit Message Buffer Receive Message Buffer
CHA | CHB
static segment dynamic segment static segment dynamic segment
1 1 [transmit on both channel A |transmit on channel A only | store first valid frame store first valid frame
and channel B received on either received on channel A,
channel A or channel B ignore channel B
0 1 transmit on channel B transmit on channel B store first valid frame store first valid frame
received on channel B received on channel B
1 0 [transmit on channel A transmit on channel A store first valid frame store first valid frame
received on channel A received on channel A
0 0 | no frame transmission no frame transmission no frame stored no frame stored

NOTE

If at least one message buffer assigiuea certain slot is assigned to both
channels, then all message buffers assigoghis slot have to be assigned
to both channels. Othervesthe message buffer configuration is illegal and
the result of the message faufsearch is not defined.

3.3.2.66 Message Buffer Frame ID Registers (MIBFIDRn)

0x0104, 0x010C,..., 0x04FC Write: or MB_DIS
15 14 13 12 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
Rl O 0 0 0 0
FID
W
Reset 0 0 0 0 0 bits located in physical memory, not affected by reset, no reset value
Figure 3-95. Message Buffer Frame ID Registers (MBFIDRn)
Table 3-78. MBFIDRn Field Descriptions
Field Description
10-0 Frame ID — The semantic of this field depends on the message buffer transfer type.
FID For receive message buffers it is used as a filter value to determine whether or not the message buffer is used

for reception of a message received in a slot with the slot ID equal to FID.

For a transmit message buffer it is used to determine the slot in which the message in this message buffer will

be transmitted.
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3.3.2.67 Message Buffer Index Registers (MBIDXRn)

0x0106, 0x010E,..., 0X04FE

Write: or MB_DIS
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl 0 0 0 0 0 0 0 0
MBIDX
w
Reset 0 0 0 0 0 0 0 0 bits located in physical memory, not affected by reset, no
reset value
Figure 3-96. Message Buffer Index Registers (MBIDXRn)
Table 3-79. MBIDXRn Field Descriptions
Field Description
7-0

Message Buffer Index — This field provides the index of the message buffer header field of the physical
MBIDX message buffer that is currently associated with this message buffer.

The application writes the index of the initially associated message buffer header field into this register. The
FlexRay module updates this register after frame reception or transmission.
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3.4  Functional Description

This section provides a detailddscription of the functionality implemented in the FlexRay module.

3.4.1 Message Buffer Concept

The FlexRay module usagiata structure calledessage bufféo store frame datapnfiguration, control,

and status data. Each messagésbebnsists of two parts, theessage buffer control daaad thephysical
message buffefhe message buffer control data are located in dedicated registers. The structure of the
message buffer control dadapends on the message buffgre and is described Bection 3.4.3,

“Message Buffer TypésThe physical message buffer is lam@in the FRM and is described in

Section 3.4.2, “Physical Message Buffer

3.4.2 Physical Message Buffer

All FlexRay messages and related feaand slot status information @faeived frames and of frames to
be transmitted to the FlexRay bus atored in data structures calf@dysical message bufferBhe
physical message buffers are located in the FRM.The structure of agdimysssage buffer is depicted in
Figure 3-97

A physical message buffer casis of two fields, thenessage buffer header fieddd themessage buffer
data field The message buffer header field containgrdmae headerthedata field offsetand theslot
statusThe message buffer ddtald contains thérame data

The connection between the tields is established by tluata field offset

SADR_MBDF

§ Frame Data é
| Message Buffer Data Field

SADR_MBHF |

FRM

Frame Header | Data Field Offset Slot Status

| Message Buffer Header Field
Figure 3-97. Physical Message Buffer Structure

3.4.21 Message Buffer Header Field

The message buffer header field is a contiguous regitve FRM and occupiesrdoytes. It contains the
frame header, the data field offset, ang stot status. Its structure is showrigure 3-97 The physical
start addresSADR_MBHF of the message buffer header field must be 16-bit aligned.

3.4.211 Frame Header

The frame header occupies the first six bytes imtbssage buffer header field. It contains all FlexRay
frame header related information according toRlexRay CommunicatiorfSystem Protocol
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Specification, Version 2.1A detailed description of the usagedahe content of the frame header is
provided inSection 3.4.5.2.1, “Frame HeaxdSection Description”

3.4.2.1.2 Data Field Offset

The data field offset follows thedme header in the message buffer data field and occupies two bytes. It
contains the offset of the corpmnding message buffer data field wiglspect to the FlexRay module FRM
base address 0x800. The data field offset is used to determine the start @4k edBDF of the
corresponding message buffer data field in the FRM accordigguation 3-1

SADR_MBDF = [Data Field Offset] + 0x800 Eqgn. 3-1

3.4.21.3 Slot Status

The slot status occupies the last two bytes of tresage buffer header field. It provides the slot and frame
status related informiain according to th&lexRay Communications Sgst Protocol Specification,
Version 2.1 A detailed description of the content arsghge of the slot status is provided in

Section 3.4.5.2.3, “Slot Status Description”

3.4.2.2 Message Buffer Data Field

The message buffer data ties a contiguous area ofi@4e entities. This fieldantains the frame payload
data, or a part of it, of the frame to be transedito or received from éhFlexRay bus. The minimum
length of this field depends on the specific messadgetebnfiguration and is specified in the message
buffer descriptions given i8ection 3.4.3, “Message Buffer Types

3.4.3 Message Buffer Types

The FlexRay module provides thre&elient types of message buffers.
* Individual Message Buffers
* Receive Shadow Buffers
* Receive FIFO Buffers
For each message buffer type threadiure of the physical message buffeidentical. The message buffer

types differ only in the structusnd content of message buffer cohttata, which control the related
physical message buffer. The messhagker control data are dedoed in the following sections.

3.4.31 Individual Message Buffers

The individual message buffers are used foryakes of frame transmission and for dedicated frame
reception based on individual filteettings for each message buffdre FlexRay module supports three
types of individual message Iberfs, which are described 8ection 3.4.6, “IndividuaViessage Buffer
Functional Descriptich

Each individual message buffer consst$wo parts, the physal message buffer, which is located in the
FRM, and the message buffer control data, which asgédad in dedicated registers. The structure of an
individual message buffer is givenkigure 3-98
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Each individual message buffer has a messagerbuffaber n assigned, which determines the set of
message buffer control registessaciated to this individual meggabuffer. The individual message
buffer with message buffer numhbeis controlled by the regists MBCCSRn, MBCCFRn, MBFIDRN,
and MBIDXRn.

The connection between the messhgter control registers arttle physical message buffer is
established by the message buiifielex field MBIDX in theMessage Buffer Index Registers (MBIDXRn)
The start address SADR_MBHF of the related messadfer header field in the FRM is determined
according tdequation 3-2

SADR_MBHF = (MBIDXRn.MBIDX * 10) + 0x800 Eqgn. 3-2

>= MBDSR.MBSEG(1,2] * 2 bytes

Iy
SADR_MBDF

» é FrameData é

| Message Buffer Data Field

FRM

SADR_MBHF |

» . Frame Header Data Field Offset Slot Status

| Message Buffer Header Field

MBCCSRn MBCCFRn MBFIDRn MBIDXRn

| Message Buffer Control Registers |

Figure 3-98. Individual Message Buffer Structure

3.4.3.1.1 Individual Message Buffer Segments

The set of the individual message buffers can bewgpinto two message buffer segments using the
Message Buffer Segment Size astdization Register (MBSSUTRAIl individual message buffers with

a message buffer number n <= MBSIRRILAST_MB_SEGL1 belong to the first message buffer segment.
All individual message buffensith a message buffer number MBSSUTR.LAST_MB_SEGL1 belong

to the second message buffer segnieme. following rules apply to tHength of the message buffer data
field:

« all physical message buffers associated teithail message buffers that belong to the same
message buffer segment mhave message buffer data fields of the same length

* the minimum length of the message buffer dald fior individual messagbuffers in the first
message buffer segmenig MBDSR.MBSEG1DS bytes

* the minimum length of the messhgffer data field foindividual message bigfrs assigned to the
second segment is 2 * MBDSR.MBSEG2DS bytes.
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3.4.3.2 Receive Shadow Buffers

The receive shadow buffers are required for the dregaeption process for individual message buffers.
The FlexRay module provides four receive shadow mjftane receive shadow buffer per channel and per
message buffer segment.

Each receive shadow buffeonsists of two parts, éhphysical message buffechkied in the FRM and the
receive shadow buffer control regisd located in dedicated registers. The structure of a receive shadow
buffer is shown irFigure 3-99 The four internal shadow buffeomtrol registers can be accessed by the
Receive Shadow Buffer Index Register (RSBIR)

The connection between the receivadiw buffer control register amloe physical message buffer for the
selected receive shadow buffer is established éydbeive shadow buffendex field RSBIDX in the
Receive Shadow Bufféndex Register (RSBIR)he start address SADR_MBtHof the related message
buffer header field in the AR is determined according tquation 3-3

SADR_MBHF = (RSBIR.RSBIDX * 10) + 0x800 Eqgn. 3-3

The length required for the message buffer datd filepends on the message buffer segment that the
receive shadow buffer is assignedFor the receive shadow buffassigned to the first message buffer
segment, the length must be the same as fontli@dual message buffers assigned to the first message
buffer segment. For the receive dbw buffers assigned the second message bufsegment, the length
must be the same as for the indual message buffers assignedhe second message buffer segment.
The receive shadow buffer assignment is describ&®aeive Shadow Buffer Index Register (RSBIR)

>= MBDSR.MBSEG(1,2] * 2 bytes

|- >
SADR_MBDF

2 Frame Data é
| Message Buffer Data Field

SADR_MBHF

' Frame Header | Data Field Offset Slot Status
| Message Buffer Header Field |

RSBIDX_0 ]
| TNODTO7 _

Receive Shadow Buffer Control Register

Figure 3-99. Receive Shadow Buffer Structure

3.4.3.3 Receive FIFO

The receive FIFO implements aifne reception system based onRHeO concept. The FlexRay module
provides two independent reeeiFIFOs, one per channel.
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A receive FIFO consists afset of physical message buffers imBRM and a set of receive FIFO control
registers located in dedicated registerse $tiucture of a receive FIFO is giverFigure 3-100

The connection between the receRlEO control registers and thet & physical message buffers is
established by the start index field SIDX in feceive FIFO Starhdex Register (RFSIR)he FIFO

depth field FIFO_DEPTH in theeceive FIFO Depth arsize Register (RFDSRand the read index field
RDIDX Receive FIFO A Read Index Register (RFARIReceive FIFO B Read Index Register

(RFBRIR). The start address SADR_MBHF _1 of the first message buffer header field that belongs to the
receive FIFO in the FRM is determined accordingdgoation 3-4

SADR_MBHF_1 = (RFSIR.SIDX * 10) + 0x800 Eqn. 3-4

The start address SADR_MBHF_n oétlast message buffer header figtldt belongs to the receive FIFO
in the FRM is determined accordingEquation 3-5

SADR_MBHF_n = ((RFSIR.SIDX+RFDSR.FIFO_DEPTH) * 10) + 0x800 Eqgn. 3-5

NOTE

All message buffer header fields assigned to a receive FIFO must be a
contiguous region.
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>= RFDSR.ENTRY_SIZE * 2 bytes

S -
SADR_MBDF_n
> é FrameData n é -
'_
; i
SADR_MBDF_i DI
> é FrameData i é S
[TH
5
SADR_MBDF_1 E
> é FrameData 1 é T
= | Message Buffer Data Fields
o
(T
SADR_MBHF _n |
~—> ' Frame Headern | Data Field Offset n Slot Status n -
; g
SADR_MBHF_i . | gl
— - ' Frame Headeri | Data Field Offset i Slot Status i 8
[TH
SADR_MBHF_1 ' | E
[ ' Frame Header 1 | Data Field Offset 1 Slot Status 1 T
| Message Buffer Header Fields |
RFDSR RFSIR RFARIR -|
L 1 1

I Receive FIFO Control Register —

Figure 3-100. Receive FIFO Structure

3.43.4 Message Buffer Configuration and Control Data

This section describes the configuration andtrol data for each message buffer type.

3.4.3.4.1 Individual Message Buffer Configuration Data

Before an individual message buffer can be usettdosmission or receptioit,must be configured.
There is a set of common configuratiparameters that applies to alfividual message buffers and a set
of configuration parameters that applie each message buffer individually.

Common Configuration Data

The set of common configuran data for indivilual message buffeislocated in the following registers.
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* Message Buffer Dat3ize Register (MBDSR)
The MBSEG2D&nd MBSEG1DS fields define the minimum length of the message buffer data
field with respect to the message buffer segment.

* Message Buffer Segment Size auidization Register (MBSSUTR)
The LAST_MB_SEGI1 and LAST_MBJTIL fields define the segemtation of the individual
message buffers and the numbeindividual message buffers thate used. For more details, see
Section 3.4.3.1.1, “Individual Message Buffer Segnients

Specific Configuration Data

The set of message buffer specific configuration data for individusdage buffers is located in the
following registers.
* Message Buffer Configuration, Coal, Status Registers (MBCCSRn)
The MCM, MBT, MTD bits confjure the message buffer type.
* Message Buffer Cycle Counter Filter Registers (MBCCFRn)
The MTM, CHA, CHB bits configure the transmission mode and the channel assignment. The
CCFE, CCFMSK, and CCFVAL bits and fild configure the cycle counter filter.
» Message Buffer Frame ID Registers (MBFIDRN)
For a transmit message buffer, #i® field is used to determine the slot in which the message in
this message buffer will be transmitted.
* Message Buffer IndeRegisters (MBIDXRn)
This MBIDX field provides the index of the megge buffer header field of the physical message
buffer that is currently assoogt with this message buffer.

3.4.3.5 Individual Message Buffer Control Data

During normal operation, each individumessage buffer can be controllegthe control and trigger bits
CMT, LCKT, EDT, and MBIE in theéMlessage Buffer Configuratioontrol, Status Registers
(MBCCSRN)

3.4.3.6 Receive Shadow Buffer Configuration Data

Before frame reception into the intlual message buffers can be peried, the receive shadow buffers
must be configured. The configuion data are provided by tReceive Shadow Buffer Index Register
(RSBIR). For each receive shadow buffie application provides the mage buffer header index. When
the protocol is in thé or state, the receive shadow buffers are
under full FlexRay module control.

3.4.3.7 Receive FIFO Control and Configuration Data

This section describes the configuration &ontrol data for the two receive FIFOs.

3.4.3.71 Receive FIFO Configuration Data

The FlexRay module provides two completely indepahdeceive FIFOs, one per channel. Each FIFO
has its own set of configuration data. The configuration data are located in the following registers:
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* Receive FIFO Starhdex Register (RFSIR)

* Receive FIFO Depth arize Register (RFDSR)

* Receive FIFO Message IBcceptance Filter VakiRegister (RFMIDAFVR)
* Receive FIFO Message IBcceptance Filter Mask Register (RFMIAFMR)
* Receive FIFO Frame ID Rejectiéiiiter Value Register (RFFIDRFVR)

* Receive FIFO Frame ID Rejecti6iiter Mask Register (RFFIDRFMR)

* Receive FIFO Range Filter Configuration Register (RFRFCFR)

3.4.3.7.2 Receive FIFO Control Data

The application can access theaiwe FIFO at any time usj the values provided in tfeceive FIFO A
Read Index Register (RFARIRndReceive FIFO B Read Index Register (RFBRIR) update the
Receive FIFO A Readtex Register (RFARIR}he application must writé’ to the FIFO A Not Empty
Interrupt Flag FNEAIF in th&lobal Interrupt Flag anBnable Register (GIFER]Jo update th®eceive
FIFO B Read Index Register (RFBRIRE application must write ‘1’ tthe FIFO B Not Empty Interrupt
Flag FNEBIF in the5lobal Interrupt Flag anBinable Register (GIFEREach update increments the
related read index. If thead index has reached the IBBtO entry, it wraps bado the FIFO start index.

NOTE

The read index is increanted or wrapped on each update, even if the FIFO
is empty. The update of an empty fiisults in an non-empty FIFO and the
FIFO non-empty FIFO is set to ‘1.

3.44 FlexRay Memory Layout
The FlexRay module supports a widaga of possible layouts for the FRMgure 3-101shows an
example layout. The following set of rules appliethi® layout of the FRM:

* The FRM is a contiguous region.

*  The maximum size of the FRM is 6 Kbytes.

* The FRM starts at address 0x800.

The FRM contains three areas: thessage buffer header ar¢hemessage buffer data areand thesync
frame table areaThe areas are described in this section.
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Device Memory

Sync Frame Table Area

t Message Buffer Data Area
A A ' Frame Header | DataField Offset [ Slot Status
s Message Buffer Header Fields
o eceive FIFO B
s f _____ v_ o :_Frame Header Data Field Offset Slot Status
o 3 A ' Frame Header Data Field Offset Slot Status
[T )
o Message Buffer Header Fields
I eceive FIFO A
_gt: _________ ' Frame Header Data Field Offset Slot Status
E A ' Frame Header Data Field Offset Slot Status
(]
=2 Mlesds_a%e Eiu'\f/{er Headgr Eields
% ndiviqual Message butters *_ Frame Header Data Field Offset lot Stat
2 N o ot aca rame Header | Data Field Offset [ Slot Status
E ]
v v + ' Frame Header | DataField Offset [ Slot Status

0x800 / ‘4 10 bytes >

Figure 3-101. Example of FRM Layout

3.4.41 Message Buffer Header Area

The message buffer header area contains all melsgigeheader fields of thphysical message buffers
for all message buffer types. The following rules applthe message buffer header fields for the three
type of message buffers.

1. The start address SADR_MBHF of eambssage buffer header field fodividual message
buffersandreceive shadow bufferaust fulfill Equation 3-6

SADR_MBHF = (i * 10) + 0x800; (0 <= i <132) Eqn. 3-6

2. The start address SADR_MBHF of eanbssage buffer header field for teeeive FIFOmust
fulfill Equation 3-7

SADR_MBHF = (i * 10) + 0x800; (0 <= i < 1024) Eqn. 3-7

3. The message buffer head@ids for a receive FIFO lia to be a contiguous area.

3.4.4.2 Message Buffer Data Area

The message buffer data area corstaill the message buffer data fields of the physical message buffers.
Each message buffer data fiehust start at a 16-bit boundary.
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3.4.4.3 Sync Frame Table Area

The sync frame table areauised to provide a copy of the internahs frame tables fapplication access.
Refer toSection 3.4.12, “Sync Frame ID aSgnc Frame Deviation Tabl&er the description of the sync
frame table area.

3.4.5 Physical Message Buffer Description

This section provides a detailedsdeption of the usage and the camitof the two parts of a physical
message buffer, the message buffer header field and the message buffer data field.

3.4.51 Message Buffer Protection and Data Consistency

The physical message buffene located in the FRM. The FlexRaodule provides no means to protect
the FRM from uncontrolled or illegal host or other cliamite access. To ensure data consistency of the
physical message buffers, the apgiicn must follow thevrite access scheme that is given in the
description of each of théngsical message buffer fields.

3.4.5.2 Message Buffer Header Field Description

This section provides a detailed d@sitton of the usage and contenttbé message buffer header field. A
description of the structarof the message buffer header fields is giv&ertion 3.4.2.1, “Message Buffer
Header Field Each message buffer headelidi consists of three sections: the frame header section, the
data field offset, and the slotstis section. For a detailed desdaptof the Data Field Offset, see

Section 3.4.2.1.2, “Data Field Offset

3.4.5.21 Frame Header Section Description

Frame Header Section Content
The semantic and content of the frame headetion depends on the message buffer type.

For individual receive messabaffers and receiveIFOs, the frame header receives the frame header data
of thefirst valid framereceived on the assigned channels.ré@eive message buffer is assigned to both
channels, the first valid frame receivedetiner channel A or channel B is stored.

For receive shadow buffers, the fraheader receives the frarheader data of the current frame received
regardless of whetherdHrame is valid or not.

For single and double transmiessage buffers, the applicat writes the fame header of thframe to be
transmitted into this location. The frame header will be read out when the frame is transferred to the
FlexRay bus.

The structure of the frame header in the message buffer header field is diiguran3-102 A detailed
description of the frame header fields is giveiable 3-81
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15 14 13 12 11 10 9 8 7 6 4 ‘ 3 2 1 0
0x0 [ R* [ PPI [ NUF | SYF | SUF |
0x2 CYCCNT | PLDLEN
Ox4 1] HDCRC

|:| = not used for TX message buffers, not updated for RX message buffers
Figure 3-102. Frame Header Structure

Frame Header Section Access

The frame header is located in the FRM. To ensureatmsistency, the applit@n must follow the write
access scheme described below.

For receive message buffers, receive shadow buffedgeaeive FIFOs, the application must not write to
the frame header field.

For transmit message bufferse ipplication must follow the e access restrictions givenTiable 3-80

This table shows the condition undenich the application can write the frame header entries. In
general, the application can modify all fratreader entries when the protocol is in ftre state

or when the message buffer is disabled. For message buffers assigned to the dynamic segment, the
application can modify all frame header entries ektepframe ID when the message buffer is locked.

Table 3-80. Frame Header Write Access Constraints

TX
Single Buffered Double Buffered
Field
Static Dynamic Static Segment Dynamic Segment
Segment Segment Commit Side Transmit Side Commit Side Transmit Side
FID or MB_DIS

R*, PPI
NUF, SYF or o
CYSCU(;:NT or MB_DIS or MB_DIS or
PLDLEN MB_DIS or MB_DIS or MB_DIS
HDCRD MB_LCK MB_LCK

The frame header entries NUF, SYF, SUF, and CYC@i¢Tnot used for framieansmission. These values
are generated internally before frame trassmon depending on the current transmission state and

configuration.

For transmit message buffers assigned tetigc segment, the PLDLEN value must be equal to the value
of the payload_length_static field in tReotocol Configuratin Register 19 (PCRL1I¥ this is not

fulfilled, the static payload length error flag SPL_EF in@t¢ Error Flag Register (CHIERFRS set

when the message buffer is under transmission. TlyeR&rates a syntacticalipd semantically correct

frame with payload_length_static payload words and the payload length field in the frame header set to
payload_length_static.
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For transmit message buffers assigned talytmamicsegment, the PLDLEN value must be less than or

equal to the value of the max yb@ad_length_dynamic field in tHerotocol Configuration Register 24
(PCR24) If this is not fulfilled, the dynamipayload length error flag DPL_EF in t@&l Error Flag
Register (CHIERFRIs set when the message buffer is under transmission. The PE generates a
syntactically and semanticaltprrect dynamic frame with PLDLENayload words and the payload
length field in the framéeader set to PLDLEN.

Table 3-81. Frame Header Field Descriptions

Field

Description

R*

Reserved Bit — This bit corresponds to the Reserved bit in the FlexRay frame header.

* For receive and FIFO message buffers, this is a status bit and represents the value of the Reserved bit in the
frame received on the FlexRay bus in the corresponding slot.

¢ For transmit message buffers, this is a control bit. The FlexRay module transmits this within the frame header.

Note: For protocol compliant operation, this control bit must be set to ‘0’ for transmit message buffers.

PPI

Payload Preamble Indicator — This bit corresponds to the Payload Preamble Indicator in the FlexRay frame

header.

* For receive and FIFO message buffers, this is a status bit and represents the value of the Payload Preamble
Indicator of the first valid frame received on the FlexRay in the slot indicated by the CYCCNT field.

* For transmit message buffers, this is a control bit. The FlexRay module uses this value to set the Payload
Preamble Indicator in the frame header of the frame to transmit.

0 No network management vector or message ID in frame payload data

Static Segment: Frame payload data contains network management vector

Dynamic Segment: Frame payload data contains message 1D

—_

NUF

Null Frame Indicator — This bit corresponds to the Null Frame Indicator in the FlexRay frame header.

* For receive message buffers and receive FIFOs, this is a status bit and represents the value of the Null Frame
Indlicator of the first valid frame received on the FlexRay bus in the slot indicated by the CYCCNT field.

¢ For transmit message buffers, the value of this bit is ignored. The FlexRay module determines internally
whether a null frame or non-null frame must be transmitted and sets the Null Frame Indicator accordingly.

0 Null frame received

1 Normal frame received

SYF

Sync Frame Indicator — This bit corresponds to the Sync Frame Indicator in the FlexRay frame header.

* Forreceive message buffers and receive FIFOs, this is a status bit and represents the value of the Sync Frame
Indicator of the first valid frame received on the FlexRay bus in the slot indicated by the CYCCNT field.

* For transmit message buffers, the value of this bit is ignored. The FlexRay module determines internally
whether a sync frame must be transmitted and sets the Sync Frame Indicator accordingly.

SUF

Startup Frame Indicator — This bit corresponds to the Startup Frame Indicator in the FlexRay frame header.

* For receive message buffers and receive FIFOs, this is a status bit and represents the value of the Startup
Frame Indicator of the first valid frame received on the FlexRay bus in the slot indicated by the CYCCNT field

* For transmit message buffers, the value of this bit is ignored. The FlexRay module determines internally
whether a startup frame must be transmitted and sets the Startup Frame Indicator accordingly.

FID

Frame ID

* For receive message buffers and receive FIFOs, this field provides the value of the Frame ID field of the first

valid frame received on the FlexRay bus in the slot indicated by the CYCCNT field.

¢ For transmit message buffers, this field provides the value that will be transmitted in the Frame ID field of the

FlexRay frame.

Note: For transmit message buffers, the application must program this field to the same value as in the
corresponding Message Buffer Frame ID Registers (MBFIDRn). If the FlexRay module detects a mismatch
while transmitting the frame header, it will set the frame ID error flag FID_EF in the CHI Error Flag Register
(CHIERFR). The value of the FID field will be ignored and replaced by the value provided in the Message
Buffer Frame ID Registers (MBFIDRn).
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Table 3-81. Frame Header Field Descriptions (Continued)

Field Description

CYCCNT |Cycle Count

* For receive message buffer and receive FIFOs, this field provides the number of the communication cycle in
which the frame stored in this message buffer was received.

¢ For transmit message buffers, the value of this field is ignored. The FlexRay module will overwrite this value
with the current cycle count value when it transmits the frame.

PLDLEN | Payload Length in 16-Bit Units

* For receive message buffers and receive FIFOs, this field provides the value of the payload length field of the
first valid frame received on the FlexRay bus in the slot indicated by the FID field.

* For transmit message buffers assigned to the static segment, this value is ignored for the frame generation.

The FlexRay module uses the value in the PCR19.paylaod_length_static to set the value of the Payload length
field in the transmitted frame.

¢ For transmit message buffers assigned to the dynamic segment, this value is used to set the value of the
Payload length field in the transmitted frame.

Note: The value of this field is given in numbers of 16-bit units

HDCRC Header CRC

* For receive and FIFO message buffers, this field provides the value of the Header CRC of the received frame.
¢ For transmit message buffers, this field provides the Header CRC value as it was given by the application.The
FlexRay module transmits this value in the Header CRC field of the transmitted frame.

3.45.2.2 Data Field Offset Description

Data Field Offset Content
For a detailed description of the Data Field Offset,Ssstion 3.4.2.1.2, “Data Field OffSet

Data Field Offset Access

The application shall program the Data Field Offset when configtimmgnessage buffers either in the
state or when the message buffer is disabled.

3.45.2.3 Slot Status Description

The slot status is a read-only structure for fhyalieation and a write-only structure for the FlexRay
module. The meaning and content of the slot siattlee message buffer header field depends on the
message buffer type.

Receive Message Buffer and Receive FIFO Slot Status Description

This section describes the slot status structure for the individieaVeemessage buffers and receive
FIFOs. The content of the sloasiis structure for receive messagéfers depends on the message buffer
type and on the channel assignment for irtlial receive message buffers as givefdiyle 3-82
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Table 3-82. Receive Message Buffer Slot Status Content

Receive Message Buffer Type Slot Status Content

Individual Receive Message Buffer assigned to both channels
MBCCSRn.CHA="1" and MBCCSRn.CHB="1’

see Figure 3-103

Individual Receive Message Buffer assigned to channel A
MBCCSRn.CHA="1" and MBCCSRn.CHB="0’

see Figure 3-104

Individual Receive Message Buffer assigned to channel B
MBCCSRn.CHA='0' and MBCCSRn.CHB="1’

see Figure 3-105

Receive FIFO Channel A Message Buffer see Figure 3-104

Receive FIFO Channel B Message Buffer see Figure 3-105

The meaning of the bits in the slot status structure is explairkbla 3-83

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| VFB | SYB | NFB | SUB | SEB | CEB [ BVB | CH | VFA | SYA | NFA | SUA [ SEA [CEA[BVA | 0
Reset - - - - - - - - - - - - - - - -
Figure 3-103. Receive Message Buffer Slot Status Structure (ChAB)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl 0 o | o] o 0o | o | o | o |[VFA|SYA|NFA|SUA|SEA[CEA|BVA| 0
Reset - - - - - - - - - - - - - - - -
Figure 3-104. Receive Message Buffer Slot Status Structure (ChA)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| VFB | SYB | NFB | SUB | SEB | CEB | BVB | f o | o] oo o o] oo
Reset - - - - - - - - - - - - - - - -
Figure 3-105. Receive Message Buffer Slot Status Structure (ChB)
Table 3-83. Receive Message Buffer Slot Status Field Descriptions
Field Description
Common Message Buffer Status Bits
15 Valid Frame on Channel B — protocol related variable: vSS!ValidFrame channel B
VFB 0 vSS!ValidFrame = ‘0’
1 vSS!/ValidFrame = ‘1’
14 Sync Frame Indicator Channel B — protocol related variable: vRF!/Header!SyFIndicator channel B
SYB 0 vRF!Header!SyFlIndicator = ‘0’
1 vRF!Header!SyFindicator = ‘1’
13 Null Frame Indicator Channel B — protocol related variable: vRF!Header!/NFindicator channel B
NFB 0 vRF!Header!NFindicator = ‘0’
1 vRF!Header!NFIndicator = ‘1’
12 Startup Frame Indicator Channel B — protocol related variable: vRF/Header!SuFindicator channel B
SuUB 0 vRF!Header!SuFIndicator = ‘0’
1 vRF!Header!SuFIndicator = ‘1’
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Table 3-83. Receive Message Buffer Slot Status Field Descriptions (Continued)

Field Description

11 Syntax Error on Channel B — protocol related variable: vSS!SyntaxError channel B
SEB 0 vSS!SyntaxError="0’
1 vSS!SyntaxError =1’

10 Content Error on Channel B — protocol related variable: vSS!/ContentError channel B
CEB 0 vSSIContentError =0’
1 vSS!ContentError=*1’

9 Boundary Violation on Channel B — protocol related variable: vSS/BViolation channel B
BVB 0 vSS!BViolation = ‘0’
1 vSS!/BViolation = ‘1’

8 Channel first valid received — This status bit applies only to receive message buffers assigned to the static
CH segment and to both channels. It indicates the channel that has received the first valid frame in the slot. This flag
is set to ‘0’ if no valid frame was received at all in the subscribed slot.

0 first valid frame received on channel A, or no valid frame received at all
0 first valid frame received on channel B

7 Valid Frame on Channel A — protocol related variable: vSS!ValidFrame channel A
VFA 0 vSS!ValidFrame = ‘0’
1 vSS!ValidFrame = ‘1’

6 Sync Frame Indicator Channel A — protocol related variable: vRF/Header!SyFindicator channel A
SYA 0 vRF!Header!SyFlIndicator = ‘0’
1 vRF!Header!SyFindicator = ‘1’

5 Null Frame Indicator Channel A — protocol related variable: vRF/Header!NFindicator channel A
NFA 0 vRF!Header!NFindicator = ‘0’
1 vRF!Header!NFindicator = ‘1’

4 Startup Frame Indicator Channel A — protocol related variable: vRF!/Header!SuFIndicator channel A
SUA 0 vRF!Header!SuFindicator = ‘0’
1 vRF!Header!SuFindicator = ‘1’

3 Syntax Error on Channel A — protocol related variable: vSS!SyntaxError channel A
SEA 0 vSS!SyntaxError="0
1 vSS!SyntaxError="1’

2 Content Error on Channel A — protocol related variable: vSS/ContentError channel A
CEA 0 vSS!ContentError="0’
1 vSS!ContentError= ‘1’

1 Boundary Violation on Channel A — protocol related variable: vSS/BViolation channel A
BVA 0 vSS!BViolation = ‘0’
1 vSS!/BViolation = ‘1’

Transmit Message Buffer Slot Status Description

This section describes tbt status structure foransmit message buffers. IRthe TCA and TCB status
bits are directly related to the tsanission process. All other status hitghis structure are related to a
receive process that may have aced. The content of the slot siatstructure for transmit message
buffers depends on the channel assignment as givéalby 3-84
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Table 3-84. Transmit Message Buffer Slot Status Content

Transmit Message Buffer Type Slot Status Content

Individual Transmit Message Buffer assigned to both channels see Figure 3-106
MBCCSRn.CHA="1" and MBCCSRn.CHB="1’

Individual Transmit Message Buffer assigned to channel A see Figure 3-107
MBCCSRn.CHA="1" and MBCCSRn.CHB="0’

Individual Transmit Message Buffer assigned to channel B see Figure 3-108
MBCCSRn.CHA='0' and MBCCSRn.CHB="1’

The meaning of the bits in the skiitus structure is describedTiable 3-83

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
R‘ VFB \ SYB \ NFB \ SUB | SEB \ CEB \ BVB \ TCB | VFA \ SYA \ NFA \ SUA | SEA | CEA \ BVA \ TCA \
Reset

Figure 3-106. Transmit Message Buffer Slot Status Structure (ChAB)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R\ 0 \ 0 \ 0 \ 0 0 \ 0 \ 0 \ o | VvFa \ SYA \ NFA \ SUA | SEA | CEA \ BVA \ TCA \
Reset

Figure 3-107. Transmit Message Buffer Slot Status Structure (ChA)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| VFB | SYB | NFB | SuB | SEB [CEB[BVB|TCB| 0 | 0 | 0 [ © o [ o] o] o]
Reset — - - - - - - - - - - - - - - -
Figure 3-108. Transmit Message Buffer Slot Status Structure (ChB)
Table 3-85. Transmit Message Buffer Slot Status Structure Field Descriptions
Field Description
15 Valid Frame on Channel B — protocol related variable: vSS!ValidFrame channel B

VFB 0 vSS!ValidFrame = ‘0’
1 vSS!ValidFrame = ‘1’

14 Sync Frame Indicator Channel B — protocol related variable: vRF/Header!SyFIndicator channel B
SYB 0 vRF!Header!SyFIndicator = ‘0’
1 vRF!Header!SyFIndicator = ‘1’

13 Null Frame Indicator Channel B — protocol related variable: vRF!Header!NFindicator channel B
NFB 0 vRF!Header!NFindicator = ‘0’
1 vRF!Header!NFindicator = ‘1’

12 Startup Frame Indicator Channel B — protocol related variable: vRF/Header!SuFIndicator channel B
SUB 0 vRF!Header!SuFindicator = ‘0’
1 vRF!Header!SuFIndicator = ‘1’

11 Syntax Error on Channel B — protocol related variable: vSS!SyntaxError channel B
SEB 0 vSS!SyntaxError="‘0’
1 vSS!/SyntaxError="1’

10 Content Error on Channel B — protocol related variable: vSS!ContentError channel B
CEB 0 vSS!ContentError="0’
1 vSS!ContentError=*1’
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Table 3-85. Transmit Message Buffer Slot Status Structure Field Descriptions (Continued)

Field Description

9 Boundary Violation on Channel B — protocol related variable: vSS!/BViolation channel B
BVB 0 vSS!BViolation = ‘0’
1 vSS!BViolation = ‘1’

8 Transmission Conflict on Channel B — protocol related variable: vSS!/TxConflict channel B
TCB 0 vSS!TxConflict =0’
1 vS8S!/TxConflict =1’

7 Valid Frame on Channel A — protocol related variable: vSS!ValidFrame channel A
VFA 0 vSS!ValidFrame = ‘0’
1 vSS!ValidFrame = ‘1’

6 Sync Frame Indicator Channel A — protocol related variable: vRF/Header!SyFindicator channel A
SYA 0 vRF!Header!SyFIndicator = ‘0’
1 vRFI/Header!SyFindicator = ‘1’

5 Null Frame Indicator Channel A — protocol related variable: vRF/Header!NFindicator channel A
NFA 0 vRF!Header!NFindicator = ‘0’
1 vRFI/Header!NFindicator = ‘1’

4 Startup Frame Indicator Channel A — protocol related variable: vRF!/Header!SuFIndicator channel A
SUA 0 vRF!Header!SuFindicator = ‘0’
1 vRF!Header!SuFIindicator = ‘1’

3 Syntax Error on Channel A — protocol related variable: vSS!SyntaxError channel A
SEA 0 vSSISyntaxError="0’
1 vSS!SyntaxError="1’

2 Content Error on Channel A — protocol related variable: vSS/ContentError channel A
CEA 0 vSS!ContentError="0’
1 vSS!ContentError= ‘1’

1 Boundary Violation on Channel A — protocol related variable: vSS/BViolation channel A
BVA 0 vSS!BViolation = ‘0’
1 vSS/BViolation = ‘1’

0 Transmission Conflict on Channel A — protocol related variable: vSS!TxConflict channel A
TCA 0 vSS!TxConflict="‘0’
1 vS8S!/TxConflict =1’

3.4.5.3 Message Buffer Data Field Description

The message buffer data field is used to store theefpmayload data, or a part of it, of the frame to be
transmitted to or received from the FlexRay Bitse minimum required length of this field depends on
the message buffer type that the physical ages$®uffer is assigned to and is givefamle 3-86 The
structure of the message buffer data field is givefignre 3-109

Table 3-86. Message Buffer Data Field Minimum Length

physical n?essage buffer minimum length defined by
assigned to
Individual Message Buffer in Segment 1 MBDSR.MBSEG1DS
Receive Shadow Buffer in Segment 1 MBDSR.MBSEG1DS
Individual Message Buffer in Segment 2 MBDSR.MBSEG2DS
Receive Shadow Buffer in Segment 2 MBDSR.MBSEG2DS
Receive FIFO for channel A RFDSR.ENTRY_SIZE (RFSR.SEL = 0)
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Table 3-86. Message Buffer Data Field Minimum Length

physical message buffer
assigned to

Receive FIFO for channel B RFDSR.ENTRY_SIZE (RFSR.SEL = 1)

NOTE

The FlexRay module will not acceasy locations outside the message
buffer data field boundaries given bgble 3-86

minimum length defined by

15 14 13 12 ‘ 11 10 9 8 7 6 5 4 ‘ 3 2 1 0
0x0 DATAOQ / MIDO / NMVO DATA1 / MID1 / NMV1
0x2 DATA2 / NMV2 DATA3 / NMV3
0xN-2 DATA N-2 DATA N-1

Figure 3-109. Message Buffer Data Field Structure

The message buffer data field is located in the FRM; thus, the FlexRay module has no means to control
application write access to the fielth ensure data consistency, tipplécation must follow a write and
read access scheme.

3.4.5.3.1 Message Buffer Data Field Read Access

For transmit message buffers, thexRay module will not mdify the content of the Message Buffer Data
Field. Thus the application can relaalck the data at any time without any impact on data consistency.

For receive message bufféehe application must lock the related receive message buffer and retrieve the
message buffer header index from ihessage Buffer Index Registers (MBIDXR\Yhile the message
buffer is locked, the FlexRay module will ngbdate the Messad@uffer Data Field.

For receive FIFOs, the application aaad the message buffer indicated byRleeeive FIFO A Read
Index Register (RFARIR)r theReceive FIFO B Readtlex Register (RFBRIRyhen the related receive
FIFO non-empty interrupt flag FNHR or FNEBIF is set in th&lobal Interrupt Flagind Enable Register
(GIFER). While the non-empty interrupt flag is séte FlexRay module will not update the Message
Buffer Data Field related tmessage buffer indicated Bgceive FIFO A Read Index Register (RFARIR)
or theReceive FIFO B Read Index Register (RFBRIR)

3.4.5.3.2 Message Buffer Data Field Write Access

For receive message buffers, receive shadow buffedlgeaeive FIFOs, the application must not write to
the message buffer data field.

For transmit message buffers, the application rfulistw the wite access restrictions giveniable 3-87
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Table 3-87. Frame Data Write Access Constraints

double buffered
Field single buffered
commit side transmit side
DATA, MID, NMV or MB_DIS or MB_DIS or MB_DIS
or MB_LCK or MB_LCK

Table 3-88. Frame Data Field Descriptions

Field Description

DATA[0:N-1] | Message Data — Provides the message data received or to be transmitted.

For receive message buffer and receive FIFOs, this field provides the message data received for this message
buffer.

For transmit message buffers, the field provides the message data to be transmitted.

MID[0:1] | Message ldentifier — If the payload preamble bit PPI is set in the message buffer frame header, the MID field
holds the message ID of a dynamic frame located in the message buffer. The receive FIFO filter uses the received
message |D for message ID filtering.

NMV[0:11] | Network Management Vector — If the payload preamble bit PPI is set in the message buffer frame header, the
network management vector field holds the network management vector of a static frame located in the message
buffer.

Note: The MID and NMV bytes replace the corresponding DATA bytes.

3.4.6 Individual Message Buffer Functional Description

The FlexRay module provides three lsagpes of individual message buffers:
1. Single Transmit Message Buffers
2. Double Transmit Message Buffers
3. Receive Message Buffers
Before an individual message buffer can be used, it bausbnfigured by the appation. After the initial

configuration, the message buffer tereconfigured later. The settbé configuration data for individual
message buffers is given3ection 3.4.3.4.1, “Individual MessaBeffer Configuration Data

3.4.6.1 Individual Message Buffer Configuration

The individual message buffer configuration consists of two steps. rEhetép is the allocation of the
required amount of memory for the FRM. Them®t step is the programming of the message buffer
configuration registers, whidk described in this section.

3.4.6.1.1 Common Configuration Data

One part of the message buffentiguration data is common to atidividual message buffers and the
receive shadow buffers. These data can only be set when the protocol is@nthenfigstate.

The application configures the nber of utilized individual messagouffers by writing the message
buffer number of the last utilized messag#fer into the LAST_MB_UTIL field in thé/lessage Buffer
Segment Size and Utilization Register (MBSSUTR)

MFR4300 Data Sheet, Rev. 3

Freescale Semiconductor 151



FlexRay Module (FLEXRAYV2)

The application configures thezeiof the two segmentd individual message buffers by writing the
message buffer number of the lastssage buffer in the first segmemnto the LAST_MB_SEG1 field in
theMessage Buffer Segment Size and Utilization Register (MBSSUTR)

The application configures the length of the messadfer data fields for both of the message buffer
segments by writing to the MBSEG2DS and MBSEG1DS fields iMixssage Buffer Data Size
Register (MBDSR).

Depending on the current receive functionality of the FlexRay modelepiblication must configure the
receive shadow buffers. For each segment aneaitin channel with atdst one individual receive
message buffer assigned, the aggilon must configure the relategteive shadow buffer using the
Receive Shadow Buffer Index Register (RSBIR)

3.4.6.1.2 Specific Configuration Data

The second part of the message buffer condigom data is specific for each message buffer.

These data can be ¢iged only when either
» the protocol is in the state or
» the message buffer is dileal, i.e. MBCCSRN.EDS =0

The individual message buffer type is defined by the MTD and MBT bits iMéssage Buffer
Configuration, Control, &tus Registers (MBCCSRa} given infable 3-89

Table 3-89. Individual Message Buffer Types

MBCCSRn.MTD MBCCSRn.MBT Individual Message Buffer Description
0 0 Receive Message Buffer
0 1 Reserved
1 0 Single Transmit Message Buffer
1 1 Double Transmit Message Buffer

The message buffer specific configuration data are

MCM, MBT, MTD bits inMessage Buffer Configurationo@trol, Status Registers (MBCCSRn)
all fields and bits itMessage Buffer Cycle CountEilter Registers (MBCCFRn)

all fields and bits itMessage Buffer Frame ID Registers (MBFIDRnN)

all fields and bits itMessage Buffer IndeRegisters (MBIDXRn)

The meaning of the specific configumat data depends on the message bujfee, as given in the detailed

message buffer type descriptiddsction 3.4.6.2, “Single Tramit Message BuffetsSection 3.4.6.3,
“Receive Message Buffétsand Section 3.4.6.4, “Double Transmit Message Bliffer

pwbdhE

3.4.6.2 Single Transmit Message Buffers

The section provides a detl description of the futionality of single bufferetransmit message buffers.

A single transmit message buffeused by the application to providessage data to the FlexRay module
that will be transmitted over thedXdRay Bus. The FlexRay module uses the transmit message buffers to
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provide information about the transsion process and status inforroatabout the slot in which message
was transmitted.

The individual message buffer with message buffer numisszonfigured to be a single transmit message
buffer by the following settings:

« MBCCSRN.MBT = ‘0’ (single buffered message buffer)
e MBCCSRN.MTD = ‘1’ (transmit message buffer)

3.4.6.2.1 Access Regions

To certain message buffer fields, btihe application and the FlexRaypdule have access. To ensure data
consistency, a message buffer locking scheme is ingpieed, which is used to control the access to the
data, control, and status bitsaomessage buffer. The access regions for single transmit message buffers
are depicted ifrigure 3-110 A description of the regions is givenTliable 3-90 If an region is active as
indicated inTable 3-91 the access scheme given for that region applies to the message buffer.

Message Buffer Header Field: Frame Header NJF

CFG Message Buffer Header Field: Data Field Offset

MBIDXRn.MBIDX

1
MBCCSRn.CMT CI\J/IT

Message Buffer Data Field: DATA[0-N]

Message Buffer Header Field: Slot Status

MBCCSRn.MBT/MTD

MBCCFRn.MTM/CHA/CHB/CCF* SR

MBFIDRn.FID

Figure 3-110. Single Transmit Message Buffer Access Regions

Table 3-90. Single Transmit Message Buffer Access Regions Description

Access from
Region Region used for
Application Module

CFG read/write - Message Buffer Configuration
MSG read/write - Message Data and Slot Status Access

NF - read-only Message Header Access for Null Frame Transmission
TX - read/write Message Transmission and Slot Status Update

CM - read-only Message Buffer Validation

SR - read-only Message Buffer Search

The trigger bits MBCCSRn.EDT and MBCCSRnN.LCKT, and the interrupt enable bit MBCCSRn.MBIE
are not under access control and caadmessed from the application at any time. The status bits
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MBCCSRN.EDS and MBCCSRN.LCKS are not unalecess control and can be accessed from the
FlexRay module at any time.

The interrupt flag MBCCSnR.MBIIS not under access control andh tee accessed frothe application
and the FlexRay module at any time. Ray module clear accekas higher priority.

The FlexRay module restricts its ace&sthe regions depending on therent state of the message buffer.
The application must adhere to thesstrictions in order to ensure datmsistency. The transmit message
buffer states are given Figure 3-111A description of thatates is given ifable 3-91 which also
provides the access schefoethe access regions.

The status bits MBCCSRn.ED8&MBCCSRN.LCKS provide the appitton with the required message
buffer status information. The internal staittf®rmation is not visible to the application.

3.4.6.2.2 Message Buffer States

This section describes the transmit mesdagter states and provides a state diagram.

RESET_STATE
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s HLokCONt )= —( HlokccMa )
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Figure 3-111. Single Transmit Message Buffer States
Table 3-91. Single Transmit Message Buffer State Description (Sheet 1 of 2)
MBCCSRn Access Region
State Description
EDS LCKS | Appl. | Module
Idle 1 0 - CM, |Idle - Message Buffer is idle.
SR Included in message buffer search.

HDis 0 0 CFG - Disabled - Message Buffer under configuration.

Excluded from message buffer search.
HDisLck 0 1 CFG - Disabled and Locked - Message Buffer under configuration.

Excluded from message buffer search.

HLck 1 1 MSG SR | Locked - Applications access to data, control, and status.
Included in message buffer search.
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Table 3-91. Single Transmit Message Buffer State Description (Sheet 2 of 2)

MBCCSRn Access Region

State Description
EDS LCKS | Appl. | Module
CCSa 1 0 - - Slot Assigned - Message buffer assigned to next static slot.
Ready for Null Frame transmission.
HLckCCSa 1 1 MSG - Locked and Slot Assigned - Applications access to data, control,
and status.Message buffer assigned to next static slot
CCNf 1 0 - NF | Null Frame Transmission
Header is used for null frame transmission.
HLckCCNf 1 1 MSG NF Locked and Null Frame Transmission - Applications access to
data, control, and status. Header is used for null frame transmission.
CCMa 1 0 - CM | Message Available - Message buffer is assigned to next slot and
cycle counter filter matches.
HLckCCMa 1 1 MSG - Locked and Message Available - Applications access to data,

control, and status. Message buffer is assigned to next slot and cycle
counter filter matches.

CCTx 1 0 - TX Message Transmission - Message buffer data transmit. Payload
data from buffer transmitted
CCSu 1 0 - TX |Status Update - Message buffer status update. Update of status

flags, the slot status field, and the header index.

3.4.6.2.3 Message Buffer Transitions

Application Transitions

The application transitionsan be triggered by ¢happlication using the commands described in
Table 3-92 The application issues tkemmands by writing to thielessage Buffer Configuration,
Control, Status Registers (MBCCSR®@nly one command can be issuwith one write access. Each
command is executed immediatdiythe command is ignored,must be issued again.

The enable and disable commairsdsied by writing ‘1’ to the triger bit MBCCSRN.EDT. The transition

that will be triggered by each of these command depends on the culuenbvfvtne status bit

MBCCSRnN.EDS. If the commanddgers the disable transitidtD and the message buffer is in one of

the state€€CSa, HLckCCSa, CCMa, HLckCCMa, CCNf, HLckCCNI, or CCTXx, the disable transition

has no effect (command is ignored) and the message buffer state is not changed. No notification is given
to the application.

The lock and unlock commands isslby writing ‘1’ to the triggebit MBCCSRnN.LCKT. The transition
that will be triggered by each of these commasteisends on the current value of the status bit
MBCCSRnN.LCKS. If the commaniggers the lock transitioR/lL and the message buffer is in the state
CCTx, the lock transition haso effect (command is ignored) and megshuffer state is not changed. In
this case, the message buffer lock error flag LCK_EF ilCtheError Flag Register (CHIERFRS set.

Table 3-92. Single Transmit Message Buffer Application Transitions

Transition Command Condition Description
HE MBCCSRN.EDS = 0 | Application triggers message buffer enable.
MBCCSRn.EDT:= 1 — - -
HD MBCCSRN.EDS = 1 | Application triggers message buffer disable.
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Table 3-92. Single Transmit Message Buffer Application Transitions

Transition Command Condition Description
HL MBCCSRN.LCKS = 0 | Application triggers message buffer lock.
MBCCSRn.LCKT:= 1 — -
HU MBCCSRN.LCKS = 1 | Application triggers message buffer unlock.

Module Transitions

The module transitions that can be trigggeby the FlexRay module are describedable 3-93 Each
transition will be triggered for certain mességefers when the related condition is fulfilled.

Table 3-93. Single Transmit Message Buffer Module Transitions

Transition Condition Description
SA slot match and Slot Assigned - Message buffer is assigned to next static slot.
static slot
MA slot match and Message Available - Message buffer is assigned to next slot and cycle counter
CycleCounter match | filter matches.
X slot start and Transmission Slot Start - Slot Start and commit bit CMT is set.
MBCCSRn.CMT = ‘1" | In case of a dynamic slot, pLatestTx is not exceeded.
SuU status updated Status Updated - Slot Status field and message buffer status flags updated.
Interrupt flag set.
STS static slot start Static Slot Start - Start of static slot.
dynamic slot start or | Dynamic Slot or Segment Start. - Start of dynamic slot or symbol window or
DSS symbol window start or | NIT.
NIT start
slot start or Slot or Segment Start - Start of static slot or dynamic slot or symbol window or
SSS symbol window start or | NIT.
NIT start

Transition Priorities

The application can triggenly one transition a time. There is no needdpecify priorities among them.

As shown in the first part dfable 3-94 the module transitions have a higpéority than the application
transitions. For all states except ti€Ma state, both a lock/unlock transitiéfL/HD and a module
transition can be executed at the same time. Thé state is reached by first applying the application

transition and subsequently the module transition to the intermediatelged state. For example, if the

message buffer is in théL.ck state and the application ooks the message buffer by tHé/ transition
and the module triggersdtslot assigned transitid®A, the intermediate stateldle and the resulting state

is CCSa.

The priorities among the module transits is given in the second partiable 3-94

Table 3-94. Single Transmit Message Buffer Transition Priorities

State Priorities Description
module vs. application
Idle, HLck SA>HD Slot Assigned > Message Buffer Disable
MA > HD Message Available > Message Buffer Disable
CCMa TX>HL Transmission Start > Message Buffer Lock
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Table 3-94. Single Transmit Message Buffer Transition Priorities

State Priorities Description
module internal
Idle, HLck MA > SA Message Available > Slot Assigned
CCMa TX > STS Transmission Slot Start > Static Slot Start

TX > DSS Transmission Slot Start > Dynamic Slot Start

3.4.6.24 Transmit Message Setup

To transmit a message over the Ray bus, the application writes the message data into the message
buffer data field and sets the commit bit CMT in kihessage Buffer Configuration, Control, Status
Registers (MBCCSRnN)rhe physical access to the messadiebdata field is described in

Section 3.4.3.1, “Individual Message Buffers

As indicated byTable 3-91 the application shall write to the message buffer data field and change the
commit bit CMT only if the transmit mesga buffer is in one of the statetis, HDisLck, HLck,
HLckCCSa, HLckCCMa, or HLckCCMa. A message buffer can be iddigil for message transmission
only if it is the/dle state. The application can change tlaesof a message buffié it issues the
appropriate commands givenliable 3-92 The state change is indiedtthrough the MBCCSRn.EDS and
MBCCSRnN.LCKS status bits.

If the transmit message buffenters one of the statetdis, HDisLck, HLck, HLckCCSa, HLckCCMa,
or HLckCCMa the MBCCSRn.DVAL flag is negated.

3.4.6.2.5 Message Transmission

As a result of the messabaffer search described 8ection 3.4.7, “Individual Message Buffer Sedrch

the FlexRay module triggersdimessage available transitibtA for up to two transmit message buffers.
This changes the message buffer state fdieto CCMa and the message buffers can be used for message
transmission in the next slot.

The FlexRay module transmits a message from a medssdfer if both of théollowing two conditions
are fulfilled at the start of the transmission slot:

1. the message buffer istine message available st&@€Ma
2. the message data are still valid, i.e. MBCCSRNn.CMT =1

In this case, the FlexiRanodule triggers th&X transition and changesetimessage buffer state@C Tx.
A transmit message buffer timing and state chatiggram for messageatismission is given in

Figure 3-112In this example, the messagefbuivith message buffer number nafe at the start of the
search slot, matches the slot and cycle numbereafi¢iit slot, and message buffer data are valid, i.e.
MBCCSRN.CMT = ‘1"
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Figure 3-113. Message Transmission from HLck state with unlock

The amount of message data readnfithe FRM and transferred to thiexRay bus is determined by the
following three items

1. the message buffer segment that the medsaffer is assigned to, as defined by Message
Buffer Segment Size and Ugétion Register (MBSSUTR)

2. the message buffer data field sizegd@fned by the related field of thdessage Buffer Data Size
Register (MBDSR)

3. thevalue of the PLDLEN field in the megsauffer headerdid, as described fBection 3.4.5.2.1,
“Frame Header Section Description

If a message buffer is assigned to messadgersggment 1, and PLDLEN > MBSEG1DS, then

2 * MBSEG1DS bytes will be read from the message buffer data field angpaeéding is used for the
remaining bytes for the FlexRay hnansfer. If PLDLEN <= MBSEGDS, the FlexRay module reads and
transfers 2*PLDLEN bytes. The sarhelds for segment 2 and MBSEG2DS.

3.4.6.2.6 Null Frame Transmission

A static slot with slot number S is assigned to the FlexRay module for channel A, if at least one transmit
message buffer is configured with the MBFIDRn.FH& to S and MBCCFRn.CHA set to ‘1. A Null

Frame is transmitted in the static slot S on channel A, if thisssésisigned to the FlexRay module for
channel A, and all transmit messdmydfers with MBFIDRN.FID = siad MBCCFRN.CHA = ‘1’ are either

not committed, i.,e MBCCSRn.CMT =‘0’, or lockéy the application, i.eMBCCSRn.LCKS = ‘1’, or

the cycle counter filter is enabled and does not match.

Additionally, the application cariear the commitibof a message buffer that is in tG€Ma state, which
is calleduncommitor transmit abort This message buffer will hesed for null frame transmission.

As a result of the messapaffer search described 8ection 3.4.7, “Individual Message Buffer Sedrch
the FlexRay module triggetke slot assigned transitid®A for up to two transmit message buffers if at
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least one of the conditions mearied above is fulfilled for thesmessage buffers. The transit8A

changes the message buffer states from elthheto CCSa or from HLck to HLckCCSa. In each case,

these message buffers will be used for null frame transmission in the next slot. A message buffer timing
and state change diagram farll frame transmission frorule state is given ifrigure 3-114

SA STS SSS
_ Idle+7 cCsa + CONF 44« ldle —
S TTTTTY &
j‘w@l_» sots j: nu”fra:;:f:smn :_,%‘ slot s+2

Figure 3-114. Null Frame Transmission from ldle state

A message buffer timing andag¢ change diagram for mflame transmission frori/Lck state is given
in Figure 3-115

SA STS SSS

HLckCCSa + HLckCCNf4+7 HLck —
E RS El i &
2 < search[s+1 » =} null frame transmit =}
>:< slots »: slot s+1 :< slot s+2

Figure 3-115. Null Frame Transmission from HLck state

If a transmit message buffer is in t@€Sa or HLckCCSa state at the start ofétransmission slot, a null
frame is transmitted in any case, even if thesage buffer is unlocked or committed before the
transmission slot starts. A tremit message buffer timing and stahange diagm for null frame
transmission for this case is giverFigure 3-116
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Figure 3-116. Null Frame Transmission from HLck state with unlock

Since the null frame transmission will not use the ngsbaffer data, the appétion can lock/unlock the
message buffer during null framamsmission. A transmit messdgéfer timing and state change
diagram for null frame transmissi for this case is given kigure 3-117
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Figure 3-117. Null Frame Transmission from with locking

3.4.6.2.7 Message Buffer Status Update

After the end of each slot, the PE generates thtes&tus vector. Depending on the this status, the
transmitted frame type, and the amount of transmitted datmdbgsage buffer status is updated.

Message Buffer Status Update after Complete Message Transmission

The term complete message transmissefers to the fact that all payload data stored in the message
buffer were send to FlexRay bus. In this case, the FlexRay module updates skegiss field of the
message buffer and triggehe status updated transiti®t/. With theSU transition, the FlexRay module
sets the message buffer interrupt flag MBCCSn.M#l indicate the successimessage transmission.

Depending on the transmission mode flag MBG®GBRMTM, the FlexRay module changes the commit
flag MBCCSRN.CMT and the valid flag MBCCSRn.BV. If the MBCCFRNn.MTM flag is negated, the
message buffer is in tlwent transmission modae.this case, each committed message is transmitted only
once. The commit flag MBCCSRCMT is cleared with th&U transition. If the MECCFRn.MTM flag is
asserted, the message buffer is insta¢e transmission modm this case, each committed message is
transmitted as long as the applioatprovides new data or locks thiessage buffers. The FlexRay module
will not clear the MBCCSRnN.CMT flag at the end of transmission and will set the valid flag
MBCCSRnN.DVAL to indicate that the message will be transmitted again.

Message Buffer Status Update after Incomplete Message Transmission

The term incomplete message transmission refarsettact that not all payload data that should be
transmitted were send to FlexRay bus. This may be caused by the following regular conditions in the
dynamic segment:

1. The transmission slot starts in a mioiskith a minislot number greater thabatestTx
2. The transmission slot did notisixin the dynamic segment at all.

Additionally, an incomplete message transmissionbeaoaused by internal communication errors. If
those error occur, the Protocol Engine Commurocafiailure Interrupt Flag PECF_IF is set in the
Protocol Interrupt Flag Register 1 (PIFR1)

In any of these two casdhge status of the message buffer is naingjed at all with # SU transition. The
slot status field imot updated, the status and cohtiags are not changed, anatimterrupt flags not set.
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Message Buffer Status Update after Null Frame Transmission

After the transmission of a null fraanthe status of the message hbutifat was used for the null frame
transmission is not changed at all. The slot status field is not updated, the status and control flags are not
changed, and the interrupt flag is not set.

3.4.6.3 Receive Message Buffers
The section provides a detailed description efftinctionality of the receive message buffers.

A receive message buffer is useddoeive a message from the Ray Bus based on individual filter
criteria. The FlexRay module uses the receive aggesbuffer to provide the following data to the
application

1. message data received

2. information about the reception process

3. status information about the sintwhich the message was received
A individual message buffavith message buffer numbeiis configured as a receive message buffer by
the following configuration settings

* MBCCSRN.MBT =0’ (single buffered message buffer)

* MBCCSRN.MTD = ‘0’ (receive message buffer)

To certain message buffer fields, lntihe application and the FlexRaypdule have access. To ensure data
consistency, a message buffer locking scheme is ingplesd that is used towotrol the access to the data,
control, and status bits of a megsduffer. The access regions for ieeenessage buffers are depicted in
Figure 3-118A description of the regions is givenTiable 3-95 If an region is active as indicated in
Table 3-96 the access scheme given for that region applies to the message buffer.

Message Buffer Header Field: Data Field Offset

CFG Message Buffer Header Field: Frame Header

Message Buffer Header Field: Slot Status

MSG Message Buffer Data Field: DATA[0-N]

MBIDXRn.MBIDX

MBCCSRn.DVAL/DUP

MBCCSRn.MTD

MBCCFRn.CHA/CHB/CCF* SR

MBFIDRn.FID

Figure 3-118. Receive Message Buffer Access Regions
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Table 3-95. Receive Message Buffer Access Region Description

Access from
Region Region used for
Application Module
CFG read/write Message Buffer Configuration, Message Data and Status Access
MSG read/write - Message Data, Header, and Status Access
RX - write-only Message Reception and Status Update
SR - read-only Message Buffer Search Data

The trigger bits MBCCSRn.EDThd MBCCSRnN.LCKT and the interrupbhable bit MBCCSRn.MBIE are
not under access control and can be accessed feoapfhication at any time. The status bits
MBCCSRnN.EDS and MBCCSRnN.LCKS are not unaecess control and can be accessed from the
FlexRay module at any time.

The interrupt flag MBCCSRMBIF is not under access controldacan be accessedrndhe application
and the FlexRay module at any time. Rey module set accebas higher priority.

The FlexRay module restricts its ace&sthe regions depending on therent state of the message buffer.
The application must adhere to thesstrictions in order to ensuretdaonsistency. The receive message
buffer states are given Figure 3-119 A description of the messadpuffer states is given ifable 3-91
which also provides the access scheme for the access regions.

The status bits MBCCSRn.EDS and MBCCSRnN.LCK®&vjate the application wh the required status
information. The internal status infornt is not visible to the application.
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Figure 3-119. Receive Message Buffer States

Table 3-96. Receive Message Buffer States and Access (Sheet 1 of 2)

MBCCSRn Access from
State Description
EDS LCKS | Appl. | Module
Idle 1 0 - SR |ldle - Message Buffer is idle.
Included in message buffer search.
HDis 0 0 CFG - Disabled - Message Buffer under configuration.
Excluded from message buffer search.
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Table 3-96. Receive Message Buffer States and Access (Sheet 2 of 2)

MBCCSRn Access from
State Description
EDS LCKS | Appl. | Module
HDisLck 0 1 CFG - Disabled and Locked - Message Buffer under configuration.

Excluded from message buffer search.

HLck 1 1 MSG — Locked - Applications access to data, control, and status.
Included in message buffer search.

CCBs 1 0 - - Buffer Subscribed - Message buffer subscribed for reception. Filter
matches next (slot, cycle, channel) tuple.

HLckCCBs 1 1 MSG - Locked and Buffer Subscribed - Applications access to data,
control, and status. Message buffer subscribed for reception.

CCRXx 1 0 - - Message Receive - Message data received into related shadow
buffer.

HLckCCRx 1 1 MSG - Locked and Message Receive - Applications access to data,
control, and status. Message data received into related shadow
buffer.

CCSu 1 0 - RX | Status Update - Message buffer status update. Update of status
flags, the slot status field, and the header index.

3.4.6.3.1 Message Buffer Transitions

Application Transitions

The application transitions thatrche triggered by the applicatiosing the commands described in
Table 3-97 The application issues tkemmands by writing to thiglessage Buffer Configuration,
Control, Status Registers (MBCCSR@nly one command can be issued with one write access. Each
command is executed immediatdiythe command is ignored,must be issued again.

The enable and disable commarsdsied by writing ‘1’ to the triger bit MBCCSRN.EDT. The transition
that will be triggered by each of these command depends on the cutuenbfthe status bit
MBCCSRnN.EDS. If the commanddgers the disable transitidtD and the message buffer is in one of
the state€€CBs, HLckCCBs, or CCRX, the disable transition has no effecommand is ignored) and the
message buffer state is not changed. Ndioation is given to the application.

The lock and unlock commands issuby writing ‘1’ to the triggebit MBCCSRnN.LCKT. The transition
that will be triggered by each of these commaatgisends on the current value of the status bit
MBCCSRnN.LCKS. If the commartdggers the lock transitioHL while the message buffer is in thiate
CCRXx, the lock transition has no eff§eommand is ignored) and messdmiffer state is not changed. In
this case, the message buffer lock error flag LCK_EF ilCthkeError Flag Register (CHIERFRS set.

Table 3-97. Receive Message Buffer Application Transitions

Transition Host Command Condition Description
HE MBCCSREN. EDT-< 1 MBCCSRn.EDS =0 Appl?cat?on triggers message buffer e.nable.
HD MBCCSRnN.EDS = 1 | Application triggers message buffer disable.
HL MBCCSRN.LCKS = 0 | Application triggers message buffer lock.
MBCCSRn.LCKT:= 1 — -
HU MBCCSRN.LCKS = 1 | Application triggers message buffer unlock.
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Module Transitions

The module transitions that can be trigggeby the FlexRay module are describediahle 3-98 Each
transition will be triggered for certain messdgefers when the related condition is fulfilled.

Table 3-98. Receive Message Buffer Module Transitions

Transition Condition Description
BS slot match and Buffer Subscribed - The message buffer filter matches next slot and cycle.
CycleCounter match

SLS slot start Slot Start - Start of either Static Slot or Dynamic Slot.

SNS symbol window start or | Symbol Window or NIT Start - Start of either Symbol Window or NIT.
NIT start

SSS slot start or Slot or Segment Start - Start of either Static Slot, Dynamic Slot, Symbol

symbol window start or | Window, or NIT.

NIT start

SuU status updated Status Updated - Slot Status field, message buffer status flags, header index

updated. Interrupt flag set.

Transition Priorities
The application canitgger only one transition atteme. There is no need toespfy priorities among them.

As shown inTable 3-99 the module transitions hawehigher priority than thapplication transitions. For

all states except thReCRx state, a module traiiosn and the applicatiolock/unlock transitiorHL/HU and

can be executed at the same time. The resultistaéached by first apptyg the module transition and
subsequently the application trangititm the intermediately reached state. For example, if the message
buffer is in the buffer subscribed st&#€Bs and the module triggetke slot start transitioSLS at the
same time as the applicatitmtks the message buffer by tHé transition, the intenediate state iI€ECRx

and the resulting state is locked buffer subscribed stetdCCRXx.

Table 3-99. Receive Message Buffer Transition Priorities

State Priorities Description
module vs. application
Idle BS > HD Buffer Subscribed > Message Buffer Disable
HLck BS > HD Buffer Subscribed > Message Buffer Disable
CCRx SSS>HL Slot or Segment Start > Message Buffer Lock

3.4.6.3.2 Message Buffer Search

The FlexRay module starts a sequential searcltheaks all message bufferstla¢ following protocol
related events:

» slot start, in the static frame segment

* minislot start, in the dynamic frame segment

* NIT start

The filters that are used for the search are describ@dation 3.4.7.1, “Individual Message Buffer
Filtering’.
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As aresult of the message buffeausdn, the FlexRay module changesdtate of up to two enabled receive
message buffers from either idle st&dke or locked staté/Lck to the either subscribed sta@Bs or
locked buffer subscribed staté.ckCCBs by triggering the buffer subscribed transitiB8.

If the receive message buffers for the next slohasggned to both channels, then at most one receive
message buffer is changed to a buffer subscribed state

If more than one matching messdmy#fers assigned to a certain chantigen only the message buffer
with the lowest message buffer numbenisne of the states mentioned above.

3.4.6.3.3 Message Reception

With the start of the next static or dynamistshe module trigger #hslot start transitioSLS. This
changes the state of the subscritezkive message buftefrom eithetCCBs to CCRx or from
HLckCCBs to HLckCCRx, respectively.

During the reception slot, the reced frame data are written intiee shadow buffers. For details on
receive shadow buffers, s8ection 3.4.6.3.6, “Receive Shadow Buffers Coricdjite data and status of
the receive message buffers that areGt¥#3x or HLckCCRXx are not modified in the reception slot.

3.4.6.34 Message Buffer Status Update

With the start of the next static dynamic slot or with th start of the symbol wdow or NIT, the module
trigger the slot or segment start transit®8S. This transition changes the state of the receiving receive
message buffers from eith@CRx to CCSu or from HLckCCRXx to HLck, respectively.

If a message buffer was in the locked statekCCRXx, no update will be perfared. The received data
are lost. This is indidad by setting the Frame Lost ChanndBAdrror Flag FRLA_E/FRLB_EF in the
CHI Error Flag Register (CHIERFR)

If a message buffer was in tG¥CRXx state it is now in th€CSu state. After the evaluation of the slot
status provided by the PE the message buffer iatagdThe message buffer update depends on the slot
status bits and the segment the messagerisfassigned to. This is describedable 3-100

Table 3-100. Receive Message Buffer Update

vSS!ValidFrame vRF!Header!NFIndicator Update description

1 1 Valid non-null frame received.

- Message Buffer Data Field updated.
- Frame Header Field updated.

- Slot Status Field updated.
-DUP:=1

- DVAL:=1

- MBIF:= 1

1 0 Valid null frame received.

- Message Buffer Data Field not updated.
- Frame Header Field not updated.

- Slot Status Field updated.
-DUP:=0

- DVAL not changed

- MBIF:=1
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Table 3-100. Receive Message Buffer Update (Continued)

vSS!ValidFrame vRF!Header!NFIndicator Update description

0 X No valid frame received.

- Message Buffer Data Field not updated.

- Frame Header Field not updated.

- Slot Status Field updated.

-DUP:=0

- DVAL not changed.

- MBIF:= 1, if the slot was not an empty dynamic slot.

Note: An empty dynamic slot is indicated by the following frame and slot
status bit values:
vSS!ValidFrame = 0 and vSS!SyntaxError= 0 and
vSS!ContentError = 0 and vSS!BViolation = 0.

NOTE

If the number of the last slot inglturrent communication cycle on a given
channel im, then all receive message buffers assigned to this channel with
MBFIDRnN.FID >n will not be updated at all.

When the receive message buffer updatefiméshed the status updated transitidis triggered, which
changes the buffer state fraCSu to Idle. An example receive messdgéfer timing and state change
diagram for a normal fraenreception is given iRigure 3-120

SLS S8S SU
+ CCRX‘P?:CSIF ldle-
HE N =N .
= ::! %I c;\'N
2 | & s $
2 < search[s+1 » ' 2, message receive to receive shadow buffer 3,
> ! < slots > '<‘ slot s+1 ﬂ, X < slot s+2

Figure 3-120. Message Reception Timing

The amount of message data written into the meds#{gr data field of the receive shadow buffer is
determined by the following two items:

1. the message buffer segment that the medsaffer is assigned to, as defined by Message
Buffer Segment Size and Ugation Register (MBSSUTR)

2. the message buffer data field sizegd@Bned by the related field of thdessage Buffer Data Size
Register (MBDSR)

3. the number of bytes received over the FlexRay bus

If the message buffer is assigned to the message keffenent 1, and the number of received bytes is
greater than 2*MBDSR.MBSEG1DS, the FleyRaodule writes only 2*NBDSR.MBSEG1DS bytes
into the message buffer data fieldloé receive shadow buffer. If the nibem of received bytes is less than
2*MBDSR.MBSEG1DS, the [ExRay module writes only the received number of bytes and will not
change the trailing bytes in the message buffer dalthdf the receive shaddvuffer. The same holds for
the message buffer segment 2 with MBDSR.MBSEG2DS.
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3.4.6.3.5 Received Message Access

To access the message data received over the Flé&xiRathe application reatise message data stored
in the message buffer data fietithe corresponding receive message buffer. The access to the message
buffer data field is described $ection 3.4.3.1, “Individual Message Buffers

The application can read the messhgfker data field if the receive ragage buffer is one of the states
HDis, HDisLck, or HLck. If the message buffer is in one oéHe states, the FlexRay module will not
change the content of the message buffer.

3.4.6.3.6 Receive Shadow Buffers Concept

The receive shadow buffer concepiplies only to individuaeceive message buffers. The intention of
this concept is to ensure thatly syntactically and seantically valid received non-null frames are
presented to the application in a receive message blIiffebasic structure of a receive shadow buffer is
described irSection 3.4.3.2, “Receive Shadow Buffers

The receive shadow buffers tempdgastore the received frame head&d message data. After the slot
boundary the slot status information is generated. If the slot statam&tion indicates the reception of

the valid non-null frame (sekable 3-100, the FlexRay module writes the sidatus into the slot status

field of the receive shadow buffer and exchanges the content Mieseage Buffer Index Registers
(MBIDXRn) with the content of the corresponding internaldskw buffer index register. In all other cases,
the FlexRay module writes the slatsts into the identified receive message buffer, depending on the slot
status and the FlexRay segment the message buffer is assigned to.

The shadow buffer concept, with its index exchanggylts in the fact that the FRM located message
buffer associated to an individuaiceive message bufferarges after successhelception of a valid
frame. This means that the message buffer ardee iRRM accessed by the application for reading the
received message is different from the initial settindpeimessage buffer. Therefore, the application must
not rely on the index informatn written initially into theMessage Buffer IndeRegisters (MBIDXRn)
Instead, the index of the message bufesader field must be fetched from tiessage Buffer Index
Registers (MBIDXRn)

3.4.6.4 Double Transmit Message Buffer
The section provides a detailed description offtimetionality of the doubléransmit message buffers.

Double transmit message buffers are used by thiecappn to provide the FlexRay module with the
message data to be transmitted over the FlexRay Bwe FlexRay module uses this message buffer to
provide information to thepgplication about the transesion process, and statnformation about the slot
in which message data was transmitted.

In contrast to the single transmiessage buffers, the application paovide new transmsson data while
the transmission of the previously provided messkge is running. Thischeme is called double
buffering and can be considered as a FIFO of depth 2.

Double transmit message buffersianplemented by combining two inddual message budfs that form
the two sides of an double transmitgsage buffer. One side is called toenmit sideand will be accessed
by the application to proge the message data. The other side is callddatiemit sideand is used by the
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FlexRay module to transmit the message data telthéRray bus. The two sides are located in adjacent
individual message buffers. The magsauffer that implements the commit side has an even message
buffer number 2n. The transmit side message bufflemie the commit side message buffer and has the
message buffer number 2n+1. The basic structureatadfiow of a double ansmit message buffer is
given inFigure 3-121

Application Internal Message FlexRay Bus
Transfer
message data - MB# 2n message data | MB# 2n+1 message aata’
Commit Side Transmit Side

Figure 3-121. Double Transmit Buffer Structure and Data Flow

NOTE

Both the commit and the transmit sicheist be configured with identical
values except for thelessage Buffer IndeRRegisters (MBIDXRn)

3.4.6.41 Access Regions

To certain message buffer fields, bvtihe application and the FlexRapdule have access. To ensure data
consistency, a message buffer logkscheme is implemented, which cofg the exclusive access to the
data, control, and status bits of the message buffer.

The access scheme for double transmit message buffers is depleigara3-122 The given regions
represent fields thatan be accessed from both the applicadioththe FlexRay module and, thus, require
access restrictions. A descritiof the regions is given ifable 3-101

Commit Side Transmit Side
Message Buffer Header Field: Frame Header Message Buffer Header Field: Frame Header
CFG Message Buffer Header Field: Data Field Offset CFG Message Buffer Header Field: Data Field Offset
MBIDXR[2n].MBIDX ITX MBIDXR[2n+1].MBIDX X
MBCCSR[2n]n.CMT MBCCSR[2n+1].CMT
MSG
Message Buffer Data Field:-DATA[0-N] Message Buffer Data Field: DATA[0-N]
Message Buffer Header Field: Slot Status SJS Message Buffer Header Field: Slot Status SJS
MBCCSR[2n].MBT/MTD MBCCSR[2n+1].MBT/MTD
MBCCFR[2n].MTM/CHA/CHB/CCF* MBCCFR[2n+1].MTM/CHA/CHB/CCF* SR
MBFIDR[2n].FID MBFIDR[2n+1].FID

Figure 3-122. Double Transmit Message Buffer Access Regions Layout
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Table 3-101. Double Transmit Message Buffer Access Regions Description

Access Description
Type
Region
Application Module
Commit Side
CFG read/write - Message Buffer Configuration
MSG read/write - Message Buffer Data and Control access
ITX - read/write Internal Message Transfer.
SS - write-only Slot Status Update
Transmit Side
CFG read/write - Message Buffer Configuration
SR - read-only Message Buffer Search
X - read-only Internal Message Transfer, Message Transmission
SS - write-only Slot Status Update

The trigger bits MBCCSRn.EDT and MBCCSRnN.LCKT, and the interrupt enable bit MBCCSRn.MBIE
are not under access control and caadmessed from the application at any time. The status bits
MBCCSRnN.EDS and MBCCSRn.LCK&e not under access contaold can be accessed from the
FlexRay module at any time.

The interrupt flag MBCCSnR.MBIIS not under access control andh tee accessed frothe application
and the FlexRay module at any time. Rey module set accekas higher priority.

The FlexRay module restricts its access to thersgidepending on the curratdte of the corresponding
part of the double transmit messagefé@ufThe application must adhereth@se restrictions in order to
ensure data consistency. The stébeshe commit side of a doubleatrsmit message buffer are given in
Figure 3-123A description of thetates is given ifiable 3-103The states for theansmit side of a double
transmit message buffer are giverrigure 3-124 A description of the states is givenTiable 3-103The
description tables also providesthccess scheme for the access regions.

The status bits MBCCSRnN.ED8@&MBCCSRN.LCKS provide the appditton with the required message
buffer status information. The internal staf®rmation is not visible to the application.

3.4.6.4.2 Message Buffer States

This section describes the transmit mesdager states and provides a state diagram.
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Figure 3-123. Double Transmit Message Buffer State Diagram (Commit Side)

A description of the states tife commit side of a double temit message buffer is givenTable 3-102
Table 3-102. Double Transmit Message Buffer State Description (Commit Side)

MBCCSR[2n] Access Region
State Description
EDS | LCKS | Appl. Module

common states

HDis 0 0 CFG - Disabled - Message Buffer under configuration.
Commit Side can not be used for internal message transfer.
CCITx 1 0 - ITX Internal Message Transfer - Message Buffer Data transferred from

commit side to transmit side.

commit side specific states

Idle 1 0 - ITX, Idle - Message Buffer Commit Side is idle.
SS Commit Side can be used for internal message transfer.
HDisLck 0 1 CFG Disabled and Locked - Message Buffer under configuration.
SS Commit Side can not be used for internal message transfer.
HLck 1 1 MSG Locked - Applications access to data, control, and status.

SS Commit Side can not be used for internal message transfer.
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Figure 3-124. Double Transmit Message Buffer State Diagram (Transmit Side)

A description of the states tife transmit side & double transmit message buffer is givehahle 3-103

Table 3-103. Double Transmit Message Buffer State Description (Transmit Side) (Sheet 1 of 2)

MBCCSRn Access Region
State Description
EDS | LCKS | Appl. Module
common states
HDis 0 0 CFG - Disabled - Message Buffer under configuration.
Excluded from message buffer search.
CCITx 1 0 - TX Internal Message Transfer - Message Buffer Data transferred from
commit side to transmit side.
transmit side specific states
Idle 1 0 - SR Idle - Message Buffer Transmit Side is idle.
Transmit Side is included in message buffer search.
CCsSa 1 0 - - Slot Assigned - Message buffer assigned to next static slot.
Ready for Null Frame transmission.

CCSaCClITx 1 0 - TX Slot Assigned and Internal Message Transfer - Message buffer
assigned to next static slot and Message Buffer Data transferred
from commit side to transmit side.

CCNf 1 0 - TX Null Frame Transmission
Header is used for null frame transmission.

CCNfCCITx 1 0 - TX Null Frame Transmission and Internal Message Transfer -
Header is used for null frame transmission and Message Buffer Data
transferred from commit side to transmit side.

CCMa 1 0 - - Message Available - Message buffer is assigned to next slot and
cycle counter filter matches.

CCMaCCITx 1 0 - - Message Available and Internal Message Transfer - Message
buffer is assigned to next slot and cycle counter filter matches and
Message Buffer Data transferred from commit side to transmit side.

CCTx 1 0 - TX Message Transmission - Message buffer data transmit. Payload
data from buffer transmitted
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Table 3-103. Double Transmit Message Buffer State Description (Transmit Side) (Sheet 2 of 2)

MBCCSRn Access Region
State Description
EDS | LCKS | Appl. Module

CCSu 1 0 - SS Status Update - Message buffer status update. Update of status
flags, the slot status field, and the header index.

Note: The slot status field of the commit side is updated too, even if
the application has locked the commit side.

3.4.6.4.3 Message Buffer Transitions

Application Transitions

The application transitions thatrche triggered by the applicatiosing the commands described in
Table 3-104 The application issues tkemmands by writing to th#lessage Buffer Configuration,
Control, Status Registers (MBCCSR@nly one command can be issued with one write access. Each
command is executed immediatdiythe command is ignored,must be issued again.

The enable and disable commands can be issued waribmit side only. Any exble or disable command
issued on the commit side will be ignored withouifia@tion. The tansitions that will be triggered
depends on the value of the EDS bit. The enable and disable commands etibattethe commit side
and the transmit side at the same timéhéfapplication triggerthe disable transitioA/D while the
transmit side is in one of the state€Sa, CCSaCCITx, CCNf, CCNfCCITx, CCMa, CCMaCCITx,
CCTx, or CCSu, the disable transition has effect (command is ignorednd the message buffer state
is not changed. No notificatiaa given to the application.

The lock and unlock commands can be issued ®cammit side only. Any lock or unlock command
issued on the transmit side will be ignored and the double transmit buffer lock error flag DBL_EF in the
CHI Error Flag Register (CHIERFRYill be set. The transitions that will be triggered depends on the
current value of the LCKS bit. Block and unlock commands will gréiffect the commit side. If the
application triggers the lock transitiéfL. while the commit side is in the sta®/Tx, the message buffer
state will not be changeahd the message buffer lock error flag LCK_EF inGh# Error Flag Register
(CHIERFR)will be set.

Table 3-104. Double Transmit Message Buffer Host Transitions

Transition Host Command Condition Description
HE MBCCSR[2n+1].EDS = 0 | Application triggers message buffer enable.
MBCCSR[2n+1].EDT:= 1 — - -
HD MBCCSR[2n+1].EDS = 1 | Application triggers message buffer disable.
HL MBCCSRI[2n].LCKS = 0 | Application triggers message buffer lock.
MBCCSRI2n].LCKT:= 1 [on] ppcaion 199 9
HU MBCCSRI[2n].LCKS = 1 | Application triggers message buffer unlock.

Module Transitions

The module transitions that can be trigggeby the FlexRay module are describedahle 3-105The
transitionsC1 andC2 apply to both sides of theessage buffer and are appledhe same time. All other
FlexRay module transitions appio the transmit side only.
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Table 3-105. Double Transmit Message Buffer Module Transitions

Transition Condition Description

common transitions

IS Internal Message Transfer Start - Start transfer of message data from commit
see Section 3.4.6.4.5, |side to transmit side.
IE “Internal Message Internal Message Transfer End - Stop transfer of message data from commit
Transfer side to transmit side.

Note: The internal message transfer is stopped before the slot or segment start.

transmit side specific transitions

SA slot match and Slot Assigned - Message buffer is assigned to next static slot.
static slot
MA slot match and Message Available - Message buffer is assigned to next slot and cycle counter
CycleCounter match | filter matches.
TX slot start and Transmission Slot Start - Slot Start and commit bit CMT is set.
MBCCSR[2n+1].CMT = 1 | In case of a dynamic slot, pLatestTx is not exceeded.
SuU status updated Status Updated - Slot Status field and message buffer status flags updated.
Interrupt flag set.
STS static slot start Static Slot Start - Start of static slot.

dynamic slot start or | Dynamic Slot or Segment Start. - Start of dynamic slot or symbol window or

DSS symbol window start or | NIT.
NIT start
slot start or Slot or Segment Start - Start of static slot or dynamic slot or symbol window or
SSS symbol window start or | NIT.
NIT start

Transition Priorities
The application can triggenly one transition a time. There is no needdpecify priorities among them.

As shown in the first part dfable 3-106the module transitions have a heglpriority than the application
transitions. The priorities amongetiirlexRay module transitions and the related states are given in the
second part ofable 3-106 These priorities apply only to the teamit side. The internal message transmit
start transition IS has tho lowest priority.

Table 3-106. Double Transmit Message Buffer Transition Priorities

State Priority Description
module vs. application
Idle IS>HD Internal Message Transfer Start > Message Buffer Disable
IS >HL Internal Message Transfer Start > Message Buffer Lock
module internal
Idle MA > SA Message Available > Slot Assigned
CCMa TX > STS Transmission Slot Start > Static Slot Start

TX > DSS Transmission Slot Start > Dynamic Slot Start
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34644 Message Preparation

The application provides the message data through the commit side. The transmission itself is executed
from the transmit side. The transtdrthe message data frahme commit side to thtransmit side is done
by thelnternal Message Transfewhich is described iBection 3.4.6.4.5, “Internal Message Transfer

To transmit a message over the Ray bus, the application writes the message data into the message
buffer data field of the commit side and sets the commit bit CMT iM#ssage Buffer Configuration,
Control, Status Registers (MBCCSRihe physical access to the message buffer data field is described
in Section 3.4.3.1, “Individual Message Buffers

As indicated byrable 3-102the application shall write to the ssage buffer data field and change the
commit bit CMT only if the transmit mesgabuffer is in one of the statetdis, HDisLck, or HLck. The
application can change the state of a messagerlifutfessues the appropriate commands given in
Table 3-104The state change is indied through the MBCCSRn.ED8&MBCCSRN.LCKS status bits.

3.4.6.4.5 Internal Message Transfer

The internal message transfer tramsfthe message data from the consicgié to the transmit side. The
internal message transfer is implemerdaedhe swapping of the content of Message Buffer Index
Registers (MBIDXRnpf the commit side and the transmdesi After the swappinghe commit side CMT

bit is cleared, the commit sidi&errupt flag MBIF is set, the transmit side CMT bit is set, and the transmit
side DVAL bit is cleared.

The conditions and the point in tinaden the internal message transéestarted are controlled by the
message buffer commit mode bit MCM in tessage Buffer Configuration, Control, Status Registers
(MBCCSRnN) The MCM bit configures the resage buffer for either thesaming commit mode or the
immediate commit mode. A detad description is given iftreaming Commit Modandimmediate
Commit Mode The Internal Message Transietriggered with the transitiok$. Both sides of the message
buffer enter enter one of the CXx states. The internal message trangf finished wth the transitionE.

Streaming Commit Mode

The intention of the streaming commit mode ismsure that each committed message is transraitted
least onceThe FlexRay module will notatt the Internal Message Traesfor a message buffer as long
as the message data on the transmé & not transmitted at least once.

The streaming commit mode is caufred by clearing thmessage buffer comnmiode bit MCM in the
Message Buffer Configuration, Coal, Status Registers (MBCCSRn)

In this mode, the internal messagmnsfer from the commit side to ttransmit side is started for a double
transmit message buffer when alitbé following conditions are fulfilled

1. the commit side is in thiglle state

2. the commit site message data are valid, i.e. MBCCSR[2n].CMT =1
3. the transmit side i\ one of the statefslle, CCSa, or CCMa
4.

the transmit side contains either no daliessage data, i.e. MBCCSR[2n+1].CMT = 0 or
the message data werartsmitted at least ondes. MBCCSR[2n+1].DVAL = 1
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An example of a streaming commit mastate change diagram is giverFigure 3-1251n this example,
both the commit and the transmitisido not contain valichessage data and thgpéication provides two
messages. The message buffer does not match the next slot.

A HL HU
§§ Idle-+ HLck+ Idle»= CCITx»= Idle » HLck+ Idle
o no internal message transfer,
= until message transmitted
§§ Idle CClITx»|= Idle
't N N N .

slotstart @

slot start
slotstart @

- search[s+1 , '
>:< slot s

Figure 3-125. Internal Message Transfer in Streaming Commit Mode

slot s+1 slot s+2

Immediate Commit Mode

The intention of the immediatemmnit mode is to transmit tHatestdata provided by the application. This
implies that it is not guaranteed that eaabvted message will beainsmitted at least once.

The immediate commit mode is configured by setting the message buffer commit mode bit MCM in the
Message Buffer Configuration, Coal, Status Registers (MBCCSRn)

In this mode, the internal messaggnsfer from the commit side to the transmit side is started for one
double transmit message buffer when alihaf following conditions are fulfilled

1. the commit side is in thielle state

2. the commit site message data are valid, i.e. MBCCSR[2n].CMT =1

3. the transmit side is one of the statefglle, CCSa, or CCMa

It is not checked whether the trarnisside contains no valid messadggta or valid message data were
transmitted at least once. If message data dictarad not transmitted, €y may be overwritten.

An example of a streaming commit mastate change diagram is giverfFigure 3-1261n this example,
both the commit and the tremit side do not contain valid messaigeéa, and the application provides two
messages and the first message is gets overnwrittee message buffer does not match the next slot.

3 £ ook
S Id/e+ HLck+ Idle»=< CCITx»= Idle >i< HLck+ Idle»=< CCITx» = ldle-
© intefnal message transfer

= overwrite$ non-transmitted message
28 Idle CClITxr< Idle CClITx» Idle
& —e .

slotstart |
slotstart @

_slot start

) search[s+1 ,'
>:< slot s

Figure 3-126. Internal Message Transfer in Immediate Commit Mode

slot s+1

- slot s+2

MFR4300 Data Sheet, Rev. 3

Freescale Semiconductor 175



FlexRay Module (FLEXRAYV2)

3.4.6.4.6 Message Transmission

For double transmit message buffers, the message buffer search checks only the transmit side part. The
internal scheduling ensures, that the internal messagser is stopped on the ssage buffer search start.

Thus, the transmit side afessage buffer, that is not in its transias or status updagot, is always in

the Idle state.

The message transmit behavior arahsmission state changes of tfesmit side of a double transmit
message buffer are the same as foglsi buffered transmit buffers, excépat the transiside of double
buffers can not be locked ltlye application, i.e. thelU andHL transition do not existTherefore, refer to
Section 3.4.6.2.5, “Message Transmission”

3.4.6.4.7 Message Buffer Status Update

The message buffer statysdate behavior of the tramit side of a double trangnmessage buffer is the
same as for single transmit message buffers which is descriBedtion 3.4.6.2.7, “"Message Buffer
Status Update”.

Additionally, the slot status field dfie commit side is updagdter the update of thedadlstatus field of the
transmit side, even if the commit side is locked leyapplication. This is impleemted to provide the slot
status of the most recent transmission slot.

3.4.7 Individual Message Buffer Search
This section provides a detailed descaptof the message buffer search algorithm.

The message buffer search checks all enabled individessage buffer to determine if a certain slot is
assigned to this node for transmissor if this node is subscribed to a certain slot for reception. The
message buffer search is a sequential algorithm astdried at the following protocol related events:

* each NIT start
» each slot start indlstatic frame segment
* each minislot start in the dynamic frame segment

The search within the NIT searches for message bafésigned or subscribed to slot 1. The search within
slotn searches for message buffessigned or subscribed to slot1.

If the message buffer search is running while the message buffer search start event appears, the
message buffer search is stopped and the Messdige Baarch Error Flag MSB_EF is set in tDil
Error Flag Register (CHIERFRThis appears only if the CHI frequey is to low to search through all
message buffers within the NIT or a minislot. The mgsdauffer result is not defined in this case. For
more details seBection 3.5.2, “Number of ldble Message Buffers”.

The filters criteria used for the message buffer search descriBedtion 3.4.7.1, “Individual Message
Buffer Filtering’. For double transmit messabaffers only the transmit side is included in the search.
During the search, a list of all teching message buffers is creatdall message buffers assigned or
subscribed to the next slot are assigned to only ceneneh, then two lists of matching message buffer will
be created, one for each channel. If all message bafsigned or subscribedtte next slot are assigned
to both channels, only one sorted 6§tmatching message buffers is created.
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Each message buffer list is sortatording to the priorities givenrable 3-107From the group with the
highest priority, the message buffeith the lowest message buffer numizeselected. For this message
buffer the corresponding transition givenTable 3-107s triggered as the salt of the message buffer
search.

Table 3-107. Message Buffer Search Priority

MBCCSRn
Priority Description Transition
MTD | LCKS | CMT |CCFM'
(highest) 0 1 0 1 1 transmit buffer, unlocked, committed, matches cycle count MA
1 0 0 1 SA
1 transmit buffer, locked or uncommitted, matches cycle count
1 1 X 1 SA
2 1 X X 0 transmit buffer, assigned to slot SA
3 0 0 0 1 receive buffer, unlocked, matches cycle count SB
(lowest) 4 0 1 1 1 receive buffer, locked, matches cycle count SB

' Cycle Counter Filter Match, see Section 3.4.7.1.2, “Message Buffer Cycle Counter Filtering”

3.4.71 Individual Message Buffer Filtering

The message buffer search identifies the matamiegsage buffers by applying two individual message
buffer filter. The first filter ighe frame ID filter, the second filter is the cycle count filter.

34.711 Message Buffer Frame ID Filtering

The message buffer frame ID filter is used to hetee if the message buffean be considered for
reception or transmission in a certain slot on a per channel basis.

The frame ID filter matches for a megsabuffer with message buffer numimeaind the search slet if
the value of the FID field in thilessage Buffer Frame IRegisters (MBFIDRngqualss.

Only message buffer with a frame ID filter matchyna@pear in the matching message buffer list. All
transmit message buffer with a ntatgy frame 1D will appear in the matching message buffer list. Only
receive message buffer with a matahframe ID and a matching cycle coemtilter will appear in the
matching message buffer list.

3.4.7.1.2 Message Buffer Cycle Counter Filtering

The message buffer cycle counter filter is a gathask filter definetby the CCFE, CCFMSK, and
CCFVAL fields in theMessage Buffer Cycle Counteilter Registers (MBCCFRnNThis filter determines

a set of communication cycles in which the messaderafconsidered for message reception or message
transmission. If the cycle cowentfilter is disabled, i.e. CCFE = ‘0’, this set of cycles consists of all
communication cycles.

If the cycle counter filter of a message buffer does not match a certain communication cycle number, this
message buffer is not considered for message trasismior reception in that communication cycle. In
case of a transmit messaluffer, though, this buffes added to the matching message buffer list with
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CCFM =0’ to indicate the sit assignment and to trigger the null frame transmiskiarase of an receive
message buffer, this buffernet added to the matahg message buffer list.

A message buffer matches tycle counter filter for the communitan cycle with the number CCN if at
least one of the following conditions evaluates to true:

MBCCFRn.CCFE == Eqn. 3-8

CCN[5:0] & MBCCFRn.CCFMSK][5:0] == MBCCFRn.CCFVAL[5:0] & MBCCFRn.CCFMSK[5:0]  Egn. 3-9

3.4.71.3 Message Buffer Channel Assignment Consistency

The message buffer channel assignment given by the CHA and CHB bitdMedbage Buffer Cycle
Counter Filter Rgisters (MBCCFRnylefines the channels on which the message buffer will receive or
transmit.The message buffer with numbetransmits or receives onatnel A if MBCCFRn.CHA = ‘1’
and transmits or receives onacimel B if MBCCFRnN.CHB = ‘1".

To ensure correct message buffer operation, all meds#ters assigned to the same slot must have a
consistenthannel assignment. That means #ilamessage buffers assigned to sheneslot must be
either assigned tonly one channel, or assignedioth channels. The behavior of the message buffer
search is not defined, if both typef channel assignments occur doe slot. An inconsistent channel
assignment for message buffer O amessage buffer 1 is depictedrigure 3-127

MBO | MBFIDRO.FID = 10 | MBCCFRO.CHA = 1, MBCCFRO.CHB=0 | / single channel assignment

MB1 [ MBFIDR1.FID =10 [ MBCCFR1.CHA = 1, MBCCFR1.CHB=1 | [ dual channel assignment

Figure 3-127. Inconsistent Channel Assighment

3.4.8 Individual Message Buffer Reconfiguration

The initial configuration of eacmdividual message buffer can be changed even when the protocol is not
in the state. This is referred &5 individual message buffieconfiguration The

configuration bits and fiek that can be changeceaiven in the section ddpecific Configuration Data

The common configuration daggven in the section opecific Configuration Datean not be

reconfigured when the protocol is out of the state.

3.4.8.1 Reconfiguration Schemes

Depending on the target and destinatiasic state of the message buffat ik to be reconfigured, there
are three reconfiguration schemes.

3.4.8.1.1 Basic Type Not Changed (RC1)

A reconfiguration will not change the basic typdlw# individual message buffer, if both the message
buffer transfer direction bit MBCCSn.MTD ancetinessage buffer type bit MBCCSn.MBT are not
changed. This type of reconfiguration is denoted by RGigare 3-128 Single transmit and receive
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message buffers can be R@&bonfigured when in th&/Dis or HDisLck state. Doubléransmit message
buffers can be RC1-reconfigurddoth the transmit side and the commit side are irHDés state.

3.4.8.1.2 Buffer Type Not Changed (RC2)

A reconfiguration will not changte buffer type of the individual meage buffer if the message buffer
buffer type bit MBCCSRN.MBT is not changed. Thipe of reconfiguration is denoted by RC2 in
Figure 3-1281t applies only to single transmit and recemessage buffers. Single transmit and receive
message buffers can be RC2-reconfigured when ik/fPis or HDisLck state.

3.4.8.1.3 Buffer Type Changed (RC3)

A reconfiguration will change the buffer type oétimdividual message buffer if the message buffer type
bit MBCCSRN.MBT is changedhis type of reconfigurain is denoted by RC3 iFigure 3-128The RC3
reconfiguration splits ondouble buffer into two single buffers combines two single buffer into one
double buffer. In the later case, the two single message buffers must have consecutive message buffer
numbers and the smaller one must be even. MessdfgBean be RC3 reconfigured if they are in the
HDis state.

C1 C single RX >< single TX ) RCY

\( double TX (commit side) >/

double TX (transmit side)

RC1

Figure 3-128. Message Buffer Reconfiguration Scheme

3.4.9 Receive FIFO

This section provides a detailed description of the two receive FIFOs.

3.4.9.1 Overview

The receive FIFOs implement the ged receive buffer defined by tRéeexRay Communications System
Protocol Specification, Version 2.0ne receive FIFO is assigned t@nhel A, the other receive FIFO is
assigned to channel B. Both FIFOs wodimpletely independent from each other.

The message buffer structure of each FIFO is describfgéation 3.4.3.3, “Receive FIFOThe area in
the FRM for each of the two rewei FIFOs is characterized by:
* The index of the first FIFO entry given®gceive FIFO Starndex Register (RFSIR)

* The number of FIFO entries and thngth of each FIFO entry as given Bgceive FIFO Depth
and Size Register (RFDSR)
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3.4.9.2 Receive FIFO Configuration

The receive FIFO control andwfiguration data are given Bection 3.4.3.7, “ReceivelFO Control and
Configuration Data”The configuration of the receive FIFOs consists of two steps.

The first step is the allocation of the requirecoant of FRM for the FlexRay window. This includes the
allocation of the message buffer heaalera and the allocatiaf the message buffdata fields. For more
details se&ection 3.4.4, “FlexRay Memory Layout”.

The second step is the programming of the gométion data register while the PE is-in

The following steps configerthe layout of the FIFO.

* The number of the first messagddyuieader index that belongstte FIFO is written into the
Receive FIFO Starndex Register (RFSIR)

* The depth of the FIFO is writtieno the FIFO_DEPTH field in thReceive FIFO Depth and Size
Register (RFDSR)

* The length of the message buffeta field for the FIFO is witién into the ENTRY_SIZE field in
theReceive FIFO Depth and Size Register (RFDSR)

NOTE

To ensure, that the read index RDIBMvays points to a message buffer that
contains valid data, the receive FIFO must have at least 2 entries.

The FIFO filters are configuretirough the fifo ilter registers.

3.4.9.3 Receive FIFO Reception

The frame reception to the receive FIFO is enablddy & certain slots no message buffer is assigned or
subscribed. In this case the FIFO filter path showkignire 3-129s activated.

When the receive FIFO filter path indicates tit received frame must be appended to the FIFO, the
FlexRay module writes the receivigEdme header and slot status itite message buffer header field
indicated by the internal FD header write index. Theawyload data are written the message buffer data
field. If the status of the received frame indicates a valid frame, ttx@ah FIFO header write index is
updated and the fifo not-empty intept flag FNEAIF/FNEBIF in thé&lobal Interrupt Flag and Enable
Register (GIFER])s set.

3494 Receive FIFO Message Access

If the fifo not-empty interrupt flag FNEAIF/FNEBIF in tl&lobal Interrupt Flag and Enable Register
(GIFER)is set, the receive FIFO contains valideiwed messages, which can be accessed by the
application.

The receive FIFO does not require locking toess the message buffers. To access the message the
application first reads the recei¥IFO read index RDIDX from theeceive FIFO A Reabhdex Register
(RFARIR) or Receive FIFO B Read Index Register (RFBRIR}pectively. This index points to the
message buffer header field of thatmessage buffer that containdidalata. The application can access
the message data as describefantion 3.4.3.3, “Receive FIFOWhen the application has read all
message buffer data and status infation, it writes ‘1’ to the fifo neempty interrupt flags FNEAIF or
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FNEBIF. This clears the interrupt flagnd updates the RDIDX field in tikeceive FIFO A Read Index
Register (RFARIRPr Receive FIFO B Read Index Register (RFBRIRspectively.When the RDIDX
value has reached the lastgsage buffer header fieldahbelongs to the fifo, iwraps around to the index
of the first message buffer headaldi that belongs to the fifo. This value is provided by the SIDX field
in theReceive FIFO Starnbdex Register (RFSIR)

3.4.9.5 Receive FIFO filtering

The receive FIFO filtering is activated afterehabled individual receive message buffers have been
searched without success for a mesdadter to receive the current frame.

The FlexRay module provides three sets of FIF@rBltThe FIFO filters arapplied to valid non-null

frames only. The FIFO will not rene invalid or null-frames. For eadHFO filter, thepass criteria is
specified in the related section given below. Only frames that have passed all filters will be appended to
the FIFO. The FIFO filtepath is depicted iRigure 3-129
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valid frame received (VRF) <

Y

< store into message buffer (vRF) 4—% individual message buffer found

*no

< null frame (VRFIHeader!NFindicator="0) ~ »Y&2
*no
o else
Frame ID Value-Mask rejection filter
*passed
o else
Frame ID Range rejection filter
*passed
) else
Frame ID Range acceptance filter
*passed
no . . .
frame received in dynamic segment
*yes
no .
message |ID (vRF!Header!PPIndicator="1’)
*yes
) else
Message ID acceptance filter
*passed
no
< append to FIFO (vRF) <—< FIFO full
*yes
< set fifo overflow interrupt flag
T

Y

ignore frame

Figure 3-129. Received Frame FIFO Filter Path

A received frame passes the FIFO filtering if it has paa#ietree type of filter.

3.4.9.5.1 RX FIFO Frame ID Value-Mask Rejection Filter

The frame ID value-mask rejectidiiter is a value-mask filter and defined by thdelds in theReceive
FIFO Frame ID Rejection Fét Value Register (RFFIDRFVRINd theReceive FIFO Frame ID Rejection
Filter Mask Register (RFFIDRFMREach received frame with a frenD FID that does not match the
value-mask filter value passesttfilter, i.e. is not rejected.

Consequently, a received valid frame with the frdbh&1D passes the RX FIFBrame ID Value-Mask
Rejection Filter ifEquation 3-10s fulfilled.

FID & RFFIDRFMR.FIDRFMSK != RFFIDRFVR.FIDRFVAL & RFFIDRFMR.FIDRFMSK Eqgn. 3-10
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The RX FIFO Frame ID Value-Mask [Retion Filter can beanfigured to pass ditames by the following
settings.

* RFFIDRFVR.FIDRFVAL:= 0x000 arRFFIDRFMR.FIDRFMSK:= Ox7FF

Using the settings above, only the frame with fram@ Maill be rejected, which is an invalid frame. All
other frames will pass.

The RX FIFO Frame ID Value-Mask Rejection Filter can be configured to reject all frames by the
following settings.

* RFFIDRFMR.FIDRFMSK:= 0x000

Using the settings abovEguation 3-1@an never be fulfilled (0!= O)wa thus all frameare rejected; no
frame will pass. This is theset value for the RX FIFO.

3.4.9.5.2 RX FIFO Frame ID Range Rejection Filter

Each of the four RX FIFO Frame IRange filters can be configuredasejection filter. The filters are

configured by th&keceive FIFO Range Filter Cogdiration Register (RFRFCFR)Nnd controlled by the
Receive FIFO Range Filt&ontrol Register (RFRFCTRThe RX FIFO Frame IPange filters apply to
all received valid frameg\ received frame with #nframe ID FID passes tiX FIFO Frame ID Range
rejection filters if eitheno rejection filter is enabled, or, for all the enabled RX HO Frame ID Range
rejection filters, i.e. RFRFCTRIMD = 1 and RFRFCTR.FIEN = Equation 3-11s fulfilled.

FID < RFRFCFRI.SID(0) and RFRFCFRI.SID(1) < FID Eqn. 3-11

Consequently, all frames withframe ID that fulfillEEquation 3-1Zor at least one of the enabled rejection
filters will be rejecéd and thus not pass.

RFRFCFRI.SID(0) <= FID <= RFRFCFRI.SID(1) Egn. 3-12

3.4.9.5.3 RX FIFO Frame ID Range Acceptance filter

Each of the four RX FIF®Grame ID Range filtarcan be configured as arcaptance filter. The filters are
configured by th&keceive FIFO Range Filter Cogdiration Register (RFRFCFR)Nnd controlled by the
Receive FIFO Range Filt&ontrol Register (RFRFCTRThe RX FIFO Frame IPange filters apply to
all received valid frameg\ received frame with #gnframe ID FID passes thX FIFO Frame ID Range
acceptance filters if eitheo acceptance filter is enabl|eor, for at least one die enabled RX FIFO Frame
ID Range acceptance filters, i.e.RIFCTR.FIMD = 0 and RFRFCTR.FIEN =HEquation 3-13s fulfilled.

RFRFCFRI.SID(0) <= FID <= RFRFCFRI.SID(1) Egn. 3-13

3.49.54 RX FIFO Message ID Acceptance Filter

The RX FIFO Message ID Acceptance Filteaigalue-mask filter and is defined by fReceive FIFO
Message ID Acceptance Filter Value Register (RFMIDAF9R) theReceive FIFO Message 1D
Acceptance Filter Mask Register (RFMIAFMR)his filter applies only to valid frames received in the
dynamic segment with the payload préderindicator bit PPI set to ‘1'. All other frames will pass this
filter.
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A received valid frame in the dynamic segment with the payload preamdiator bit PPI set to ‘1’ and
with the message ID MID (the first two bytes of the payload) will plesfX FIFO Message ID
Acceptance Filter iEquation 3-14s fulfilled.

MID & RFMIDAFMR.MIDAFMSK = RFMIDAFVR.MIDAFVAL & RFMIDAFMR.MIDAFMSK Eqgn. 3-14

The RX FIFO Message ID Acceptance Filter barconfigured to accepll frames by setting
* RFMIDAFMR.MIDAFMSK:= 0x000

Using the settings abovEguation 3-14s always fulfilled ad all frames will pass.

3.4.10 Channel Device Modes

This section describes the twekRay channel device modes thet supported by the FlexRay module.

3.4.10.1 Dual Channel Device Mode

In the dual channel device mod®th FlexRay ports are connectedgtysical FlexRay bus lines. The
FlexRay port consisting of RXIBG1, TXD_BG1, and TXEN1# is connected to the physical bus channel
A and the FlexRay port consisting of RXD_BG2,0XBG2, and TXEN1# is conited to the physical

bus channel B. The dual channel system is showigure 3-130

FlexRay Module
CHI PE
reg(A) = - RXD_BG1 P
channel 0 TXD_BG1 > FlexRay Bus Driver< >
Channel A
cfg(A) > TXEN1# q
cCrclnit[A]
reg(B) |- > -t RXD BG2 FlexRay Ghannel B
channel 1 TXD_BG2 > FlexRay Bus Driver< >
Channel B
cfg(B) > TXEN2# q
cCrclnit[B]

Figure 3-130. Dual Channel Device Mode

3.4.10.2 Single Channel Device Mode

The single channel device mode suppdevices that have only one ARay port available. This FlexRay
port consists of the signals RXD_BG1, TXD BGadd& XEN1# and can be connected to either the
physical bus channel A (shownfingure 3-13} or the physical bus channel B (showrFigure 3-132.
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If the device is configured as a single channel device by setting MCR.SCD to ‘1’, only the internal channel
A and the FlexRay Port A is used. Depending on the setting of MCR.CHNM@RICHB, the internal
channel A behaves either as a IRay Channel A or FlexRay ChannelBie bit MCR.CHA must be set,

if the FlexRay Port A is connected to a FlexRay Channel A. The bit MCR.CHB must be set if the FlexRay
Port A is connected to a FlexRaydZimel B. The two FlexRay channelffeh only in the initial value for

the frame CR@Crclnit. For a single channel device, the apgiion can access and configure only the
registers related to internal channel A.

FlexRay Module
CHI PE

reg(A) |=& - RXD_BG1 . FlexRay Channel A
channel A TXD_BG1 > Flexléﬁy Busl erver < >

cfg(A) > TXEN1# >l anne

reg(B) <€ » | | BXD BG2
channel B TXD BG2 .

cfg(B) » TXEN2# >

Figure 3-131. Single Channel Device Mode (Channel A)

FlexRay Module

CHI PE
RXD BG1
-
channel A TXENT# > Channel A < >
cfg(A) > >

A

cCrelnitfA] | | Init Value for Frame CRC is cCrclnit[B]

reg(B) |=&  § RXD BG2
channel B TXD BG2 >
Cfg(B) - TXEN2# »

Figure 3-132. Single Channel Device Mode (Channel B)
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3.4.11 External Clock Synchronization

The application of the external rate and offset caeads triggered when the application writes to the
EOC_AP and ERC_AP fields in thirotocol Operation @ntrol Register (POCR)'he PE applies the
external correction values in the next even-odd cycle pair as shdviguire 3-133andFigure 3-134

If the offset correction applied in the NIT of cycletAnshall be affect by the external offset correction,
the EOC_AP field must be written to after the stadyafle 2n and before the entlthe static segment of
cycle 2n+1. If this field is written tafter the end of theaic segment of cycle 2n+1, it is not guaranteed
that the external correction value is applied in eyi+1. If the value is not applied in cycle 2n+1, then
the value will be applied in the cycle 2n+3. RefeFigure 3-133or timing details.

EOC_AP write window EOC_AP application

- >

|
-
| static segment ! NIT | static segment ! NIT

:< cycle 2n » < cycle 2n+1 >

Figure 3-133. External Offset Correction Write and Application Timing

If the rate correction for the cycle pair [2n+2, 2n$B&ll be affect by the external offset correction, the
ERC_AP field must be written to after the start ofley2n and before the endtbie static segment start
of cycle 2n+1. If this field isvritten to after the end of the stasiegment of cycle 2n+it,is not guaranteed
that the external correction value is applied in cpelie [2n+2, 2n+3]. If the vakiis not applied for cycle
pair [2n+2, 2n+3], then the itee will be applied for cycle pair [2n+4, 2n+5]. RefeiFigure 3-134for
details.

€ ERC_AP write window > € ERC_AP application >
| - . - P | - | -

| static segment NIT | static segment NIT | static segment ' "NIT| static segment ' NIT
> cycle 2n > cycle 2n+1 > cycle 2n+2 > cycle 2n+3 >

Figure 3-134. External Rate Correction Write and Application Timing

3.4.12 Sync Frame ID and Sync Frame Deviation Tables

The FlexRay protocol requires thepision of a snapshot of the Synchronization Frame ID tables for the
even and odd communication cycle bmth channels. The FlexRay modplrovides the means to write a
copy of these internal tables into the FRM and enappkcation access to congat tables by means of
table locking. Once the application has lockeslttible successfully, the FlexRay module will not
overwrite these tables and the applmaican read a consistent snapshot.

NOTE

Only synchronization frames thiadve passed the synchronization frame
filters are considered for clock synohization and appear the sync frame
tables.
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3.4.12.1 Sync Frame ID Table Content

The Sync Frame ID Table is a snapstfdhe protocol related variablesSyncldListAandvsSyncldListB
for each even and odd communication cycle. Tdii¢e provides a list of the frame IDs of the
synchronization frames received the corresponding channel and cycle that are used for the clock
synchronization.

3.4.12.2 Sync Frame Deviation Table Content

The Sync Frame Deviation Table is a snapshoteptbtocol related variablessDev(id)(oe)(ch)!Value.
Each Sync Frame Deviation Table entry providesthgation value for theymc frame, with the frame
ID presented in the correspondingrgnn the Sync Frame ID Table.

SFTOR SFTOR + 60 SFTOR +120 SFTOR + 180
EVEN 4 0DD N EVEN ) ODD

Offset + $00 | Sync Frame ID ChA 1 Sync Frame ID ChA 1 Sync Deviation ChA 1 Sync Deviation ChA 1
Offset + $02 | Sync Frame ID ChA 2 Sync Frame ID ChA 2 Sync Deviation ChA 2 Sync Deviation ChA 2
SFC Offset + $04 | Sync Frame ID ChA 3 Sync Frame ID ChA 3 Sync Deviation ChA 3 Sync Deviation ChA 3
FCNTR Offset + $06 | Sync Frame ID ChA 4 Sync Frame ID ChA 4 Sync Deviation ChA 4 Sync Deviation ChA 4
SFEVA Offset + $08 | Sync Frame ID ChA 5 Sync Frame ID ChA 5 Sync Deviation ChA 5 Sync Deviation ChA 5
SFEVB Sync Frame ID ChA 6 Sync Frame ID ChA 6 Sync Deviation ChA 6 Sync Deviation ChA 6
elDChA7 Sync Frame ID ChA 7 Sync Deviation ChA 7 Sync Deviation ChA 7
Sync FrameTTChA&\ Sync Frame ID ChA 8 Sync Deviation ChA 8 Sync Deviation ChA 8
Sync Frame ID ChA 9 [~SyacFrame ID ChA 9 Sync Deviation ChA 9 Sync Deviation ChA 9

Sync Frame ID ChA 10 Sync Frame 1B-ChA 10) Sync Deviation ChA 10 Sync Deviation ChA 10

Offset + $14 ~\Sync Frame ID ChA 11 B4 Sync Frame ID ChA 11 Sync Deviation ChA 11| y»~| Sync Deviation ChA 11

Offset + $16 | Syng Frame ID ChA-12 Sync Frame ID ChA 12 Sync Deviation ChA 12 Sync Deviation ChA 12

fiset + $18 | Sync FrameD ChA 13 Sync Frame ID ChA-3— | Sync Deviation ChA 13 Sync Deviation ChA 13

ffset + $1A ramenD ChA 14) | SyncFrame ID ChA 14 Sync Deviation ChA 14 Sync Deviation ChA 14

SFC Offset Sync Fr: 5 Sync Frame ID ChA 15 Sync Deviation ChA 15 Sync Deviation ChA 15
FCNTR Sync Frame ID Ch Sync Frame ID ChB 1 Sync Deviation ChB 1 Sync Deviation ChB 1
SFODA Offsat + $20 | Sync Frame ID ChB 2 Sync Frame ID ChB 2 Sync Deviation ChB 2 Sync Deviation ChB 2
SFODB Offsep+ $22 | Sync Frame ID ChB 3 Sync Frame ID ChB 3 Sync Deviation ChB 3 Sync Deviation ChB 3
4 | Sync Frame ID ChB 4 Syng Frame ID ChB 4 Sync Deviation ChB 4 Sync Deviation ChB 4
Offset+\$26 | Sy e ID ChB5 Sync Frame ID ChB 5 Sync Deviation ChB 5 Sync Deviation ChB 5
Offset + Sync Frame IDChB-6] | Sync FramedD ChB 6 Sync Deviation ChB 6 Sync Deviation ChB 6
Offset + $8A | Sync_Frame ID ChB 7 [~Syne-Frame IDGhB 7 Sync Deviation ChB 7 Sync Deviation ChB 7
Offset + $2€ | Sync Frame ID ChB 8 Sync Frame IDChB8 | Sync Deviation ChB 8 Sync Deviation ChB 8
Offset + $2R§ Sync Frame ID-GhB 9 Sync Frame ID ChB 9 \\Syncgeviation ChB9 Sync Deviation ChB 9

Offset + $30 1 Sync Frame ID ChB\I‘S\ Sync Frame ID ChB 10 Sync Deviation-ChB 10 Sync Deviation ChB 10

Offset + $32 | Sync Frame ID ChB 11 Sync Frame ID ChB 11 Sync Deviation ChB 11 Sync Deviation ChB 11

Offset + $34 | Sync Frame ID ChB 12| Sync Frame ID ChB 12 Sync Deviation ChB 12 Sync Deviation ChB 12

Offset + $36 | Sync Frame ID ChB 13 Sync Frame ID ChB 13 Sync Deviation ChB 13 Sync Deviation ChB 13

Offset + $38 | Sync Frame ID ChB 14 Sync Frame ID ChB 14 Sync Deviation ChB 14 Sync Deviation ChB 14

Offset + $3A | Sync Frame ID ChB 15 Sync Frame ID ChB 15 Sync Deviation ChB 15 Sync Deviation ChB 15

Figure 3-135. Sync Table Memory Layout

3.412.3 Sync Frame ID and Sync Frame Deviation Table Setup

The FlexRay module writes a copy of the internal Byoization frame ID and d@&tion tables into the
FRM if requested by the pfication. The applicatiomust provide the appropteamount of FRM for the
tables. The memory layout of the tables is givehigure 3-135Each table occupies 120 16-bit entries.

While the protocol is it state, the application must progréme offsets for the tables into the
Sync Frame Table Offset Register (SFTOR)
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3.4.12.4 Sync Frame ID and Sync Frame Deviation Table Generation

The application controls the generation process of the Sync Frame ID and Sync Frame Deviation Tables
into the FRM using th&ync Frame Table Configuration, Control, Status Register (SFTC@SR)
summary of the copgnodes is given ifable 3-108

Table 3-108. Sync Frame Table Generation Modes

SFTCCSR
Description
OPT SDVEN | SIDEN
0 0 0 No Sync Frame Table copy
0 0 1 Sync Frame ID Tables will be copied continuously
0 1 0 Reserved
0 1 1 Sync Frame ID Tables and Sync Frame Deviation Tables will be copied continuously
1 0 0 No Sync Frame Table copy
1 0 1 Sync Frame ID Tables for next even-odd-cycle pair will be copied
0 1 0 Reserved
1 1 1 Sync Frame ID Tables and Sync Frame Deviation Tables for next even-odd-cycle pair will be
copied

The Sync Frame Table generationgass is described in the following for the even cycle. The same
sequence applies to the odd cycle.

If the application has enabled the sync frameetgleheration by setting SFTCCSR.SIDEN to ‘1’, the
FlexRay module starts the update ofelren cycle related tables after ttart of the NIT othe next even

cycle. The FlexRay module check#ié application has é&ed the tables byading the SFTCCSR.ELKS

lock status bit. If this bit is sethhe FlexRay module will not update thél@in this cycle. If this bit is

cleared, the FlexRay module locks this table and starts the table update. To indicate that these tables are
currently updated and may containonsistent data, the FlexRay moduleask the even table valid status

bit SFTCCSR.EVAL. Once all table em@s related to the even cycle haeen transferred into the FRM,

the FlexRay module sets the even table vali®&BiT CCSR.EVAL and the Even Cycle Table Written

Interrupt Flag EVT _IF in th€rotocol Interrupt Flag Register 1 (PIFRIE)the interrupt enable flag

EVT_IE is set, an interrupt request is generated.

To read the generated tables, dpplication must lock the tablés prevent the FlexRay module from
updating these tables. The lockingngiated by writing a ‘1’ to the even table lock trigger
SFTCCSR.ELKT. When the even table is not curramiyated by the FlexRay module, the lock is granted
and the even table lock status bit SFTCCSR.ELKS is set. This indicates that the application has
successfully locked the even sync tables anddhneesponding status infornna fields SFRA, SFRB in
the Sync Frame Counter Register (SFCNTR)e value in the SFTCCSRYCNUM field provides the
number of the cycle thatithtable is related to.

The number of available table entries per channel is provided in the SFCNTR.SFEVA and
SFCNTR.SFEVB fields. The application can now stareta the sync table ddtam the locations given
in Figure 3-135

After reading all the data from the locked tables,dpplication must unlock the table by writing to the
even table lock trigger SFTCCSR.ELKT again. The even table lock status bit SFTCCSR.ELKS is reset
immediately.
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If the sync frame table generati disabled, the table valid®iISFTCCSR.EVAL and SFTCCSR.EVAL
are reset when the counter values irShec Frame Count&egister (SFCNTRare updated. This is done
because the tables storedhe FRM are no longer ré&a to the values in ti&ync Frame Counter Register
(SFCNTR)

even table write odd table write
€ SFTCCSR.[OPT,SIDEN,SDVEN] write window > . .
| 1 ! [
| static segment nm- NIT | static segment nm- NIT | static segment n-- NIT
- cycle 2n-1 - cycle 2n >t cycle 2n+1 -

Figure 3-136. Sync Frame Table Trigger and Generation Timing

3.4.12.5 Sync Frame Table Access

The sync frame tablesill be transferred into the FRM during the table write windows shown in
Figure 3-136 During the table write, the apgdition can not lock the table thatcurrently written. If the
application locks the table outisi of the table write window, ¢éhlock is granted immediately.

3.4.12.5.1 Sync Frame Table Locking and Unlocking

The application locks the even/oddhs frame table by writig ‘1’ to the lock trigger bit ELKT/OLKT in
the Sync Frame Table Configuration, Cmoit Status Register (SFTCCSHf)the affected table is not
currently written to the FRM, thed& is granted immediately, and tloek status bit ELKS/OLKS is set.
If the affected table is currently written to the FRRNE lock is not granted. In this case, the application
must issue the lock request again until the lock is granted.

The application unlocks the even/odd sync frame table by writing thetdock trigger bit ELKT/OLKT.
The lock status bit ELKS/OLKS is cleared immediately.

3.4.13 MTS Generation

The FlexRay module provides a flexible meangetest the transmission thie Media Access Test
Symbol MTS in the symbol window on channel A or channel B.

The application can configure théd s€communication cycles in whidhe MTS will be transmitted over
the FlexRay bus by programming the CICTMSK and CYCCNTVAL fields in theMTS A
Configuration Register (MTSACFRINAMTS B Configuration Register (MTSBCFR)

The application enables or disablee generation dhe MTS on either channley setting or clearing the
MTE control bit in theViTS A ConfigurationRegister (MTSACFRPr MTS B Configuration Register
(MTSBCFR) If an MTS is to be transmitted in a cent@ommunication cycle, the application must set
the MTE control bit during the static segnt of the preceding communication cycle.

The MTS is transmitted over channel Atllre communication cycle with number CCNEfuation 3-16
Equation 3-17andEquation 3-17are fulfilled.

PSR0.PROTSTATE = NORMAL_ACTIVE Eqgn. 3-15

MTSACFR.MTE = 1 Eqgn. 3-16
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CCN[5:0] & MTSACFR.CCFMSK][5:0]== MTSACFR.CCFVAL[5:0] & MTSACFR.CCFMSK[5:0]  Egn. 3-17

The MTS is transmitted over channel B ie tommunication cycle ¥ number CCN, iEquation 3-15
Equation 3-18andEquation 3-1%re fulfilled.

MTSBCFR.MTE =1 Eqn. 3-18

CCNI[5:0] & MTSBCFR.CCFMSK][5:0] = MTSBCFR.CCFVAL[5:0] & MTSBCFR.CCFMSK([5:0] Eqgn. 3-19

3.4.14 Sync Frame and Startup Frame Transmission

The transmission of sync framesdastartup frames is controlled Hye following register fields:
« PCR18.key_slot _id: provides the number of thiefet sync or staup frame transmission
» PCR1l.key_slot_used_for_sync:gaties sync frame transmission
» PCR1l.key_slot_used_for_startugicates startup frame transmission
» PCR12.key_slot_header_crc: provides headdor sync frame or startup frame
* Message Buffer with messdmydfer number n=PCR18.key_slot_id

The generation of the sync startup frames depends on the current protocol state. ktihe
state, the generation is independafithe message buffer setup; in the state, the
generation is affected by the current message buffer setup.

3.4.14.1 Sync Frame and Startup Frame Transmission in

In the state, the sync and startup frame transmission is independent of the message buffer
setup. If at least one of the indicatibits PCR11.key_slot_used_for_sync or
PCR11.key slot _used_for_startup is seull Frame will be transmitted in theoslvith slot number
PCR18.key_slot_id. The header CRCthis Null Frame is takendm PCR12.key_slot_header_crc. The
settings of the sync and stgstframe indicators are taken frd@CR11.key_slot_used_for_sync and
PCR11.key_slot_used_for_startup.

3.4.14.2 Sync Frame and Startup Frame Transmission in

In the state, the sync and startup framensmission depends on the message buffer
setup. If at least one of the indicatibits PCR11.key slot_used_for_sync or
PCR11.key slot used for_ Hi#p is set, or if a transmit message buffer with MBFIDRn.FID ==
PCR18.key_slot_id is configured and enabled, a Nalhferor Data Frame will be transmitted in the slot
with slot number PCR18.key_slot_id. The heta@RC for this frame is taken from
PCR12.key_slot_header_crc, the settings of yhe and startup frame indicators are taken from
PCR11.key_slot_used_for_sync andRT.key slot used_for_startup. A d&&me will be transmitted

if the message buffer is unlocked and committedthadtycle counter filtematches the current cycle.

3.4.15 Sync Frame Filtering

Each received synchronization frameist pass the Sync Frame Acaamate Filter anthe Sync Frame
Rejection Filter before it is considered for cl@gkchronization. If the synchronization frame filtering is
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globally disabled, i.e. the SFFE control bit in Medule Configuration Register (MCH cleared, all

received synchronization frames are considered for clock synchronization. If a received synchronization
frame did not pass at least one of the two filtéis, frame is processed asiormal frame and is not
considered for clock synchronization.

3.4.15.1 Sync Frame Acceptance Filtering

The synchronization frame acdapce filter is implementeas a value-mask filtéFhe value is configured
in theSync Frame ID Acceptance FitValue Register (SFIDAFVRInd the mask is configured in the
Sync Frame ID Acceptance EftMask Register (SFIDAFMRA received synclonization frame with
the frame ID FID passes thgne frame acceptance filter,Equation 3-20r Equation 3-2&valuates to
true.

MCR.SFFE == Egn. 3-20
FID[9:0] & SFIDAFMR.FMSK[9:0] == SFIDAFVR.FVAL[9:0] & SFIDAFMR.FMSK[9:0] Egn. 3-21
NOTE

Sync frames are transmitted in gtatic segment onl{rhus FID <= 1023.

3.4.15.2 Sync Frame Rejection Filtering

The synchronization frame rejection filter is@nparator. The compare value is defined bySyrec
Frame ID Rejection FilteRegister (SFIDRFR)A received synchronizationdme with the frame ID FID
passes the sync frame rejection filteE@uation 3-22r Equation 3-23valuates to true.

MCR.SFFE == Egn. 3-22
FID[9:0] != SFIDRFR.SYNFRID[9:0] Egn. 3-23
NOTE

Sync frames are transmitted in gtatic segment onl{rhus FID <= 1023.

3.4.16 Strobe Signal Support

The FlexRay module provides a number of strobe gnaobserving internal protocol timing related
signals in the protocol engine. Thignals are listed and describedrable 3-11

3.4.16.1 Strobe Signal Assignment

Each of the strobe signals listedTiable 3-11can be assigned to one oéttour strobe ports using the
Strobe Signal Control Register (STBSCR) assign multiple strobegsials, the application must write
multiple times to thé&trobe Signal Control Register (STBSGM}h appropriate settings.

To read out the current settinigs a strobe signal with number e application must execute the
following sequence.

1. Write to STBSCR with WMD = 1rad SEL = N. (updates SEL field only)

MFR4300 Data Sheet, Rev. 3

Freescale Semiconductor 191



FlexRay Module (FLEXRAYV2)

2. Read STBCSR.
The SEL field provides N and the ENB and STBPSEL fields provides the settings for signal N.

3.4.16.2 Strobe Signal Timing

This section provides detad timing information of the strobe signalgh respect to th protocol engine
clock.

The strobe signals display internal Bignals. Due to the internal aragture of the PE, some signals are
generated several PE clock cydbesore the actual action is perfordhen the FlexRay Bus. These signals
are listed inrable 3-11with a negative clock offset. An example waveform is giveRigure 3-137

Strobe Signal \_y

FlexRay Bus Event

-2
Figure 3-137. Strobe Signal Timing (type = pulse, clk_offset = -2)

Other signals refer to events that occurred on teeRdy Bus some cycles bedéahe strobe signal is
changed. These signals are listedable 3-11with a positive clock offseAn example waveform is given

in Figure 3-138
PE Clock —L —L
Strobe Signal /‘*

FlexRay Bus Event

. +4 ,
_—

Figure 3-138. Strobe Signal Timing (type = pulse, clk_offset = +4)

3.4.17 Timer Support

The FlexRay module provides two timers, which omthe FlexRay time basEach timer generates a
maskable interrupt when it reacheoaftured point in time. Timer T1 is an absolute timer. Timer T2 can
be configured to be an absolute or a relative tiBeath timers can be configureéd be repetitive. In the
non-repetitive mode, timer stops if it expires. In repetitive mbwher is restarted when it expires.

Both timers are active only when the protocol i§in or state. If
the protocol is not in one of these modes, the timers are stopped. The application must restart the timers
when the protocol has reached the or state.
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3.4.17.1 Absolute Timer T1

The absolute timer T1 has the praibcycle count and the macrotickunt as the time base. The timer 1
interrupt flag TI1_IF in thé’rotocol Interrupt FladRegister 0 (PIFRG} set at the macrotick start event,
if Equation 3-24andEquation 3-25re fulfilled

CYCCTR.CYCCNT & T1ICYSR.T1_CYC_MSK == T1CYSR.T1_CYC_VAL & T1ICYSR.T1_CYC_MSK Eqgn. 3-24

MTCTR.MTCT == TIHMTOR.T1_MTOFFSET Eqgn. 3-25

If the timer 1 interrupt enable bit TI1_IE in tReotocol Interrupt Enable Register 0 (PIERDasserted,
an interrupt request is generated.

The status bit T1ST is set when the timer otered, and is cleared when the timer expires and is
non-repetitive. If the timer expires bistrepetitive, the T1ST bit is noteared and thener is restarted
immediately. The T1ST is cleared when the timer is stopped.

3.4.17.2 Absolute / Relative Timer T2

The timer T2 can be configured to be an absolutelative timer by setting thE2_CFG control bit in the
Timer Configuration an@ontrol Register (TICCR)The status bit T2ST is sehen the timer is triggered,
and is cleared when the timer exgiand is non-repetitive. the timer expires but iepetitive, the T2ST
bit is not cleared and the timer is restarted immebliaThe T2ST is cleared when the timer is stopped.

3.4.17.2.1 Absolute Timer T2

If timer T2 is configured as an absolute timer, & e same functionality timé@1 but the configuration
from Timer 2 Configuration Register O (TI2CR&dTimer 2 Configuration Register 1 (TI2CRi$)used.
On expiration of timer T2, the interrupt flag TI2_IF in fAmtocol Interrupt Flag Register 0 (PIFRS)
set. If the timer 1 interrugnable bit TI1_IE in th@rotocol Interrupt Enable Register 0 (PIERD)
asserted, an interrupt request is generated.

3.4.17.2.2 Relative Timer T2

If the timer T2 is configured as a relaitimer, the interrupt flag TI2_IF in tH&rotocol Interrupt Flag
Register 0 (PIFROs set, when the programmed amoointnacroticks MT[31:0], defined byimer 2
Configuration Regiter O (TI2CROpandTimer 2 Configuration Register 1 (TI2CRhjas expired since the
trigger or restart of timer 2. Thelaéive timer is implemented as a dowounter and expires when it has
reached 0. At the macrotick start event, the valldTB1:0] is checked and then decremented. Thus, if
the timer is started with MB1:0] == 0, it expires athe next macrotick start.

3.4.18 Slot Status Monitoring

The FlexRay module provides several means for slot status monitoring. All slot status monitors use the
same slot status vector provided by the PE. The PEde®w slot status vector for each static slot, for
each dynamic slot, for treymbol window, and for the NIT, on a pgrannel base. The content of the slot
status vector idescribed imable 3-109 The PE provides the slot stattector within the first macrotick

after the end of the relatstbt/window/NIT, as shown ifigure 3-139

MFR4300 Data Sheet, Rev. 3

Freescale Semiconductor 193



FlexRay Module (FLEXRAYV2)

5
_ = < < z =
= ° k] ks =
z % ° % B Z
< @ @ @ 5
E 3 2 3 3 2
g g g g g g
! - . | - . = | '
Hd 5 E gL 5 o 5 L
@ = B S D = = 2] ol =
o B B = g = @
S =l 2l =3 = g
o I I = I <l
I slot1 ! I 3 | I
| §| | |
| ; ; 3 .
static segment | dynamic segment | symbol window | NIT |
< » < » < » < >
| communication cycle |
- ¥ >

Figure 3-139. Slot Status Vector Update

NOTE
The slot status for the NIT of cyclesprovided after the start of cycle n+1.

Table 3-109. Slot Status Content

Status Content

static / slot related status

dynamic vSS!ValidFrame - valid frame received

Slot vSS!SyntaxError - syntax error occurred while receiving
vSS!ContentError - content error occurred while receiving
vSS!BViolation - boundary violation while receiving
for slots in which the module transmits:
vSS!TxConflict - reception ongoing while transmission starts
for slots in which the module does not transmit:
vSS!TxConflict - reception ongoing while transmission starts
first valid - channel that has received the first valid frame
received frame related status
extracted from
a) header of valid frame, if vSS!ValidFrame = 1
b) last received header, if vSS!ValidFrame = 0
c) set to ‘0’, if nothing was received
vRFIHeader!NFIndicator - Null Frame Indicator (O for null frame)
vRF!Header!SuFIndicator - Startup Frame Indicator
vRF!Header!SyFIndicator - Sync Frame Indicator
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Table 3-109. Slot Status Content

Status Content

Symbol window related status

Window vSS!ValidFrame - always 0

vSS!ContentError - content error occurred while receiving
vSS!SyntaxError - syntax error occurred while receiving
vSS/BViolation - boundary violation while receiving
vSS!TxConflict - reception ongoing while transmission starts
received symbol related status

vSS!ValidMTS - valid Media Test Access Symbol received
received frame related status

see static/dynamic slot

NIT NIT related status

vSS!ValidFrame - always 0

vSS!ContentError - content error occurred while receiving
vSS!SyntaxError - syntax error occurred while receiving
vSS!BViolation - boundary violation while receiving
vSS!TxConflict - always 0

received frame related status

see static/dynamic slot

3.4.18.1 Channel Status Error Counter Registers

The two channel status error counter registéinsnnel A Status Error Qater Register (CASERCR)d
Channel B Status Error Qoter Register (CBSERCRNcremented by one, if &ast one of four slot
status error bitsySS!SyntaxErronSS!ContentErrgivSS!BViolationor vSS!TxConflicts set to ‘1’. The
status vectors for all slots in the static and dymesegment, in the symbol window, and in the NIT are
taken into account. The courgexrap round after they haveached the maximum value.

3.4.18.2 Protocol Status Registers

TheProtocol Status Register 2 (PSR2dvides slot status informati@bout the Network Idle Time NIT
and the Symbol Window. THerotocol Status Register 3 (PSRBdvides aggregated slot status
information.

3.4.18.3 Slot Status Registers

The eight slot status registe®pt Status Registers (SSRO-SSR&AN be used to observe the status of
static slots, dynamic slots, the symbol windowtha NIT without individual message buffers. These
registers provide all slot statusgated and received frame / symbol rethsatus information, as given in
Table 3-109 except of thdirst valid indicator for non-transmission slots.

3.4.18.4 Slot Status Counter Registers

The FlexRay module provides four sktatus error counter registe®ot Status Counter Registers

(SSCRO-SSCR3Each of these slot statusunter registers is updat with the value of an internal slot
status counter at the start of a conmication cycle. The internal sloistis counter is incremented if its
increment condition, defined by tl&ot Status Counterdhdition Register (SSCCRnatches the status
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vector provided by the PE. All static slots, the bpfrwindow, and the NIT status are taken into account.
Dynamicslots areexcluded The internal slot status courg and update timig is shown irFigure 3-140

incr. SSCRN_INT on error }7 SSCRN_INT not updated 4* incr. SSCRn_INT on error

SSCRn:= SSCRn_INT

_>

SSCRn:= SSCRn_INT

—»status(slot 1)

MT__P P status(NI
MT—] —»status(slot n)

MT__F P status(sym.win) —3»

W — —»status(slot k)
T — —status(N

NIT start
cle start

_ _slotstart |
MT
slot start

_ cycle start

cy

slot 1

ymbol window start

A

» < static segment
| communication cycle
—» < y!

y

dynamic segment ;|< symbol window NIT !
1

Y
A
Y
A

Figure 3-140. Slot Status Counting and SSCRn Update

The PE provides the status of the NIT in the first gfdhe next cycle. Due to these facts, the SSCRn

register reflects, in cycle n, the statof the NIT of cycle n-2, and tiséatus of all static slots and the
symbol window of cycle n-1.

The increment condition for each slot status courtesists of two parts, tHeame related condition part

and the slot related condin part. The internal slot status courB&CRnN_INT is increented if at least
one of the conditions is fulfilled:

1. frame related condition:

* (SSCCRnN.VFR | SSCCRnN.SYF | SSCCRn.NEECCRN.SUF) // count on frame condition
e 511;
and

* ((~SSCCRn.VFR/BS!ValidFramg& // valid frame restriction
(~SSCCRnN.SYF\RF!Header!SyFIndicatQr& // sync frame indicator restriction
(~SSCCRnN.NUF | vRF!Header!NFIndicator & // null frame indicator restriction
(~SSCCRn.SUR\RF!Header!SuFIndicatq) // startup framéndicator restriction
=1

NOTE

The indicator bits SYF, NUF, and SUF are valid only when a valid frame

was received. Thus it is requiredsiet the VFR always, whenever count on
frame condition is used.

2. slot related condition:

*  ((SSCCRN.STATUSMASK]3] &SS!ContentErrgr| // increment on content error
(SSCCRN.STATUSMASK]2] & SS!SyntaxErrgr| // increment on syntax error
(SSCCRN.STATUSMASK]1] &SS!BViolatioh| // increment on boundary violation
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(SSCCRN.STATUSMASK]0] & SS!TxConflig) // increment onransmission conflict
=1

If the slot status counter is imglle cycle mode, i.e. SSC@RCY = ‘0’, the internaklot status counter
SSCRnN_INT is reset at each cycle start. If thestktus counter is in the multicycle mode, i.e.
SSCCRn.MCY = ‘1’, the counter is not reset amctemented, until the maximum value is reached.

3.4.18.5 Message Buffer Slot Status Field

Each individual message buffer agmch FIFO message buffer providesad status field, which provides
the information shown ifable 3-10%or the static/dynamic slot. The ugdaonditions for the slot status
field depend on the message buffer type. Reféhe Message Buffer Update SectionSattion 3.4.6,
“Individual Message Buffer Functional Description

3.4.19 Interrupt Support

The FlexRay module provides 172 individual interrsgarces and five cormied interrupt sources.

3.4.19.1 Individual Interrupt Sources

3.4.19.1.1  Message Buffer Interrupts
The FlexRay module provides 128 message buffer interrupt sources.

Each individual message buffer provides an interrupt flag MBCCSn.MBIF and an interrupt enable bit
MBCCSn.MBIE. The FlexRay module sets the interrugg fivhen the slot status of the message buffer
was updated. If the interrupt enable bitsserted, an interrupt request is generated.

3.4.19.1.2 Receive FIFO Interrupts

The FlexRay module provides Z2&eive FIFO interrupt sources.

Each of the 2 Receive FIFO provida Receive FIFO Not Hoty Interrupt Flag. The FlexRay module sets
the Receive FIFO Not Empty Interrupt Fa@IFER.FNEBIF, GIFER.FNEAIF) in thélobal Interrupt
Flag and Enable Register (GIFER)he corresponding Receive FIFO is not empty.

3.4.19.1.3 Wakeup Interrupt

The FlexRay module provides one interrupt source related to the wakeup.

The FlexRay module sets the Wakeup Interrupt Flag GIFER.WUPIF when it has received a wakeup
symbol on the FlexRay bus. &lflexRay module generates an interrupt requést ihterrupt enable bit
GIFER.WUPIE is asserted.

3.4.19.1.4 Protocol Interrupts

The FlexRay module provides 25 interrupt sources for protocol related events. For detRilstczs
Interrupt Flag Register O (PIFR@nhdProtocol Interrupt Flag Register 1 (PIFREpch interrupt source
has its own interrupt enable bit.
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3.4.19.1.5 CHI Error Interrupts

The FlexRay module provides 16 irigpt sources for CHI relatetror events. For details, s€éll Error
Flag Register (CHIERFR)here is one common interrupt enabieGIFER.CHIIE for all CHI error
interrupt sources.

3.419.2 Combined Interrupt Sources

Each combined interrupt source generates an intenegpest only when at least one of the interrupt
sources that is combinedrgates an interrupt request.

3.4.19.2.1 Receive Message Buffer Interrupt

The combined receive message buffer interrupt request RBIRQ is generated when at least one of the
individual receive message buffers generates anupterequest MBXIRQ[n] and the interrupt enable bit
GIFER.RBIE is set.

3.4.19.2.2 Transmit Message Buffer Interrupt

The combined transmit message buffer interrupt retlgiBIRQ is generated when at least one of the
individual transmit message buffegenerates an interrupt request KIRQ[n] and the interrupt enable
bit GIFER.TBIE is asserted.

3.4.19.2.3 Protocol Interrupt

The combined protocol interrupt request PRTIRQ is generated whasiadte of the individual protocol
interrupt sources generates an interrupt recquesthe interrupt enable bit GIFER.PRIE is set.
3.4.19.2.4  CHI Error Interrupt

The combined CHI error interruptterrupt request CHIIR@ generated when at least one of the
individual chi error interrupt sooes generates an intept request and the interrupt enable bit
GIFER.CHIE is set.

3.4.19.2.5 Module Interrupt

The combined module interrupt request MIRQ is generated if at least one of the combined interrupt
sources generates an interrupt request and the interrupt enable bit GIFER.MIE is set.
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Interrupt Signals
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Figure 3-141. Scheme of cascaded interrupt request
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Figure 3-142. INT_CC# generation scheme

Interrupt Sources
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Figure 3-143. Scheme of combined interrupt flags
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3.4.20 Clock Domain Crossing

The Clock Domain Crossing modu@C implements the signal crosgifrom the CHI clock domain to
the PE clock domain and vice versa. The signal cro$sgig is implemented as a three-stage pipe-line.
Two pipe-line stages are used &twck synchronization; the thirdagje is used for pulse generation.

3.4.20.1 Clock Domain Crossing Signal Latency

Due to the clock domain crossing implementation, eaptasirom the PE to the Glis delayed by at least
two CHI clock cycles and by at masiree CHI clock cycles. In ternad time, the signal latency timgt
for a given CHI frequencyf; is

i S IS fi Egn. 3-26

fchi chi
3.5 Initialization Information

This section provides information fontializing and using the FlexRay module.

3.5.1 FlexRay Initialization Sequence

The full FlexRay module is set with the hard reset. Additionallygetprotocol engine is reset in the Stop
Mode and as a result of the RESgbtocol command issued using ®etocol Operation Control
Register (POCR)

The hard reset resets all internagjisters and all registerstime FlexRay module memory map. The
protocol engine reset resets only the registers ipribtecol engine. All registerin memory are not reset.

The following is an inithlization sequence applicable to the FlexRay module after a hard reset

1. Configure FlexRay module
— set the control bits in thidodule Configuration Register (MCR)
2. Enable the FlexRay module
— set the MEN bit in thélodule Configuration Register (MCR)
— the FlexRay module enters the Normal Mode
3. Configure the Protocol Engine
— write the CONFIG commandto the POCCMD field of th@rotocol Operation Control
Register (POCR)
— write to the PCR][0:31] registers to set all protocol parameters.
4. Configure the Message Buffers and FIFOs

— set the number of message buffers used and the message buffer segmentatMesrabe
Buffer Segment Size and Ugation Register (MBSSUTR)

— define the message buffer data size inMlessage Buffer Data Size Register (MBDSR)

— configure each message faufby setting the configuration values in tlessage Buffer
Configuration, ControlStatus Registers (MBCCSRessage Buffer Cycle Counter Filter
Registers (MBCCFRnMessage Buffer Frame IRegisters (MBFIDRn)Message Buffer
Index Registers (MBIDXRn)
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— configure the receive FIFOs
5. Start the FlexRay module as a FlexRay node

— write the READY protocol comnmal into the POCCMD field of throtocol Operation
Control Register (POCR)

— now the FlexRay module enters the FlexRay protocol

After this sequence, the FIRay module is configured as-lexRay node and is ready to be integrated into
the FlexRay cluster.

3.5.2 Number of Usable Message Buffers

This section describes hdw determine the number ofessage buffers that candddized at a given CHI
clock frequency ;.

The FlexRay module uses a sequential searchtéondime the individual message buffers suitable for
transmission or reception in the nekit. This search must be faied within one FlexRay slot. The
shortest FlexRay slot is an empty dgmaslot. An empty dynamislot is a minislot andonsists of at least
two macroticks. The minimum length of a corrected ik is 39 uT. The length of 1 uT is 25 ns. This
results in a minimum slot length of

tototmin = 1.95us = 25;'—? : 39% 2MT Eqn. 3-27

The search engine is located in the CHI and runs on the CHI dlbelsearch engine searches one
individual message buffer pelock cycle. For interal status update and doubilgffer commit operations,
and as a result of the clock domanossing jitter, an additional amourft10 clock cycles is required to
ensure correct operation.

For a given number of message buffensl for a given CHI clock frequency,f this results in a search
duration of

tyearon= 7= - (Imessagebuffefs 1 Eqn. 3-28

chi

As mentioned above, each message buffer searchbeisished within onslot. Thus the following
equation must be fulfilled

tsearchs tsiotmin Eqn. 3-29

This results in the formula to determine theimium required CHI frequency for a given number of
message buffers that can be utilized.

fos Imessagebuffefs 1
chi=

1.95us
The minimum CHI frequency for a selected semessage buffer numbers is givedable 3-110

Egn. 3-30

Table 3-110. Minimum CHI Frequency Examples

# Message Buffers | minimum fg,;

32 21.54 MHz
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Table 3-110. Minimum CHI Frequency Examples

# Message Buffers | minimum f;

64 37.95 MHz

128 70.77 MHz

3.6 Application Information

3.6.1 Shut Down Sequence

This section describes a safe shut down sequestethe FlexRay module gefully. The main targets
of this sequence are

* do not send invalid data on the FlexRay bus
* do not corrupt FlexRay bus atanot disturb ongoing communication
» finish all ongoing reception

Firstly, the application muststble all message buffers by triggg the EDT trigger bit in thiessage
Buffer Configuration, ControlStatus Registers (MBCCSRunintil the EDS flag is cleared by the FlexRay
module. This ensures that no transmission is stéagehe FlexRay module. #ll message buffers are
disabled, the application issues th&LT command to the PE using tReotocol Operation Control
Register (POCR)The PE then waits for the end oétbommunication cycle and goes into ke

state. The application can observe thidesthange in the PROTSTATE field of fRetocol Status
Register 0 (PSRO)

3.6.2 Protocol Control Command Execution
This section considers the issuesha protocol control command execution.

The application issues any thie protocol control commands listed in the POCCMD fieldaifle 3-15

by writing the command to the POCCMD field of faetocol Operation Control Register (POCR3 a
result the FlexRay module sets 88Y bit while the command is traresfed to the PE. When the PE has
accepted the command, the BSY flag is @daAll commands are accepted by the PE.

The PE maintains a protocol commelavector. For each command thasveacepted by the PE, the PE sets
the corresponding command bit in the protocol command vector. If a comsnaaded while the
corresponding command bit is set, the command is not queued and is lost.

If the command execution block of the PE is idle, it selects theagegpted protocol command with the
highest priority from the curremprotocol command vector accorditgthe protocol control command
priorities given inTable 3-111If the current protocol state does afibw the executionf this protocol
command (see POC state changddéxRay Communications Sgst Protocol Specification,

Version 2.) the FlexRay module asserts the illegal prot@ommand interrupt flag IPC_IF in the
Protocol Interrupt Flag Register 1 (PIFRThe protocol command et executed in this case.

Some protocol commands may be mieted by other commands or the detection of a fatal protocol error
as indicated byable 3-111If the application issues the RESEREEZE, or READY command, or if the
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the PE detects a fatal protocol error, some contimalready stored in ttemmand vector will be
removed from this vector.

Table 3-111. Protocol Control Command Priorities

Protocol Command Priority Interrupted By Cleared and Terminated By
RESET (highest) 1
FREEZE 2 none RESET
READY 3 RESET
CONFIG_COMPLETE 3 RESET
ALL_SLOTS 4 RESET, FREEZE, READY, CONFIG_COMPLETE,
fatal protocol error
ALLOW_COLDSTART 5 RESET
RUN 6 RESET, RESET, FREEZE,
FREEZE, fatal protocol error
READY,
WAKEUP 7| CONFIG_COMPLET, | RESET, FREEZE,
fatal protocol error | fatal protocol error
DEFAULT_CONFIG 8 RESET, FREEZE,
fatal protocol error
CONFIG 9 RESET
HALT (lowest) 10 RESET, FREEZE, READY, CONFIG_COMPLETE,

fatal protocol error

3.6.3 Protocol Reset Command
The section considers the isswéshe protocol RESET command.

The application issues the probboeset command by writing tiRESET command code to the POCCMD
field of theProtocol Operation Control Register (POCR$ a result, the PEtops its operation
immediately, the FlexRay by®rts put into their idle state, and nonmdata or statuaformation is sent
to the CHI. The lack of PE signals stops all nagesbuffer operations in the CHI. In particular, the
message buffers that are currently urideernal use remain internallycked. To overcome this message
buffer internal lock situan, the application must put the protocol into fiie state. This
will release all internal message buffer locks.

The following sequence must be executed leyapbplication to put the protocol into the
state.

1. Repeat sending the Psobl Command FREEZE vRrotocol Operation Control Register (POCR)
until the freeze bit FRZ iRrotocol Status Register 1 (PSR4 set.

2. Repeat sending the Protocol Command DEFAULT_CONFI®réocol Operation Control
Register (POCR)until the freeze bit FRZ bit iRrotocol Status Register 1 (PSRLglear and the
PROTSTATE field inProtocol Status Register 0 (PSR®¥et to DEFAULT_CONFIG.
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Chapter 4
Port Integration Module (PIM)

4.1 Introduction

411 Overview

The Port Integration Module implements the inteztabetween the FlexRay IP block, the peripheral
modules, and the I/O pins.

4.1.2 Features

The Port Integration Module inalles these distinctive features:
» Pad control for all functional pads including:
— drive strength enable (DSE), via a control register
— pull enable (PUE), via a control register
— pull select (PUS)yia a control register
* Pin multiplexing and direction control for reset mode

4.1.3 Modes of Operation

The Port Integration Module cd@ put into the following modes:

*  Functional Mode

In this mode, the module driveaah associated pin and has cortept=ontrol of the direction of
that pin. The drive strength and jug/pulldown enable are controlleth a set of cotrol registers.

* Reset Mode
In this mode, the pin configuration is changed for:
— clock output control: CLK_S0 and CLK_S1
— host interface control: IF_SELO and IF_SEL1
The control signals become available on the corresponding pirseirmnede. Refer tGhapter 6,
“Clocks and Reset Generator (CR®)r reset mode details.

This is a high level description lgn detailed descriptions of opéirag modes are contained in later
sections.

4.2 External Signal Description

For detailed descriptions of pauiar pins and signals, refer &ection 2.4, “Signal Descriptiohs
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4.2.1 Functional Mode
Table 4-1. Pin Functions (Functional Mode)
Name Function Direction Special
Configuration’
Host Interface
A[6:1)/XADDR[14:19] AMI address bus / HCS12 expanded address lines. Input PU/PD
A1-LSB of the AMI address bus,
XADDR14-LSB of the HCS12 expanded address lines
A[7:9] AMI address bus Input PU/PD
OE#/ACS0 AMI read output enable signal / HCS12 address select input Input PU/PD
A[12:11)/ACSJ[2:1] AMI address bus / HCS12 address select inputs Input PU/PD
BSEL[1:0]#/DBG[0:1] AMI byte select / Debug strobe point Input/Output DC/PU/PD
D[15:8]/PB[0:7] AMI data bus / HCS12 multiplexed address/data bus. Input/Output DC/PU/PD
D15 is the MSB of the AMI data bus,
PBO is the LSB of the HCS12 address/data bus
D[7:0]/PA[0:7] AMI data bus / HCS12 multiplexed address/data bus. Input/Output DC/PU/PD
DO is the LSB of the AMI data bus,
PA7 is the MSB of the HCS12 address/data bus
CE#/LSTRB AMI chip select signal / HCS12 low-byte strobe signal Input PU/PD
WE#/RW_CC# AMI write enable signal/ HCS12 read/write select signal Input PU/PD
A10/ECLK_CC AMI address bus/ HCS12 clock inputHCS12 interface, clock Input PU/PD
input
Physical Layer Interface
RXD_BG[2:1] PHY Data receiver input Input PU/PD
TXEN[2:1]# Transmit enable for PHY Output DC
TXD_BG[1:2)/IF_SEL[1:0] | PHY Data transmitter output / Host interface select Input/Output DC
Clock Interface
CHICLK_CC External CHI clock input selectable Input -
CLKOUT Controller clock output selectable between disabled, Output DC
4/10/40 MHz
Other
RESET# Hardware reset input Input -
INT_CC# Controller interrupt output Output DC/OD
TEST Factory Test mode select — must be tied to logic low in Input PD

application
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Table 4-1. Pin Functions (Functional Mode) (Continued)

Name Function Direction Con?igi(;iaatlioﬂ
DBG[3:2]/CLK_S[1:0] Debug strobe point / External CHI clock input select Output DC
Oscillator
EXTAL/CC_CLK Crystal driver / External clock Input -
XTAL Crystal driver Input -
T Acronyms:

PC — (Pullup/pulldown Controlled) Register controlled internal weak pullup/pulldown for a pin in the input mode
PD — (Pulldown) Internal weak pulldown for a pin in the input mode
DC — (Drive strength Controlled) Register controlled drive strength for a pin in the output mode

4.2.2 Reset Mode

This pin configuration is enaldlén reset mode only. Refer @hapter 6, “Clocks and Reset Generator
(CRGY for reset mode details. When the device is in reset mode, the corresponding pads go into input
mode with pulldown enabled.

Table 4-2. Pin Functions (Reset Mode)

Name Direction Special Configuration'
TXD_BG[1:2)/IF_SEL[1:0] Input PD
DBG[3:2)/CLK_S[1:0] Input PD

T Acronyms:
PD — (Pulldown) Internal weak pulldown for a pin in the input mode

4.3 PIM Memory Map and Registers

This section provides a detailed descriptiomlbfegisters in the Port Integration Module.

Only 16-bit reads and 8-bit and 16-hitites are allowed to all registers.
Table 4-3. Port Integration Module Memory Map

Address Use Access
0x00F0 Part ID Register (PIDR) R
0x00F2 ASIC Version Number Register (AVNR) R
0x00F4 Host Interface Pins Drive Strength Register (HIPDSR) R/W
0x00F6 Physical Layer Pins Drive Strength Register (PLPDSR) R/W
0x00F8 Host Interface Pins Pullup/pulldown Enable Register (HIPPER) R/W
0x00FA Host Interface Pins Pullup/pulldown Control Register (HIPPCR) R/W
0x00FC Physical Layer Pins Pullup/pulldown Enable Register (PLPPER) R/W
0x00FE Physical Layer Pins Pullup/pulldown Control Register (PLPPCR) R/W
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4.3.1 Port Integration Module Registers

43.1.1 Part ID Register (PIDR)

Address in MFR4300 = 0xO0F0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0
W
Reset 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0
Figure 4-1. Part ID Register (PIDR)
This register provides the part [B1300’) in binary coded decimal.
4.3.1.2 ASIC Version Number Register (AVNR)
Address in MFR4300 = 0x00F2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 4-2. ASIC Version Number Register (AVNR)

This register provides the ASIC vessinumber (‘0000’) in binary coded decimal.

43.1.3 Host Interface Pins Drive Strength Register (HIPDSR)

Address in MFR4300 = Ox00F4 Write: Any Time

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

Rl 0 0 0 0 0 0 0 0 0 0 0 0 D[0:1
w CLKO| DBG[ | INT_ PZ][/O'
UT | 32 | CC# | ,op

0:7]

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

Figure 4-3. Host Interface Pins Drive Strength Register (HIPDSR)

This register controls the drive strength of iost interface, interrupt, debug, and output clock pins.
Table 4-4. HIPDSR Field Descriptions

Field Description
0 Host interface output data drive strength control
D[0:15)/ 0 Pin drive strength is reduced to 1/3 of full strength
PA[0:7)/ 1 Pin drive strength is full
PBI[0:7]
1 Interrupt output drive strength control
INT_CC# |0 Pin drive strength is reduced to 1/3 of full strength
1 Pin drive strength is full
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Table 4-4. HIPDSR Field Descriptions (Continued)

Field Description
2 Debug output (bits 3 and 2 only) drive strength control
DBG[3:2] |0 Pin drive strength is reduced to 1/3 of full strength
1 Pin drive strength is full
3 Output clock drive strength control
CLKOUT |0 Pin drive strength is reduced to 1/3 of full strength
1 Pin drive strength is full
43.1.4 Physical Layer Pins Drive Strength Register (PLPDSR)

Address in MFR4300 = 0xO0F6 Write: Any Time

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl O 0 0 0 0 0 0 0 0 0 0 0 |TXD_|TXD_|TXEN|TXEN
W BG2 | BG1 | 2# 1#

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

Figure 4-4. Physical Layer Pins Drive Strength Register (PLPDSR)

This register controls the drive stggh of the FlexRaphysical layer pins.

Table 4-5. PLPDSR Field Descriptions

Field Description
0 Transmit enable (channel A) output drive strength control
TXEN1# |0 Pin drive strength is reduced to 1/3 of full strength
1 Pin drive strength is full
1 Transmit enable (channel B) output drive strength control
TXEN2# |0 Pin drive strength is reduced to 1/3 of full strength
1 Pin drive strength is full
2 Transmit data (channel A) output drive strength control
TXD_BG1 |0 Pin drive strength is reduced to 1/3 of full strength
1 Pin drive strength is full
3 Transmit data (channel B) output drive strength control
TXD_BG2 |0 Pin drive strength is reduced to 1/3 of full strength
1 Pin drive strength is full
43.1.5 Host Interface Pins Pullup/pulldown Enable Register (HIPPER)

Address in MFR4300 = 0x00F8

Write: Any Time

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl O 0 D[0:1
w WE#/ 5)/ .| A6/ | A5/ | A4/ | A3/ | A2/ | A1/
RW_ g.IE.;/é' PA[O: A(;g/zA AC1;/1A ECIE:(/) B1S(|)E]:;[ A[;]O' XADD | XADD | XADD | XADD | XADD | XADD
CC# 71/PB[ ) R14 | R15 | R16 | R17 | R18 | R19
0:7]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-5. Host Interface Pins Pullup/pulldown Enable Register (HIPPER)
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This register enables/disables the wodl/pulldowns of the host interface pins.
Table 4-6. HIPPER Field Descriptions

Field Description

0 AMI address bit 1 / HCS12 expanded address bit 19 pullup/pulldown enable
A1/ 0 pullup/pulldown disabled
XADDR19 |1 pullup/pulldown enabled

A2/ AMI address bit 2 / HCS12 expanded address bit 18 pullup/pulldown enable
XADDR18 |0 pullup/pulldown disabled
1 pullup/pulldown enabled

2 AMI address bit 3 / HCS12 expanded address bit 17 pullup/pulldown enable
A3/ 0 pullup/pulldown disabled
XADDR17 |1 pullup/pulldown enabled

A4/ AMI address bit 4 / HCS12 expanded address bit 16 pullup/pulldown enable
XADDR16 |0 pullup/pulldown disabled
1 pullup/pulldown enabled

4 AMI address bit 5/ HCS12 expanded address bit 15 pullup/pulldown enable
A5/ 0 pullup/pulldown disabled
XADDR15 |1 pullup/pulldown enabled

5 AMI address bit 6 / HCS12 expanded address bit 14 pullup/pulldown enable
A6/ 0 pullup/pulldown disabled
XADDR14 |1 pullup/pulldown enabled

6 AMI address bits 7 through 10 pullup/pulldown enable
A[10:7] 0 pullup/pulldown disabled
1 pullup/pulldown enabled

NOTE

The pullup/pulldown for input AL0/ECLK_CC is enabled
only when the AMI interface is selected.

7 AMI byte select pullup/pulldown enable
BSEL[1:0]# |0 pullup/pulldown disabled
1 pullup/pulldown enabled

8 AMI output enable / HCS12 address select bit 0 pullup/pulldown enable
OE#/ 0 pullup/pulldown disabled
ACSO 1 pullup/pulldown enabled

9 AMI address bit 11 / HCS12 address select bit 1 pullup/pulldown enable
Al11/ 0 pullup/pulldown disabled
ACSH1 1 pullup/pulldown enabled

10 AMI address bit 12 / HCS12 address select bit 2 pullup/pulldown enable
A12/ 0 pullup/pulldown disabled
ACS2 1 pullup/pulldown enabled

11 Host interface input data pullup/pulldown enable
D[0:15)/ 0 pullup/pulldown disabled
PA[0:7])/ 1 pullup/pulldown enabled
PBI[0:7]
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Table 4-6. HIPPER Field Descriptions (Continued)

Field Description
12 AMI chip enable / HCS12 low-byte strobe pullup/pulldown enable
CE#/LSTRB | 0 pullup/pulldown disabled
1 pullup/pulldown enabled
13 AMI write enable / HCS12 read/write select pullup/pulldown enable
WE#/RW_C | 0 pullup/pulldown disabled
C# 1 pullup/pulldown enabled
4.3.1.6 Host Interface Pins Pullup/pulldown Control Register (HIPPCR)
Address in MFR4300 = 0xO0FA Write: Any Time
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl O 0 D[0:1
w WE#/ 5)/ | A6/ | A5/ | A4/ | A3/ | A2/ | A1/
RW_ CS;'E:AE': PA[O: Ac1;§/2A AééqA ,o?gg(/) B1S(|)E]:;[ A[;]O' XADD | XADD | XADD | XADD | XADD | XADD
CC# 71/PB[ ’ R14 | R15 | R16 | R17 | R18 | R19
0:7]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-6. Host Interface Pins Pullup/pulldown Control Register (HIPPCR)

This register enables/disables the wod/pulldowns of the host interface pins.

Table 4-7. HIPPCR Field Descriptions

Field Description
0 AMI address bit 1 / HCS12 expanded address bit 19 pullup/pulldown control
A1/ 0 pulldown
XADDR19 |1 pullup
A2/ AMI address bit 2 / HCS12 expanded address bit 18 pullup/pulldown control
XADDR18 |0 pulldown
1 pullup
2 AMI address bit 3/ HCS12 expanded address bit 17 pullup/pulldown control
A3/ 0 pulldown
XADDR17 |1 pullup
A4/ AMI address bit 4 / HCS12 expanded address bit 16 pullup/pulldown control
XADDR16 |0 pulldown
1 pullup
4 AMI address bit 5/ HCS12 expanded address bit 15 pullup/pulldown control
A5/ 0 pulldown
XADDR15 |1 pullup
5 AMI address bit 6 / HCS12 expanded address bit 14 pullup/pulldown control
A6/ 0 pulldown
XADDR14 |1 pullup
6 AMI address bits 7 through 10 pullup/pulldown control
A[10:7] 0 pulldown
1 pullup
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Table 4-7. HIPPCR Field Descriptions (Continued)

Field Description
7 AMI byte select pullup/pulldown control
BSEL[1:0]# |0 pulldown
1 pullup
8 AMI output enable / HCS12 address select bit 0 pullup/pulldown control
OE#/ACSO0 |0 pulldown
1 pullup
9 AMI address bit 11 / HCS12 address select bit 1 pullup/pulldown control
A11/ACS1 |0 pulldown
1 pullup
10 AMI address bit 12 / HCS12 address select bit 2 pullup/pulldown control
A12/ACS2 |0 pulldown
1 pullup
11 Host interface input data pullup/pulldown control
D[0:15)/ 0 pulldown
PA[0:7]/PB[0: | 1 pullup
7]
12 AMI chip enable / HCS12 low-byte strobe pullup/pulldown control
CE#/LSTRB | 0 pulldown
1 pullup
13 AMI write enable / HCS12 read/write select pullup/pulldown control
WE#/RW_C |0 pulldown
C# 1 pullup
4.3.1.7 Physical Layer Pins Pullup/pulldown Enable Register (PLPPER)
Address in MFR4300 = 0x00FC Write: Any Time
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R O 0 0 0 0 0 0 0 0 0 0 0 0 0 RXD_|RXD_
w BG2 | BG1
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-7. Physical Layer Pins Pullup/pulldown Enable Register (PLPPER)

This register enables/disables the pullups/pulldowns of the FlexRay physical layer pins.

Table 4-8. PLPPER Field Descriptions

Field Description
0 Receive data (channel A) pullup/pulldown enable
RXD_BG1 |0 pullup/pulldown disabled
1 pullup/pulldown enabled
RXD_BG2 |Receive data (channel B) pullup/pulldown enable
0 pullup/pulldown disabled
1 pullup/pulldown enabled
MFR4300 Data Sheet, Rev. 3
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4.3.1.8 Physical Layer Pins Pullup/pulldown Control Register (PLPPCR)
Address in MFR4300 = OxO0FE Write: Any Time
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R O 0 0 0 0 0 0 0 0 0 0 0 0 0 RXD_ |RXD_
w BG2 | BG1
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-8. Physical Layer Pins Pullup/pulldown Control Register (PLPPCR)

This register enables/disables the wod/pulldowns of the host interface pins.
Table 4-9. PLPPCR Field Descriptions

Field Description
0 Receive data (channel A) pullup/pulldown control
RXD_BG1 |0 pulldown
1 pullup
RXD_BG2 |Receive data (channel B) pullup/pulldown control
0 pulldown
1 pullup
4.4 Functional Description

The Port Integration Module pralés the capability to configurd &linctional 1/0 pins regarding:
e output drive with two selectable drive strengths
e Pullup or pulldown
* Pin multiplexing and pin configuration constraints for reset mode

4.4.1

In functional mode, the Pomtegration Module controlthe functional interface:
* Host Interface
* Physical Layer Interface
* Clock Interface

Functional Mode

The module provides pullup/pulldovamd drive strength control througbnfiguration registers via the
IPBus interface. The actual control registers are describ@eation 4.3, “PIM Memory Map and
Registers

44.2 Reset Mode

SeeSection 4.2.2, “Reset Motland Chapter 6, “Clocks and Reset Generator (CR@)reset mode
details.
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Chapter 5
Dual Output Voltage Regulator (VREG3V3V2)

5.1 Introduction

The VREG3V3V2 is a dual outpubltage regulator providing tweeparate 2.5 V (typical) supplies
differing in the amount of currentahcan be sourced. The regulatguut voltage ranges from 3.3 V up
to 5V (typical).

5.1.1 Features

The block VREG3V3V2 includethese distinctive features:
» Two parallel, linear voltage regulators
— Bandgap reference
* Power-on reset (POR)
* Low-voltage reset (LVR)

5.1.2 Modes of Operation

VREG3V3V2 can operate in two modes on MFR4300:
*  Full-performance mode (FPM)

The regulator is active, providirtge nominal supply voltage of 2\6with full current sourcing
capability at both outputs. Feaés LVR (low-voltage resegnd POR (power-on reset) are
available.

e  Shutdown mode
Controlled by \hpg.

This mode is characterized hyinimum power consumption. Thegulator outputs are in a high
impedance state; only the POR feature is available, and LVR is disabled.

This mode must be used tsdble the chip inteat regulator VREG3V3V2, i.e., to bypass the
VREG3V3V2 to use external supplies.

5.1.3 Block Diagram

Figure 5-1shows the function principle MREG3V3V2 by means & block diagramThe regulator core
REG consists of two parallel sutlocks, REG1 and REG2, providibgo independent output voltages.
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Vppr X

Vssr X

Vppa X

Vesa X

\i

CTRL

X v
REG2 DDOSC
D Vssosc
10
1]
o
< Vpp
REG1
A
» |VR —— LVR POR —> POR
D Vss

REG: Regulator Core
CTRL: Regulator Control
LVR: Low Voltage Reset

POR: Power-on Reset

X PIN

Figure 5-1. VREG3V3 Block Diagram
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Dual Output Voltage Regulator (VREG3V3V2)

5.2  External Signal Description

Due to the nature of VREG3V3V2 being a voltaggulator providing the chimternal power supply
voltages most signals are powapply signals connected to pads.

Table 5-1shows all signals of VREG3X2 associated with pins.
Table 5-1. VREG3V3V2 — Signal Properties

Name Port Function Reset State Pullup
VbDR — VREG3V3V2 power input (positive supply) — —
Vssr — VREG3V3V2 power input (ground) — —
Vbpa — VREG3V3V2 quiet input (positive supply) — —
Vssa — VREG3V3V2 quiet input (ground) — —
Vpop — VREG3V3V2 primary output (positive supply) — —
Vss — VREG3V3V2 primary output (ground) — —
Vbposc — VREG3V3V2 secondary output (positive supply) — —
Vssosc — VREG3V3V2 secondary output (ground) — —

NOTE

Check device overview chapter for connectivity of the signals.

5.2.1 Vppr: Vssgr — Regulator Power Input

Signal \ppR is the power input of VREG3V3V2. All curremsourced into the regulator loads flow
through this pin. A chip exteahdecoupling capacitor (100 n220 nF, X7R ceramic) betweerpMr and
V ggrcan smoothen ripple onpyg.

For entering shutdown mode, pigMg must be tied to ground. In that casgp¥V ggand
VpposdVssoscmust be provided externally.

5.2.2  Vppa, Vssa — Regulator Reference Supply

Signals \bpa/Vssa Which are supposed to be relatively qaiet used to supply the analog parts of the
regulator. Internal precisn reference circuits are supplied from these signals. A chip external decoupling
capacitor (100 nE220 nF, X7R ceramic) betweemp, and Vsgacan further improve the quality of this

supply.
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5.2.3 Vpps Vss — Regulator Output1 (Core Logic)

Signals \pp/Vggare the primary outputs of VREG3V3V2 timbvide the power supply for the core
logic. These signals are connectedevice pins to allow external decoupling capacitors (10®aP nF,
X7R ceramic).

In shutdown mode an external supply gip¥V sgcan replace theoltage regulator.

5.2.4 VDDOSC’ VSSOSC — Regulator Output2 (OSC)

Signals \bposdVssoscare the secondary outputs of VREG3V3V2 that provide the power supply for the
oscillator. These signals are conmetto device pins to allow exteirdecoupling capacitors (100.nE20
nF, X7R ceramic).

In shutdown mode an external supply &p¥sdVssosccan replace the voltage regulator.

5.3  Functional Description

Block VREG3V3V2 is a voltageegulator as depicted Figure 5-1 The regulator furtional elements are
the regulator core (REG), a powamn reset module (POR) and a low+agje reset module (LVR). There
is also the regulator control block (CTRujich manages the operating modes of VREG3V3V2.

5.3.1 REG — Regulator Core

VREG3V3V2, respectively iteegulator core has two paralleidependent regulation loops (REG1 and
REG2) that differ only in the amouat current that can be sourcedite connected loads. Therefore, only
REG1 providing the supply atp$/Vsgis explained. The principle is also valid for REG2.

The regulator is a linear series regulator witteadgap reference in itslfyperformance mode and a
voltage clamp in reduced-power modd!.|8ad currents flow from input Mpr to Vgg0r Vggogg the
reference circuits are connected tgpK and Vsga

5.3.2 Full-performance Mode

In full-performance mode, a ftion of the output voltage @6) and the bandgap reference voltage are
fed to an operational amplifier. Teenplified input voltage d@lierence controls the gate of an output driver.

5.3.3 POR — Power On Reset

This functional block monitors outputpy. If Vpp is below \borp Signal POR is high; if it exceeds
Vporp the signal goes low. The transition to ltarces the CPU into the power-on sequence.

Due to its role during chip powep, this module must be activeat operating modes of VREG3V3V2.
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5.3.4 LVR — Low Voltage Reset

Block LVR monitors therimary output voltage Mp. If it drops below the assertion level (M) signal
LVR asserts and when risiapove the deassertion level ()zp) signal LVR deasserts again. The LVR
function is available only ifull-performance mode.

5.3.5 CTRL — Regulator Control

This part contains digital functionalityeeded to control the operating modes.

5.4 Resets

This subsection describes hMREG3V3V2 controls the et of the CC. The resedlues of registers and
signals are provided iBection 3.3, “Memory Map and Register DescriptidPdssible reset sources are
listed inTable 5-2

Table 5-2. VREG3V3V2 — Reset Sources

Reset Source Local Enable
Power-on reset Always active
Low-voltage reset Always active

5.4.1 Power On Reset

During chip power-up the digital core may not work if its supply voltagg ¥ below the POR
deassertion level (pMprp. Therefore, signal POR, which forces tiker blocks of the device into reset,
is kept high until \bp exceeds ¥orp Then POR becomes low and the reset generator of the device
continues the start-up sequence.

5.4.2 Low Voltage Reset

For information on low-voltage reset section 5.3.4, “LVR — Low Voltage Reset”
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Chapter 6
Clocks and Reset Generator (CRG)

6.1 Introduction

6.1.1 Overview

This document describes the CRG operation in fanatimode and only those aspects of it which are
useful users. Additional topics agstem clock generation or functiditiawhile the CRG is in another
operational modes are out otthcope of this documentation.

6.1.2 Features

The CRG includes the following main features:
» System reset generation from pean and external reset events
» System reset generation friony voltage reset event
» Controllable system reset generation under low quality clock situations (clock monitor)
»  System reset indication
* Host interface selection
» Control signals selection ©LKOUT clock output
» System clocks generation
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6.2

MFR4300 Relevant Pins for the CRG

Table 6-1describes the MFR4300 pirslevant for the CRG block.
Table 6-1. MFR4300 Relevant Pins for the CRG

Pin Name' In/Out |Pin type?3 Functional Description
TXD_BG[1:2)/IF_SEL[1:0] I/0 DC/PD |PHY Data transmitter output / Host interface select
CHICLK_CC | - External CHI clock input — selectable
CLKOUT/TMO /10 DC Controller clock output—selectable between disabled, 4/10/40 MHz/ Test
mode selection for production testing only
RESET# I - Hardware reset input
INT_CC# o OD/DC | Controller interrupt output
TEST I PD Factory Test mode select— should be tied to logic low in application
DBG[3:2])/CLK_S[1:0] I/0 DC/PD | Debug strobe point / Output clock select
EXTAL/CLK_CC | - Crystal driver / External clock pin
XTAL I - Crystal driver pin

1 # — signal is active-low
2 Acronyms:

PC — (Pullup/pulldown Controlled) Register controlled internal weak pullup/pulldown for a pin in the input mode
PD — (Pulldown) Internal weak pulldown for a pin in the input mode
DC — (Drive strength Controlled) Register controlled drive strength for a pin in the output mode

Z — Tristated pin

6.3

6.3.1

Address in MFR4300 = 0x00EOQ

CRG Registers

Reset state: All pins with the PC option — pullup/pulldown is disabled,
all pins with the DC option — have full drive strength

Detection Enable Register (DER)

Write: Any Time

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0
CMIE
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-1. Detection Enable Register (DER)
Table 6-2. DER Field Descriptions
Field Description
0 Clock Monitor Mechanism Enable
CMIE 0 Range filter disabled
1 Range filter enabled
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NOTE
After reset, the clock motir mechanism is disabled.

6.3.2 Clock and Reset Status Register (CRSR)

Address in MFR4300 = 0x00E2 Write: Any Time
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl 0 0 0 0 0 Cbcv ECS 0 0 0 0

| ERIF | PRIF | CMIF | LVIF

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-2. Clock and Reset Status Register (CRSR)

Table 6-3. CRSR Field Descriptions

Field Description

0 Low Voltage Reset Interrupt Flag — set when a low-voltage reset has occurred.
LVIF Cleared when writing a 1. Writing 0 has no effect.

1 Clock Monitor Reset Interrupt Flag — set when a clock-monitor reset has occurred.

CMIF Cleared when writing a 1. Writing 0 has no effect.
Note: If LVIF bit or PRIF bit is set to 1 then the CMIF bit value is 0.

2 Power-on Reset Interrupt Flag — set when a power-on reset has occurred.
PRIF Cleared when writing a 1. Writing 0 has no effect.

3 External Reset Interrupt Flag — set when a external reset has occurred.
ERIF Cleared when writing a 1. Writing 0 has no effect.
Note: If LVIF bit or PRIF bit is set to 1 then the ERIF bit value is “0%.

8 CHI and host interface Clock Source
ECS 0 CHI and host interface are clocked by EXTAL/CLK_CC
1 CHI and host interface are clocked by CHICLK_CC

10-9 CLKOUT Division Control Value — contains sampled value of CLK_S[1:0]. The CRG writes this value after a
CcbhCvV power-on, low-voltage or clock monitor reset, according to the values sampled on the CLK_S[1:0] pins.
See Table 2-5 for coding.

NOTE
On a power-on or low-volte reset, CMIF and PRHE#te both cleared to “0“.

6.4 Functional Description

6.4.1 Reset Generation

The CRG will provide a system reset in any & tbllowing events: power-on, low-voltage or clock

monitor failure detected, Volevel detected at tiRESET#pin. Entry into reset is asynchronous and does
not require a clock. However, the MFR4300 cannot sequence out of reset in Functional Mode without a
system clockTable 6-4depicts reset sources priorities.

The CRG scans, during different periods depending on the origin of the reset source, the interface type, the
AMI clock source and th€ELKOUT mode selection pingE_SEL[1:0] andCLK_S[1:0].
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Table 6-4. CRG Reset Sources Priorities

Reset Source Block to Reset Priority
Power-on Reset Whole device
Low voltage or Clock Monitor Failure (if enabled) Reset| Whole device High
External Reset Whole device Low
NOTE

Once the CRG had started a reset ptace it will not abandon it unless a
reset event with more priority wastdeted. The reset pcedure which has
the same priority, as currently runnioige, stops the prewis procedure and
gets executed.

6.4.1.1 Power-on Reset

When the power-on reset signal is asserted the CRGsagsesystem reset signdihe CRG will deassert
synchronously the system reset signal approximately 1I6Xd®\L/CLK_CCclock periods after the
deassertion of the power-on reset signal.

The CRG asserts thRT _CC#interrupt line and the pow®n reset interrupt flag, CRIRRIF, on the
rising edge of the power-on reset signal.

NOTE

The CRG deasserts theT_CC# signal when CRSR.PRIF, CRSR.LVIF,
CRSR.CMIF and CRSR.ERIF bits are “0“.

Figure 6-3illustrates the power-on reset situation.
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VDD |
I
power-on reset /—‘
|
| |
CRSR.PRIF |
| | ~16420 EXTAL/CLK_CC periods !
- >
B |
system reset R\
|
INT_CC#

Figure 6-3. CRG Power On Reset

6.4.1.2 Low Voltage and Clock Monitor Reset

When the low voltage reset or cloglonitor failure signal is assertéte CRG asserts the system reset
signal. The CRG will deassert synchronoubly system resetggial approximately 16420
EXTAL/CLK_CCclock periods after the desertion of the low voltage reset or clock monitor failure
signal.

The CRG asserts thRT_CC#interrupt line and the low volge reset interrupt flag, CRSR.LV/IBn the
rising edge of the low voltageget signal. The CRG asserts tNg_CC#interrupt line and the clock
monitor failure interrupt flagCRSR.CMIFon the rising edge of the clock monitor failure signal.
NOTE
The CRG deasserts theT_CC# signal when CRSR.PRIF, CRSR.LVIF,
CRSR.CMIF and CRSR.ERIF bits are “0".

Figure 6-4andFigure 6-5show the operations performed by the@®hen a low voltage reset or a clock
monitor failure signal occur.
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low voltage reset /—‘
| |
|
CRSR.LVIF |
| ~16420 EXTAL/CLK_CC periods!
| -
| |
system reset \
I
INT_CC#
Figure 6-4. Low Voltage Reset
clock monitor failure
(if enabled) yd W

|

|
CRSR.CMIF |

|~

16420 EXTAL/CLK_CC periods !
|
I |

system reset 4

INT_CC#

Figure 6-5. Clock Monitor Failure Reset

6.4.1.3 External Reset

When theRESET#signal is asserted the CRG asserts theesyseset signal. The CRG will deassert the
system reset sighapproximately 7EXTAL/CLK _CCclock periods after thdeassertion of tHRESET#

The CRG asserts thRT_CC#interrupt line and the external reset interrupt flaBSR.ERIFon the
assertion of th&@ESET#signal.

NOTE

The CRG deasserts theT_CC# signal when CRSR.PRIF, CRSR.LVIF,
CRSR.CMIF and CRSR.ERIF bits are “0".

Figure 6-6illustrates an external reset scheme.

MFR4300 Data Sheet, Rev. 3

226 Freescale Semiconductor



Clocks and Reset Generator (CRG)

RESET# ————,
J
I |
|
CRSR.ERIF | .
~70 EXTAL/CLK_CC periods
| -~
| |
system reset N
I
INT_CC#

Figure 6-6. External Reset

6.4.2 Interface Selection

The interface mode selém is done when th€XD_BGJ[1:2]/IF_SEL[1:0]pins are in théF_SEL[1:0]
mode. In théeT XD_BG[1:2] modes the pads are outptrtsm the MFR4300 device.

NOTE

The PIM block selects the TXD_BGH/IF_SEL[1:0] pads modes based
on the system reset signal.

6.4.2.1 Interface and AMI Clock Selection

The interface selection is madpon the levels on the bus sigifal SEL[1:0] while a power-on, low
voltage, clock monitor oexternal reset process is ongoing. The CRG latchdb ti$EL[1:0] during the
latching windowas presented drigure 6-7andFigure 6-8

power-on reset or
low voltage reset or
clock monitor failure

|. .I
| |

—

IF_SEL[1:0]

H Latching window
|
|
|
|
|

~16380 EXTAL/CLK_CC periods
- >

~16410 EXTAL/CLK_CC periods

-t i

Figure 6-7. Interface Selection during Power-on or Low Voltage Reset or Clock Monitor Failure
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Latching window
—p

RESET#

i i

| |

| I |

IF_SEL[0:1] | >< | |
| | |

| .30 EXTAL/CLK_CC periods | |

- > |

~60 EXTAL/CLK_CC periods |

- i

Figure 6-8. Interface Selection during External Reset

Next table shows the interface selentencoding provided by the CRSR.ECS bit:
Table 6-5. IF_SEL[1:0] Encoding by CRSR.ECS

CRSR.ECS

IF_SELA1

IF_SELO

1

0

0

0

1

0

1

1

1

If, after the evaluation, th&_SEL[1:0] are both high, the CRG sets to 1 the CHEFS bit; otherwise the
CRG resets that bit.

6.4.3 CLKOUT Mode Selection and Control

TheCLKOUTmode selection is done when BG|[3:2]/CLK _S[1:0] pins are in th€LK_S[1:0] mode.
In theDBG[3:2] modes the pads are outputs from the MFR4300 device.

NOTE
The PIM block selects the DBG[3:2Jl& S[1:0] pads modes based on the
system reset signal.

The CLKOUT mode selection is madgon the levels of theLK_S[1:0] signals in the latching window
while a power-on, low voltage, clock monitor or external reset procesg@ng. The CRG latches the
CLK_SJ[1:0]signal values during the latching window as presentdéigure 6-9 Figure 6-10and

Figure 6-11 The latched values are indicated in @RSR.CDCVield.
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low voltage reset or
clock monitor failure

CLK_S[1:0]

CLKOUT

system reset

Clocks and Reset Generator (CRG)

|‘ .I

H Latching window

|

16380 EXTAL/CLK_CC periods
|

|

|

| N
|

|

|

L

~16410 EXTAL/CLK_CC periods

1§

~16420 EXTAL/CLK_CC periods

=== F--5-

B B

Figure 6-9. CLKOUT Mode Selection and Control during Low-voltage Reset or Clock Monitor Failure
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Latching window
-

RESET# |
|

CLK_S[1:0]

) —

:;30 EXTAL/CLK_CC periods

>

|

|
|

| _60 EXTAL/CLK_CC periods »|
|

I

- -

|
| | |
: | ~70 EXTAL/CLK_CC periods I

| I
|

system reset 7

Figure 6-10. CLKOUT Mode Selection and Control during External Reset
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~16420 EXTAL/CLK_CC periods

B B

Latching window
power-on reset H g > |
| |
| ' '
| | |
|
CLK_S[1:0] | >< |
! | AN
| |-16380 EXTAL/CLK_CC periods! |
| - |
, |
B ~16410 EXTAL/CLK_CC periods
|~ -
| |
CLKOUT |
|
| I
| |
| |
I
| |
|

system reset

Figure 6-11. CLKOUT Mode Selection and Control during Power-on Reset
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Chapter 7
Oscillator (FLEXRAY)

71 Introduction

The FLEXRAY module providesne oscillator concept:
* Arobust full swing Pierce oscillator with thesgibility to feed in an external square wave

711 Features

The Pierce oscillator provides the following features:
» Wide high frequency operation range
 No DC voltage applied across the crystal
e  Full rail-to-rail (2.5 V nomal) swing oscillation wh low EM susceptibility
* Fast start up

Common features:
e Clock monitor (CM)
*  Operation from thephosc2.5 V (nominal) supply rail

7.1.2 Modes of Operation

One mode of operation exists:

* Full swing Pierce oscillator matttat can also be used to feecamexternally generated square
wave suitable for high frequeypoperation and harsh environments

7.2  External Signal Description

This section lists and describeg thignals that connect off chip.

7.21 Vpposc and Vggosc — OSC Operating Voltage, OSC Ground

These pins provide the operating voltaggf¥sco and ground (¥sosg for the FLEXRAY circuitry.
This allows the supply voltage toetlirLEXRAY to be independently bypassed.

7.2.2 EXTAL and XTAL — Clock/Crystal Source Pins

These pins provide the interface &ther a crystal or a CMOS compadilzlock to control the internal
clock generator circuitry. EXTAIs the external dck input or the inpuib the crystal osidator amplifier.
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XTAL is the output of the crystal odlator amplifier. All internal sgtem clocks are derived from the
EXTAL input frequency.
NOTE

Freescale Semiconductor recommeand®valuation of the application
board and chosen resonator or cryisjathe resonator or crystal supplier

The Crystal circuit is changed from standard.

The Pierce circuit is not gad for overtone resonatoand crystals without
a careful component selection.

For more information, see the EXTAL pin description in Chapter 2.

MFR4300 Data Sheet, Rev. 3

234 Freescale Semiconductor



Oscillator (FLEXRAY)

7.3 Memory Map and Register Definition
The CRG contains the registerslaassociated bits for controlj and monitoring the FLEXRAY module.

7.4 Functional Description

The FLEXRAY block has two external pins, EXTAL and XTAL. The oscillator input pin, EXTAL, is
intended to be connected to eith@rgstal or an external clock sourdée XTAL pin is an output signal
that provides crystaircuit feedback.

A buffered EXTAL signal, OSCCLK, becomes the intdrreference clock. Tonprove noise immunity,
the oscillator is powered by the;Mogcand Vgsoscpower supply pins.

7.4.1 Clock Monitor (CM)

The clock monitor circuit is based an internal resistor-capacitor (R)e delay so that it can operate
without a clock. If no OSCCLkdges are detected withiims RC time delay, #hclock monitor indicates

a failure which asserts self clock mode or generates a system reset depending on the state of the SCME bit
If the clock monitor is disabled or the presence of clocks is ddtambefailure is indicated. The clock

monitor function is enabled/disableg the CME control bit, described @hapter 6, “Clocks and Reset
Generator (CRG)

7.5 Resets

FLEXRAY contains a clock motor, which can trigger a reset. The qohbits and statusits for the clock
monitor are described @hapter 6, “Clocks and Reset Generator (CRG)
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Appendix A
Electrical Characteristics

AA

General

NOTE

The electrical characteristics giventins appendix are preliminary and
must be used as a gaidnly. Values cannot be guaranteed by Freescale and
are subject to change without notice.

NOTE

The part is specified and tested over the 5V and 3.3 V ranges. For the
intermediate range, generally thedatical specifications for the 3.3V
range apply, but the part is not tesitegrroduction test in the intermediate
range.

This appendix provides the most accurate electrical information for the MFR4300 device available at the
time of publication.

This introduction is intended to give an overviewseveral common topics like power supply, current
injection etc.

A1

Parameter Classification

The electrical parameters shown in this supplement are guaranteed by various methods. The following
classifications are used and the parameters ggedsaccordingly in the column labeled ‘C’ in the
parameter tablesyhere appropriate.

P:
C:

Parameters that are guaranteed duyropguction testing on each individual device.

Parameters that are achieved by the design characterization by measuring a statistically relevant
sample size across process variations.

Parameters that are achieved by design claraation on a small sargsize from typical
devices under typical cortatins unless otherwise noted. All vakishown in the typical column
are within this category.

Parameters that are derived mainly from simulations.
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A.1.2 Power Supply
The MFR4300 uses several pinstgply power to the 1/0O pins, @ilator and the digital core.
The VDDA, VSSA pair supplies ¢hinternal voltage regulator.

The VDDX, VSSX, VDDR and/SSR pairs supply the 1/0 pins, VDD#Rpplies also thimternal voltage
regulator.

VDD2_5 and VSS2_5 are the supply pfosthe digital logic, VDDOSCVSSOSC supply the oscillator.

VDDA, VDDX, VDDR as well asVSSA, VSSX, VSSR are connected by anti-parallel diodes for ESD
protection.

NOTE

In the following context, VDD5 isised for either VDDA, VDDR and
VDDX; VSS5 is used for either &\, VSSR and VSSXinless otherwise
noted.

IDD5 denotes the sum of the curteflowing intothe VDDA, VDDX and
VDDR pins.

VDD is used for VDD2_5 and VDDQS VSS is used for VSS2_5 and
VSSOSC.

IDD is used for the current flowing into VDD2_5.

A.1.3 Pins

There are four groups of functional pins.

A.1.3.1 3.3V /O pins

Those I/0 pins have a nomiralel of 3.3V. This clss of pins is comprised afl 1/0 pins (all MFR4300
pins excluding EXTAL, XTAL and all power supply pins).The internal struabfiad! those pins is
identical, however some of the furmmality may be disabled. E.g.rfthe input-only pins the output
drivers are disabled permanently.

A.1.3.2 Oscillator

The pins EXTAL, XTAL dedicated to the oscillatbave a nominal 2.5V level. They are supplied by
VDDOSC.

A.1.3.3 VDDR

This pin is used to enable the on chip voltage regulator.
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A.1.4  Current Injection

Power supply must maintaregulation within operating \ps or Vpp range during instantaneous and
operating maximum current conditiotispositive injection current (\{ > Vpps) is greater tharps, the
injection current may flowut of VDD5 and could result in extexdpower supply goingut of regulation.
Ensure external Mps load will shunt current greater than nraxim injection current. This will be the
greatest risk when the CC is not consuming power; eng. #lystem clock is present, or if clock rate is
very low which would reduceverall power consumption.

A.1.5 Absolute Maximum Ratings

CAUTION

Long-term exposure to absolutexiraum ratings may affect device
reliability, and permanent damagey occur if operate exceeding the
rating. The device should be operated under recommended operating
condition.

Absolute maximum ratings are stgeratings only. A functional operati@inder or outside those maxima
is not guaranteed. Sg® beyond those limits may aftehe reliability or caws permanent damage of the
device.

This device contains circuitry protaay against damage duehagh static voltage or electrical fields;
however, it is advised that normal precautions kertdo avoid application of any voltages higher than
maximume-rated voltages to this highpedance circuit. Reliability ajperation is enhanced if unused
inputs are tied to an appropriadgic voltage level (e.g., eitherdésor Vpps).

Table A-1. Absolute Maximum Ratings

Num Rating Symbol Min Max Unit
1 I/0, Regulator and Analog Supply Voltage Vpps -0.3 6.5 \
2 Digital Logic Supply Voltage ' Vbp -0.3 3.0 \
3 | Oscillator Supply Voltage Vbposc -0.3 3.0 Vv
4 Voltage difference VDDX to VDDR and VDDA AvpDX -0.3 0.3 \'
5 Voltage difference VSSX to VSSR and VSSA Ayssx -0.3 0.3 \'
6 |Digital I/O Input Voltage? Vin -0.3 6.5 Vv
7 EXTAL, XTAL inputs Viv -0.3 3.0 \
8 Instantaneous Maximum Current ID -25 +25 mA

Single pin limit for all digital 1/O pins 3
9 Instantaneous Maximum Current IDL -25 +25 mA
Single pin limit for EXTAL, XTAL*
10 | Operating Temperature Range (packaged) Ta -40 +125 °C
11 Operating Temperature Range (junction) Ty —40 +150 °C
12 | Storage Temperature Range T -65 +155 °C
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absolute maximum ratings apply when the device is powered from an external source.

AC over or undershoots for £2V beyond the supply if limited to 20ns length are allowed.
All digital I/O pins are internally clamped to Vggx and Vppy, Vssr and Vppg or Vgsa and Vppa.

4 Those pins are internally clamped to Vgsosc and Vpposc-

A.1.6 ESD Protection and Latch-up Immunity

All ESD testing is in conformityvith CDF-AEC-Q100 Stress test difi@ation for Automotive Grade
Integrated Circuits. During th#evice qualification ESD stresses were performed for the Human Body

Model (HBM), the Machine ModeMM) and the Charge Device Model.

A device will be defined as a faile if after exposure to ESD pulgbg device no longer meets the device
specification. Complete DC parametric and functional testing isnmeeid per the applicable device
specification at room temperature followed by hatgerature, unless specifietherwise in the device

The device contains an internal voltage regulator to generate the logic and OSC supply out of the I/O supply. The

specification.
Table A-2. ESD and Latch-up Test Conditions
Model Description Symbol Value Unit
Human Body Series Resistance R1 1500 Q
Storage Capacitance C 100 pF
Number of Pulse per pin — —
positive 3
negative 3
Machine Series Resistance R1 0 Q
Storage Capacitance C 200 pF
Number of Pulse per pin — —
positive 3
negative 3
Latch-up Minimum input voltage limit — -2.5
Maximum input voltage limit — 7.5
Table A-3. ESD and Latch-up Protection Characteristics
Num | C Rating Symbol Min Max Unit
1 T | Human Body Model (HBM) Vusm 2000 — \
2 | T | Machine Model (MM) Vum 200 — \
3 | T | Charge Device Model (CDM) Veoum 500 — \
4 | T |Latch-up Current at Ty = 125°C I AT mA
positive +100 —
negative -100
5 | T |Latch-up Current at Ty = 27°C ILAT — mA
positive +200
negative —200
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A.1.7  Operating Conditions

Electrical Characteristics

This section describes the oparg conditions of the device. Urdg otherwise noted those conditions

apply to all the following data.

NOTE
Refer to the temperature rating of thevide (C, V, M) with regards to the

ambient temperatureyTand the junction temperaturg. For power
dissipation calculéons refer toSection A.1.8, “Power Dissipation and

Thermal Characteristits

Table A-4. Operating Conditions

Rating Symbol Min Typ Max Unit
Oscillator and Quartz frequency fosc — 40.000 40.000 MHz
Quartz overtone Fundamental Frequency
Quartz frequency stability at T fsT -1500 300 1500 ppm
Voltage difference VDDX to VDDR and VDDA Dyppx -0.1 0 0.1 \Y
Voltage difference VSSX to VSSR and VSSA Dyssx -0.1 0 0.1 \Y%
I/0, Regulator and Analog Supply Vbps 2.97 3.3 55 Vv
Digital Logic Supply Voltage' Vbb 2.25 25 2.75 v
Oscillator Supply Voltage' Vbposc 2.25 25 2.75 Vv
Operating Junction Temperature Range T, —40 — +140 °C
Operating Ambient Temperature Range? T, -40 +27 +125 °Cc

' The device contains an internal voltage regulator to generate the logic and OSC supply out of the 1/O supply.

2 Refer to Section A.1.8, “Power Dissipation and Thermal Characteristics” for more information about the relation between
ambient temperature T, and device junction temperature T .

A.1.8

Power Dissipation and Thermal Characteristics

Power dissipation and thermal charaistéss are closely related. The user must assure that the maximum
operating junction temperatuienot exceeded. The averagep-junction temperature gJin °C can be

obtained from:

T;=Ta+(Pp-0j,)

T;= Junction Temperature [°C]
Ta = Ambient Temperature [°C]

Pp = Total Chip Power Dissipation [W]

®;a = Package Thermal Resistance [°C/W]

The total power dissipatiatan be calculated from:
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Po = Pint+Pio Eqn.

Pint = Chip Internal Power Dissipation [W]

Two cases with internal voltage regulagmabled and disabledust be considered:
1. Internal Voltage Regulator disabled

Pint = oo Vb + lpposc’ Vobosct loba - Voba Eqn.

2
Po = ZRDSON' lio, Eqn.

Po is the sum of all output currents on 1/O ports associated with VDDX and VDDR.
For Ryson is valid:
VOL.

Rpson = T
oL

respectively

VDD5 _VOH

Rpson = ——— for outputs driven hig Eqn.

lon

2. Internal voltage regulator enabled

Pint = loor* Voor * lopa - Voba Eqn.

; for outputs driven lo Eqgn.

A-6

A-7

Ippr is the current shown ifable A-8and not the overall currefibwing into VDDR, which

additionally contains the current flowimgto the external loads with output high.

2
Po = ZRDSON' lio, Eqgn.
i

Po is the sum of all output currents on 1/O ports associated with VDDX and VDDR.
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Table A-5. Thermal Package Simulation Details

Num Rating Symbol Value Unit
1 | Junction to Ambient LQFP64, single sided PCB'-2, Natural Convection ROJA TBD o°C/W
2 |Junction to Ambient LQFP64, double sided PCB with 2 internal planes'3, Natural Royma TBD °c/w

Convection
3 | Junction to Ambient LQFP64 (@200 ft/min), single sided PCB'3 RoJMA TBD °cC/W
4 | Junction to Ambient LQFP64 (@200 ft/min), double sided PCB with 2 internal Rouma TBD °C/W
planes'?
5 | Junction to Board LQFP64* RoJs TBD °c/w
6 |Junction to Case LQFP64° Rouc TBD °c/w
7 | Junction to Package Top LQFP64°, Natural Convection Y1 TBD °c/w

Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site (board)

temperature, ambient temperature, air flow, power dissipation of other components on the board, and board thermal

resistance.

2 Per SEMI G38-87 and EIA/JEDEC Standard 51-2 with the single layer horizontal PC Board according to EIA/JEDEC Standard
51-3

3 Per EIA/JEDEC Standard 51-6 with the four layer horizontal PC Board (double-sided PCB with two internal planes) according

to EIA/JEDEC Standard 51-7

4 Thermal resistance between the die and the printed circuit board per EIA/JEDEC Standard 51-8. Board temperature is
measured on the top surface of the board near the package.

5 Thermal resistance between the die and the case top surface as measured by the cold plate method (MIL SPEC-883 Method
1012.1).

6 Thermal characterization parameter indicating the temperature difference between package top and the junction temperature
per EIA/JJEDEC Standard 51-2.

A.1.9 I/0 Characteristics

This section describes the charactiges of all 3.3V I/O pins. All paraeters are not always applicable,
e.g. not all pins featuneullup/pulldown resistances.

Table A-6. 5V I/O Characteristics (Vppg = 5V)

Conditions are shown in Figure A-4, unless otherwise noted.

Num C Rating Symbol Min Typ Max Unit
1 P Input High Voltage Vi 0.65"Vpps — — \Y
T Input High Voltage Vi — — Vpps+0.3 \Y
2 P | Input Low Voltage Vi — — 0.35"Vpps \Y
T Input Low Voltage Vi Vgg5—0.3 — — \Y
3 C |Input Hysteresis Vhys — 250 — mV
4 P High Impedance (Off-state) Leakage Current N -25 — +2.5 uA
ViN=Vpp Or Vgg, all input/output and output pins
5 P |Output High Voltage (pins in output mode) VoH Vpps—0.8 — — Vv
@50% Partial Drive Iy = —2mA
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Table A-6. 5V I/O Characteristics (Vpps = 5V) (Continued)

Conditions are shown in Figure A-4, unless otherwise noted.

Num C Rating Symbol Min Typ Max Unit
6 P |Output High Voltage (pins in output mode) VoH Vpps —0.8 — — Vv
@100% Full Drive Igy = —=10mA
7 P Output Low Voltage (pins in output mode) VoL — — 0.8 \"
@50% Partial Drive lg_ = +2mA
8 P Output Low Voltage (pins in output mode) VoL — — 0.8 \'%
@100% Full Drive Ig, = +10mA
9 P Internal Pullup Device Current, IpuL — — -130 uA
tested at V| Max
10 P Internal Pullup Device Current, lpun -10 — — uA
tested at V| Min.
11 P Internal Pulldown Device Current, lPDH — — 130 uA
tested at Vy Min.
12 P Internal Pulldown Device Current, IppL 10 — — uA
tested at V) Max
13 d Input Capacitance (input, input/output Cin — 7 — pF
pins)
14 T |Injection Current! mA
Single Pin Limit lics -2.5 — 25
Total Device Limit. Sum of all injected currents licp -25 — 25
15 P Load Capacitance C_ — — pF
50% Partial Drive 25
100% Full Drive 50
1 Refer to Section A.1 .4, “Current Injection”, for more information.
Table A-7. 3.3V I/0O Characteristics (Vpps = 3.3V)
Conditions are Vppx=3.3V £10% Temperature from —40°C to +140°C, unless otherwise noted
Num C Rating Symbol Min Typ Max Unit
1 P | Input High Voltage Viy 0.65*Vpps — — \
T | Input High Voltage Viy — — Vpps+0.3 \
2 P | Input Low Voltage Vi — — 0.35*Vpps \
T |Input Low Voltage Vi Vgs5—0.3 — — \
3 C |Input Hysteresis Vuys — 250 — mV
4 P | High Impedance (Off-state) Leakage Current N -2.5 — +2.5 uA
Vin=Vpp or Vgg, all input/output and output pins
5 P | Output High Voltage (pins in output mode) Vo Vpps —0.4 — — \Y,

@50% Partial Drive lgy = —0.75mA

MFR4300 Data Sheet, Rev. 3

244

Freescale Semiconductor



Table A-7. 3.3V I/O Characteristics (Vpps = 3.3V) (Continued)

Conditions are Vppx=3.3V +10% Temperature from —40°C to +140°C, unless otherwise noted

Electrical Characteristics

Num | C Rating Symbol Min Typ Max Unit

6 P | Output High Voltage (pins in output mode) Vou Vpps —0.4 — — \%
@100% Full Drive gy = —4.5mA

7 P | Output Low Voltage (pins in output mode) VoL — — 0.4 \Y
@50% Partial Drive lg, = +0.9mA

8 P | Output Low Voltage (pins in output mode) VoL — — 0.4 \
@100% Full Drive I = +5.5mA

9 P |Internal Pullup Device Current, IpuL — — -60 UuA
tested at V| Max

10 P |Internal Pullup Device Current, lpun -6 — — uA
tested at V| Min.

11 P | Internal Pulldown Device Current, lPDH — — 60 uA
tested at Vy Min.

12 P | Internal Pulldown Device Current, lppL 6 — — UuA
tested at V) Max

13 D |Input Capacitance (input, input/output Cin — 7 — pF
pins)

14 T |Injection Current! mA
Single Pin Limit lics -2.5 — 2.5
Total Device Limit. Sum of all injected currents licp -25 — 25

15 P |Load Capacitance C_ — — pF
50% Partial Drive 25
100% Full Drive 50

Refer to Section A.1.4, “Current Injection” for more information.

A.1.10 Supply Currents

All measurements are done without output loads. Unless otherwise thetedyrents are measured with
internal voltage regulator enabladd a 40 MHz oscillator, in stand&Pterce mode. Production testing is
performed using a square wasignal at the EXTAL input.

Table A-8. Supply Current Characteristics

Conditions are shown in Table A-4 unless otherwise noted
Num | C Rating Symbol Min Typ Max Unit
1 P | Run supply currents —40°C Ipps — — TBD mA
Internal regulator enabled
25°C — — TBD
140°C — — TBD
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A.2 Voltage Regulator (VREG)

A.2.1

Operating Conditions

Table A-9. Voltage Regulator — Operating Conditions

Conditions are shown in Table A-4 unless otherwise noted
Num C Characteristic Symbol Min Typical Max Unit
1 P Input Voltages VvDDR,A 2.97 — 5.5 \
2 P Regulator Current IReG — TBD 40 pA
Shutdown Mode
3 P Output Voltage Core
Full Performance Mode Vbp 2.45 25 2.75 \%
Shutdown Mode — T — %
4 P Output Voltage OSC
Full Performance Mode Vbposc 2.35 25 2.75 \'%
Shutdown Mode — —2 — %
5 P |Low Voltage Reset3
Assert Level VivRA 2.25 — — \
6 C |Power-on Reset*
Assert Level VpoRA 0.97 — — \
Deassert Level VpoRD — — 2.07 \%
" High Impedance Output
2 High Impedance Output
8 Monitors Vb, always active
4

Monitors VDD, always active
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A.2.2 Chip Power-up and Voltage Drops

\oltage regulator sub modules P@#wer-on reset) and LVR (low itage reset) handle chip power-up
or drops of the supply voltage. Their function is describdedgare A-1

v A

VpPoRD

Figure A-1. Voltage Regulator — Chip Power-up and Voltage Drops (nhot scaled)

A.2.3 Output Loads

A.2.3.1

On-chip voltage regulator intendedgiapply the internal logic and oseilbr circuits allows no external
DC loads.

Resistive Loads

A.2.3.2

The capacitive loads are specifiedrigure A-1Q Ceramic capacitors with X¥dielectricum are required

Capacitive Loads

Table A-10. Voltage Regulator Recommended Capacitive Loads

Num Characteristic Symbol Min Typical Max Unit
1 VDD external capacitive load CpDext 200 440 12000 nF
3 VDDOSC external capacitive load Cpposcext 90 220 5000 nF
MFR4300 Data Sheet, Rev. 3
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A.3 Reset and Oscillator

This section summarizes the elezdticharacteristics of the variostartup scenarios for the Oscillator.

A.3.1 Startup

Table A-11summarizes several stigyp characteristics explained in teection. Detailed aeription of the
startup behavior can be found@mapter 6, “Clocks and Reset Generator (CRG)

Table A-11. Startup Characteristics

Conditions are shown in Table A-4 unless otherwise noted
Num | C Rating Symbol Min Typ Max Unit
1 T | POR deassert level VpoRD — — 2.07 Vv
2 T | POR assert level VpoRa 0.97 — — Vv
3 D | Reset input pulse width, minimum input time PWgsTL 2 — — tosc
A3.11 POR

The release levelpprp(seeTable A-9 and the assert levelphra (SeeTable A-9 are derived from the
Vpp Supply. They are also valid if the device isyeoed externally. After releasing the POR reset the
oscillator is started.

A3.1.2 LVR

The assert level \jra (se€Table A-9 is derived from the ¥p Supply. After releasig the LVR reset, the
oscillator is started..

A.3.1.3 External Reset

When external reset is asserted for a time greater thaizRWWhe CRG module generates an internal
reset, and the CC starts operationthdfre was an oscillation before reset.
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A.3.2 Oscillator

The device features an internal Reoscillator with a clock monitofA clock monitor failure is asserted
if the clock signal is below the Gtk Monitor Assert Frequencysfiea.
Table A-12. Oscillator Characteristics

Conditions are shown in Table A-4 unless otherwise noted

Num | C Rating Symbol Min Typ Max Unit
1 C | Crystal oscillator range (Pierce) fosc 0.5 — 40 MHz
2 | P |Startup Current iosc 100 — — pA
4 | P | Clock monitor assert frequency feMmAE 50 100 200 kHz
5 | P | External square wave input frequency fexT 0.5 — 50 MHz
6 | D | External square wave pulse width low texTL 9.5 — — ns
7 | D | External square wave pulse width high tEXTH 9.5 — — ns
8 | D | External square wave rise time texTR — — 1 ns
9 | D |External square wave fall time texTF — — 1 ns
10 | D | Input Capacitance (EXTAL, XTAL pins) Cin — 7 — pF
11 | C | DC Operating Bias in Pierce mode on EXTAL Pin VpcBias — TBD — \

Depending on the crystal a damping series resistor might be necessary

A.4  Asynchronous Memory Interface Timing

The CC AMI Interface read/write timing dieagn is shown in the following figures.

* Writing to the device is accomplished when Chip Enable (CE#) and Write Enable (WE#) inputs
are LOW (asserted).

* Reading from the device is acctistifed when Chip Enable (CEEdnd Output Enable (OE#) are
LOW (asserted) while the Write Enable (WE#) is HIGH (deasserted).

* The input/output pins D[15:0] area high-impedance state whee ttevice is not selected (CE#
is HIGH), the outputs amisabled (OE# HIGH) oduring a write operain (CE# LOW, and WE#
LOW).
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tre
t oe tHoE
- >
CE# ‘or OE# \
tsar tHAR
-
A[12:1] ADDRESS
tLzoE thzoe
D[15:0] DATA j,|
tweoE thoe toEwe

WE# d

Figure A-2. AMI Interface Read Timing Diagram1

CE# ‘or WE#

A[12:1]

BSEL[1:0]

D[15:0]

toewe

twe

tLwe

A

tsaw

ADD

tweoE

Figure A-3. AMI Interface Write Timing Diagram2

1. “CE# ‘or OE#” is a logical OR of the chip enable (CE#) and output enable (OE#) inputs.
2. “CE# ‘or WE#” is a logical OR of the chip enable (CE#) and write enable (WE#) inputs.
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Table A-13. AMI Interface AC Switching Characteristics Over the Operating Range’

Characteristic Symbol Min Max Unit
Read Cycle
Read Time Cycle trc 2.5 x tami_cLk + 32 ns
Address Setup Read tsar 5 ns
Address Hold Read tHAR 5 ns
OE# LOW to Data valid tboe 2.5 x tam_cLk + 23 ns
OE# LOW time ttoe | 2.5xtam cLk + 277 ns
OE# HIGH time tHoe 5 ns
OE# LOW to Low-Z t z0E 5 ns
OE# HIGH to High-Z thzoE 15 ns
WE# HIGH to OE# LOW twEoE 1 x tam_cLk ns
Write Cycle
Write Time Cycle twe 3 x tami_cLk + 10 ns
Address Setup Write tsaw 5 ns
Address Hold Write thaw 5 ns
Data Setup tsp 5 ns
Data Hold thp 5 ns
WE# LOW time twe 1.5 xtam oLk + B ns
WE# HIGH time thwe 0.5 x tam oLk + 5 ns
OE# HIGH to WE# LOW torwE 0 ns

described in Table 2-6.

tami_cLk is the period in ns of the CHI and host interface clock selected by IF_SEL[1:0] as

Depends on duty cycle of the CHI and host interface clock: t| og = (3.0 x tam_cLk) — tami_cLK_HIGH

+ 27, where tam_cLk_HigH is the period in ns of the high phase of the CHI and host interface clock.
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A.5

ECLK

PAD[15:0]

XADDRI[19:14]

R/W

ACS[2:0]

ECLK

PADI[15:0]

XADDRI[19:14]

R/W

ACS[2:0]

LSTRB

HCS12 Interface Timing

tLec tHec
g - | g
\ /
\ /
tHA
tHpa tsn || IDEC tspr | tHDR
L iy
ADDRESS DATA
torw tsrw tHRw
Figure A-4. HCS12 Interface Read Timing Diagram
tLec tHeC
- > -
N\
tHA
tsn | toDw
ADDRESS DATA%
g
tHpw
torw tsrw tHRw
toLs tsLs this

LOW STROBE

ﬂ

Figure A-5. HCS12 Interface Write Timing Diagram
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Table A-14. HCS12 Interface AC Switching Characteristics Over the Operating Range’

Electrical Characteristics

Characteristic Symbol Min Max Unit
Pulse width, ECLK Low t e 30 — ns
Pulse width, ECLK High thec 992 — ns
Address valid time to ECLK rise tsa 11 — ns
Write Data delay time toow — 70 ns
Write Data hold time tHow 80 ns
RW delay time tbrw — 7 ns
RW valid time to ECLK rise tsrw 14 — ns
RW hold time thrw 2 — ns
Data hold to address thpA 2 — ns
Multiplexed Address hold time tHA 2 — ns
ECLK high access time (ECLK high to Read Data valid) tbec 50 90 ns
Read Data setup time tspr 13 — ns
Read Data hold time tHDR 0 — ns
Low strobe delay time toLs — 7 ns
Low strobe valid to ECLK rise tsLs 14 — ns
Low strobe hold time ths 2 — ns

! Based on fg « cc = 40 MHz.

2 Depends on duty cycle of EXTAL/CLK_CC: tygc = 99 + (tocLk_cc % 0.5) —toLk_cc_HigH: Where to k_ccis

the period in ns of EXTAL/CLK_CC and tc k_cc_HigH is the period in ns of the high phase of

EXTAL/CLK_CC.
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Appendix B
Package Information

B.1 64-pin LQFP package

Package Information
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© FREESCALE SEMICONDUCTOR, INC. | MECHANICAL OUTLINE | PRINT VERSION NOT TO SCALE

TITLE: 64LD LQFP,

DOCUMENT NO: 98ASS23234W REV: E

10 X 10 X 1. 4 PKG,

CASE NUMBER: 840F-02 11 AUG 2006

0.5 PITCH, CASE OUTLINE

STANDARD: JEDEC MS-026 BCD

Figure B-1. 64-pin LQFP Mechanical Dimensions (Case N 840F-02) (Page 1)
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ALL RIGHTS RESERVED.

MECHANICAL OUTLINE

PRINT VERSION NOT TO SCALE

TITLE: 64LD LQFP,

10 X 10 X 1. 4 PKG,
0.5 PITCH, CASE OUTLINE

DOCUMENT NO: 98ASS23234W

CASE NUMBER: 840F-02

REV: E
11 AUG 2006

STANDARD: JEDEC MS-026 BCD

Figure B-2. 64-pin LQFP Mechanical Dimensions (Case N 840F-02) (Page 2)
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NOTES:

B e o -

>

B >

DIMENSIONS ARE IN MILLIMETERS.

DIMENSIONING AND TOLERANCING PER ASME Y14. 5M-1994

DATUMS A, B AND D TO BE DETERMINED AT DATUM PLANE H.

DIMENSIONS TO BE DETERMINED AT SEATING PLANE C.

THIS DIMENSION DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED THE UPPER LIMIT
BY MORE THAN 0. 08 mm AT MAXIMUM MATERIAL CONDITION. DAMBAR CANNOT BE
LOCATED ON THE LOWER RADIUS OR THE FOOT. MINIMUM SPACE BETWEEN
PROTRUSION AND ADJACENT LEAD SHALL NOT BE LESS THAN 0. 07 mm

THIS DIMENSION DOES NOT INCLUDE MOLD PROTRUSION. ALLOWABLE PROTRUSION
IS 0.25 mm PER SIDE. THIS DIMENSION IS MAXIMUM PLASTIC BODY SIZE
DIMENSION INCLUDING MOLD MISMATCH

EXACT SHAPE OF EACH CORNER IS OPTIONAL

THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN
0.1 mm AND 0.25 mm FROM THE LEAD TIP

© FREESCALE SEMICONDUCTOR, - INC. | MECHANICAL OUTLINE PRINT VERSION NOT TO SCALE
TITLE: 64LD LQFP, DOCUMENT NO: 98ASS23234W REV: E
10 X 10 X 1.4 PKG, CASE NUMBER: 840F—02 11 AUG 2006
0.5 PITCH, CASE OUTLINE STANDARD: JEDEC MS-026 BCD

Figure B-3. 64-pin LQFP Mechanical Dimensions (Case N 840F-02) (Page 3)
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Printed Circuit Board Layout Recommendations

Appendix C
Printed Circuit Board Layout Recommendations

The PCB must be laid out carefully to ensure proper operation of the voltage regulator and the CC. The
following rules must be observed:

* Every supply pair must be decoupled by a ceramic capacitor connected as near as possible to the
corresponding pins (Cd).

The central point of the groustdr should be the VSSR pin.

Low-ohmic low-inductance connectionswdld be used between VSSX and VSSR.

VSSOSC must be directly connected to VSSR.

Traces of VSSOSC, EXTAL and XTAL must be lkepshort as possible. Occupied board area for
C1, C2, C3 and Q should las small as possible.

Other signals or supply lines should notloged under the area occupied by C1, C2, C3, and Q
and the connection area of the CC.

The central power input shouldfee in at the VDDA/VSSA pins.

Figure C-1shows a recommended PCB lay(a#-pin LQFP) for standard &ice oscillator mode, while
Table C-1provides suggested values the external components.

Table C-1. Suggested External Component Values

Component Purpose Type Value
C1 OSC load cap ceramic X7R 2pF
c2 OSC load cap ceramic X7R 2pF
C3 VDDOSC filter cap ceramic X7R 100- 220nF
C4 VDDA filter cap ceramic X7R 100- 220nF
Cd VDDR, VDDX filter cap ceramic X7R/tantalum 100- 220nF
Cload VDD2_5 filter cap ceramic X7R 100- 220nF
Rg OSC resistance 1 MQ
Rg OSC resistance 0 Q (i.e. short-circuit)
Q Quartz NDK NX8045GA 40 MHz
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VDDA VSSA

HIININInInE

VDDX4

Suggested component values:

Q: NDK NX8045GA — 40MHz
C1=C2=2pF

Rb = 1MQ

Rs = 0Q (i.e. short circuit)

C3 = Cload = 220nF

Cd = 100nF

VDDOSC

VSSOSC

Figure C-1. Recommended PCB Layout (64-pin LQFP) for Standard Pierce Oscillator Mode
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Appendix D
Index of Registers

A
Associated function60

F
Features

distinctive 59, 205, 221
Functions

associated 60

|
Initialization/application informatio201, 203

M
Maximum
ratings (electrical) 240
message buffer
individual 134

R
Registers
ASIC Version Number Register (AVNR) 208
Channel A Status Error CowrntRegister (CASERCR) 87
Channel B Status Error CoentRegister (CBSERCR) 87
CHI Error Flag Register (CHIERFR) 84
Clock and Reset Status Register (CRSR) 223
Combined Interrupt Flag Register (CIFRR) 96
Cycle Counter Regter (CYCTR) 94
Detection Enable Register (DER) 222
Global Interrupt Flag and Eble Register (GIFER) 77
Host Interface Pins Drive Strength Register (HIPDSR) 208
Host Interface Pins Pullup/dow@ontrol Register (HIPPCR) 211
Host Interface Pins Pullup/down Enable Register (HIPPER) 209
Last Dynamic Transmit Slot Chael A Register (LDTXSLAR) 118
Last Dynamic Transmit Slot Chael B Register (LDTXSLBR) 119
Macrotick Counter Rgister (MTCTR) 94
Message Buffer Configurian, Control, Status Registers (MBCCSRn) 128
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Index of Registers

Message Buffer Cycle Counteliter Registers (MBCCFRnN) 130

Message Buffer Data & Register (MBDSR) 74

Message Buffer Frame ID Registers (MBFIDRnN) 131

Message Buffer Index Resters (MBIDXRn) 132

Message Buffer Interrupt Vemt Register (MBIVEC) 86
Message Buffer Segme8ize and Utilization Rgister (MBSSUTR) 74

Module ConfiguratiorRegister (MCR) 68
Module Version Register (MVR) 68

MTS A Configuration Register (MTSACFR) 111
MTS B Configuration Register (MTSBCFR) 111

Network Management Vectaength Register (NMVLR) 102
Network Management Vectétegisters (NMVRO-NMVR5) 101

Offset Correction ValuRegister (OFCORVR) 96
Part ID Registr (PIDR) 208

Physical Layer Pins Drive f&ngth Register (PLPDSR) 209
Physical Layer Pins Pullup/dow®ontrol Register (PLPPCR) 213
Physical Layer Pins Pullup/down Enable Register (PLPPER) 212

Protocol Configuration Register 0 (PCR 0) 121

Protocol Configuration Register 1 (PCR 1) 121

Protocol Configuration Register 10 (PCR10) 123
Protocol Configuration Register 11 (PCR11) 124
Protocol Configuration Register 12 (PCR12) 124
Protocol Configuration Register 13 (PCR13) 124
Protocol Configuration Register 14 (PCR14) 124
Protocol Configuration Register 15 (PCR15) 125
Protocol Configuration Register 16 (PCR16) 125
Protocol Configuration Register 17 (PCR17) 125
Protocol Configuration Register 18 (PCR18) 125
Protocol Configuration Register 19 (PCR19) 125
Protocol Configuration Register 2 (PCR2) 122

Protocol Configuration Register 20 (PCR20) 126
Protocol Configuration Register 21 (PCR21) 126
Protocol Configuration Register 22 (PCR22) 126
Protocol Configuration Register 23 (PCR23) 126
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