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Chapter 1
Introduction

This data sheet provides information on a system that includes the MFR4200 FlexRay Communication
Controller Module.

1.1

Audience

This data sheet is intended for application and system hardware developers who wish to develop products
for the FlexRay MFR4200. It is assumed that the reader understands FlexRay protocol functionality and
microcontroller system design.

1.2

Additional Reading

For additional reading that provides background to, or supplements, the information in this manual:

Appendix C, “MFR4200 Protocol Implementation Document”
For more information about the FlexRay protocol, refer to the following document:
— FlexRay Communications System Protocol Specification V1.1, FlexRay Consortium, 2004.

For more information about Philips Bus Guardian and Bus Driver devices, refer to the following
documents:

— FlexRay Electrical Physical Layer Specification, v1.5, FlexRay Consortium, 2004,

— FlexRay Bus Guardian Preliminary Functional Specification, v1.9, FlexRay Consortium, June
2004.

For more information about RS485 transceivers:

— About the MAX3078 transceiver (IDLE state coded as “17)
http://pdfserv.maxim-ic.com/en/ds/MAX3070E-MAX3079E.pdf

— About the MAX3485 transceiver (IDLE state coded as “0”)
http://pdfserv.maxim-ic.com/en/ds/MAX3483-MAX3491.pdf

For more information about the Power PC interface, refer to the Freescale products section at
www.freescale.com.

For more information about MOHCS12 Family devices and MOHCS 12 programming, refer to the
Freescale Products section at www.freescale.com.
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1.3 Terminology

Table 1-1. Acronyms and Abbreviations

Term Meaning
AMI Asynchronous memory interface
BG Bus guardian
CC Communication controller (an alternative term for the MFR4200)
ceil Function ceil(x) returns the nearest integer greater than or equal to x
Cycle length in uT | The actual length of a cycle in pT for the ideal controller (+ 0 ppm)
EBI External bus interface
FSS Frame start sequence
Host The FlexRay CC host MCU
LSB Less/least significant bit
MCU Microcontroller
MSB More/most significant bit
MT Macrotick
uT Microtick
NIT Network idle time
PHY Physical interface
PS FlexRay Communications System Protocol Specification
PWD Protocol working document
RX Reception
TCU Time control unit
TX Transmission
TDMA Time division multiplex access

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 negated 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 negated 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.

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

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.
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Part Number Coding

Table 1-2. Notational Conventions (continued)

OxOF The prefix “0x” denotes a hexadecimal nhumber.
0b0011 The prefix “0x” 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 4200 M PB 40
Speed Option 40 = 40 MHz
Package Option PB = 64-pin LQFP

AE = 64-pin Lead Free / Halide Free LQFP

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

Controller Family

ik

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 FlexRay Communication Controller MFR4200 implements the FlexRay protocol in accordance with
Appendix C, “MFR4200 Protocol Implementation Document”. This appendix refers to FlexRay
Communications System Protocol Specification V1.1 for most protocol mechanisms, and complements
the protocol specification where necessary.

The controller host interface (CHI) of the FlexRay Communication Controller MFR4200 is implemented
in accordance with Chapter 3, “MFR4200 FlexRay Communication Controller”.

2.1.1 Features

The following list of features is not comprehensive, but is a selection of the most important features.
Detailed descriptions of the protocol and the CHI features are provided in the following.

e Chapter 3, “MFR4200 FlexRay Communication Controller”
* Appendix C, “MFR4200 Protocol Implementation Document”

The most important features are:
* Bitrate up to a maximum of 10 Mbit/sec on each of two channels.
* 59 message buffers, each with a payload of up to 32 bytes of data.

* FlexRay frames with up to 254 payload data bytes. Padding is used for FlexRay payload data that
exceeds the 32-byte data size boundary.

* One configurable receive FIFO.

* Each message buffer configurable as a receive message buffer, or as a transmit message buffer
(single or double), or as part of the receive FIFO.

* Two receive shadow message buffers available to each channel.
* Message buffer configurable with state or event semantics.

* Flexible error signaling mechanism providing eight configurable counters, slot status indicators
and interrupts.

* Internal measured time difference values used for clock synchronization can be read via the CHI.

* The status of up to four slots can be observed independently of the communication controller
receive buffers.

* The host accesses all message buffers by means of three active message buffers (active transmit
message buffer, active message receive buffer, and active receive FIFO buffer) in the CHI.

* Configurable message filtering based on frame ID, cycle counter, and channel, for transmit and
receive message buffers.

* Configurable message filtering based on frame ID, channel, and message ID, for the receive FIFO.
e Duration of the communication cycle configurable in microticks.
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2.1.2 Implementation Details and Constraints

* The MFR4200 provides two hardware selectable host interfaces:

— HCS12 interface, for direct connection to Freescale’s HCS12 family of microcontrollers.
The HCS12 interface clock signal used to synchronize data transfer can run at a maximum rate
of 8 MHz.

— Asynchronous memory interface (AMI), for asynchronous connection to microcontrollers.
* Internal 40 MHz quartz oscillator.
* Internal voltage regulator for the digital logic and the oscillator.
* Hardware selectable clock output to drive external host devices: Disabled/4/10/40 MHz.
* Maskable interrupt sources available over one interrupt output line.

* Glueless electrical physical layer interface compatible with dedicated FlexRay physical layer.
Industry standard RS485 physical layer device can be used with additional glue logic.

* Two pins have multiplexed strobe functions.

NOTE

Refer to Chapter 3, “MFR4200 FlexRay Communication Controller” for
more implementation details and constraints.

2.1.3 Modes of Operation

NOTE

This section depicts only the MFR4200 device modes, not the FlexRay
protocol operating modes of the MFR4200 FlexRay module. Refer to
Chapter 3, “MFR4200 FlexRay Communication Controller for more
information on the FlexRay module operating modes.

Only one user mode is available on the MFR4200 — normal operating mode.

In normal operating mode, the selections described below are possible.

2.1.3.1 Interface Selection

The external interface is selected by means of the IF_SEL[0:1] pins, as shown in Table 2-1.

Table 2-1. Interface Selection

Pin
Interface
IF_SELO IF_SEL1

0 0 Reserved

0 1 HCS12 synchronous interface

1 0 Asynchronous Memory Interface
1 1 Reserved

MFR4200 Data Sheet, Rev. 0
26 Freescale Semiconductor

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6438770/MFR4200MAE40.html

NOTE

As the IF_SEL[0:1] signals share pins with physical layer interface signals,
the interface type must be selected using either pullup or pulldown resistors.

IF_SEL[0:1] signals are inputs during the internal reset sequence and are
latched by the internal reset signal level. Refer to Chapter 5, “Clocks and

Reset Generator” for more information.

2.1.3.2 Clockout Selection

Introduction

The CLK_S[0:1] pins select the CLKOUT pin output clock frequency or disable the output clock.
Table 2-2. Clockout 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 CLK_S[0:1] signals share pins with physical layer interface signals, the
CLKOUT function must be selected using either pullup or pulldown

resistors.

CLK_S[0:1] signals are inputs during the internal reset sequence and are
latched by the internal reset signal level. Refer to Chapter 5, “Clocks and

Reset Generator for more information.

2.1.3.3 Bus Driver Type Selection

The SCM[0:1] bits of the MCRO register (see Chapter 3, “MFR4200 FlexRay Communication Controller)

select the bus driver type.

Table 2-3. Bus Driver Type Selection

Driver Type SCM1 SCMo
RS485 (IDLE state coded as ’0)’ 0 0
Optical/Electrical PHY 0 1
Reserved 1 0

RS485 (IDLE state coded as '1’)’

1

1

1 Refer to Section 1.2, “Additional Reading” for more information on RS485.
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Device Overview
NOTE
It is not possible to mix in a cluster or per channel:

*  Different RS485;
*  RS485 and Optical/Electrical PHY.

2.1.3.4 Internal VREG Enable/Disable Selection
Table 2-4. Voltage Regulator VDDR Connection

VDDR Description
Supplied with VDD51 Internal Voltage Regulator enabled
Tied to ground Internal Voltage Regulator disabled

! Refer to Section A.1.7, “Operating Conditions” for the Vpps

2.1.4 Block Diagram
Figure 2-1 shows a block diagram of the MFR4200 device.
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VDDR ——»

VSSR —»
VDD2_5 «——
VSS2_ 5 €——

Voltage Regulator

l«—— VDDA
[€¢—— VSSA

RESET# —»

XTAL —
EXTAL/CC_CLK —¥
VDDOSC +—
VSSOSC +—

Oscillator

Clock and Reset
Generation Module

A1/XADDR19 ——
A2/XADDR18 —
A3/XADDR17 ——
A4/XADDR16 ——
A5/XADDR15 ——
A6/XADDR14 ——p|
A7/ACS0 —P
A8/ACS1 —»
A9/ACS2 —P
OE#/ACS3 —»
ACS4 —b

ACS5 —P
WE#RW_CC# ——»
CE#/LSTRB —p|
ECLK_CC —¥

INT_CC# +—]

HCS12
Interface

Asynchronous
Memory Interface

Host Interface

<4—» D1/PAD14
[<«—» DO/PAD15
[<«—» D2/PAD13
[«4—» D3/PAD12
<«—» D4/PAD11
[<«¢—» D5/PAD10
<«4—» D6/PAD9

[<4¢— D7/PAD8

<«—» D8/PAD7

<«—» D9/PADG

[«—» D10/PADS
«—» D11/PAD4
[4—» D12/PAD3
<«—» D13/PAD2
<«—» D14/PAD1
<«—» D15/PADO

RXD_BG1/RXD1_485 —p
BGE1 —

Receiver Channel A

RXD_BG2/RXD2_485 —p»
BGE2 —p

Receiver Channel B

TXD_BG1/TXD1_485/IF_SEL1 <4—
TXEN1#/ TXE1_485# 4——]

Transmitter Channel A

TXD_BG2/TXD2_485 +—
TXEN2#/ TXE2_485# 4—]

Transmitter Channel B

MT/CLK_S1 4—»
ARM/DBG1/CLK_S0 +—»
BGT/DBG2/IF_SELO «—

TCU

Debug Strobe

CLKOUT ~a—

External Clock Generator

TEST ——»

Introduction

Supply Pins

VREG input analog VREG input Internal Logic Oscillator 1/0 Driver

VDDA ——» VDDR —» vDD2_5 —» VDDOSC ——» VDDX[1..4] —»
VSSA j VSSR j VSS2_5 j VSSOSC j VSSX[1..4] j

Figure 2-1. MFR4200 Block Diagram
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2.1.5 Memory Map

Table 2-5 shows the device memory map of the MFR4200 after a hard reset.
Table 2-5. Device Memory Map

Address (Hex) Module Size (bytes)
0x000-0x018 General Control Registers 26
0x01A-0x01E Acceptance Filter Registers 6
0x024-0x04A General Control Registers 40
0x04C—-0x082 Slot Status Registers 56
0x084—-0x0FE General Control Registers 124
0x100-0x126 Active Receive FIFO Buffer 40
0x128—-0x13E Reserved, read-only location 24
0x140-0x166 Active Receive Message Buffer 40
0x168—-0x17E Reserved, read-only location 24
0x180-0x1A6 Active Transmit Message Buffer 40
Ox1A8-0x1FE Reserved, read-only location 88
0x200—-0x2FE Buffer Control, Configuration and Status Registers, 256
Cycle Counter Filters Registers

0x300—0x31E Reserved, read-only location 32
0x320-0x3FE General Status Registers 224

The FlexRay block defines the MFR4200 address memory map. Refer to Chapter 3, “MFR4200 FlexRay
Communication Controller for the detailed register map.
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Signal Descriptions

2.1.6 PartID Assignments

The part ID is located in two 16-bit registers, MVRO and MVRI1, at addresses 0x002 and 0x098 (see
Chapter 3, “MFR4200 FlexRay Communication Controller). This read-only value is a unique part ID for
each revision of the chip. Table 2-6 shows the assigned part ID number.

Table 2-6. Assigned Part ID Numbers

Part ID'
Device Mask Set Number
MVRO MVR1
MFR4200 0L60X 0x9042 0x0000
MFR4200 1L60X 0x9042 0x0001

T The coding is as follows (see also the MVRO and MVR1 register descriptions in Chapter 3, “MFR4200
FlexRay Communication Controller):

MVRO:

Bit 15-12: Major release of the FlexRay block in the MFR4200 device
Bit 11-08: Minor release of the FlexRay block in the MFR4200 device
Bit 07-00: Device Part ID1

MVR1:

Bit 15-08: Device Part ID2.

Bit 07-04: Major release of the MFR4200 device.
Bit 03-00: Minor release of the MFR4200 device.

2.2  Signal Descriptions

This section describes the signals that connect off-chip. It includes a pinout diagram, a table of signal
properties, and a detailed discussion of each signal.

2.2.1 System Pinout

The MFR4200 is available in a 64-pin low profile quad flat package (LQFP). Most pins perform two or
more functions, as described in Section 2.2.2, “Pin Functions and Signal Properties”. Figure 2-2 shows the
pin assignments.
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MT/CLK_S12
ARM/DBG1'/CLK_S0?
BGE2
TXD_BG2/TXD2_485
TXEN2#TXE2_485#
RXD_BG2/RXD2_485
BGE1
TXD_BG1/TXD1_485/IF_SEL12
D1/PAD14

DO/PAD15

VSSX2

VDDX2
TXEN1#/TXE1_485#
VDDX4

ACS5
RXD_BG1/RXD1_485

1 One of the following internal signals can be output through the DBG1 or DBG2 pin:
PCS, SSS, RAGFB, MSS, DSSB, SFB, RCFB, SCC, RAGFA, MTS, SOC, DSSA, SFA, RCFA. (See

Table 3-3 and Table 3-23.)

2 CLK_S[1:0] and IF_SEL[1:0] are inputs during the internal reset sequence, and are latched by the
internal reset signal level.

2.2.2

Figure 2-2. Pin Assignments for MFR4200 in 64-pin LQFP

Pin Functions and Signal Properties

Table 2-7