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1 Introduction

Freescale Semiconductor offers two key standalone
FlexRay communication controllers — MFR4200 and
MFR4310. These communication controllers are

implemented with different FlexRay protocol

specifications, version 1.1 and 2.1a respectively. Both
devices are interoperable and can communicate with
each other in a FlexRay network. This application note
describes the differences between interoperability,
compatibility, and gives an example of hardware and
software configurations to help with migrating from the

MFR4200 to MFR4310.

2 Objective

The aim of the document is to detail the differences
between the MFR4200 and the MFR4310 and to provide
hardware and software configuration examples to
demonstrate interoperability and successful migration
from MFR4200 to MFR4310. The information contained
can help you quickly migrate from MFR4200 to a fully
functional MFR4310 FlexRay node or complete
network.

© Freescale Semiconductor, Inc., 2006, 2007. All rights reserved.
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Tasks to Build a FlexRay Cluster

3 Tasks to Build a FlexRay Cluster

This section lists some considerations required to build a FlexRay cluster.

Step 1: Application Data

The following information can be answered by the application:
*  Number of nodes
* Minimum cycle time
* Information to transmit per node / communication matrix
» Special requirements, for example degree of reliability and safety

With this information, the following decisions can be made:
* Network topology (star versus bus)
* Cycle length
*  Number of static slots

Step 2: Define Frame Size

Based on the communication matrix:

» Define which information should be transmitted in the static segment

* And which in the dynamic segment

Decide on static frame length, cycle time, and number of static frames:
* Find the optimum:
— Longer cycle time = more static frames can be send
— Longer frames - less overhead, higher bandwidth

Decide on dynamic frame length and its update rate:
» Define number of dynamic frames per node and cycle
» Try to distribute the frames equally over the cycles

Step 3: Configure FlexRay Node

Based on the decisions made before:
» Define FlexRay communication schedule

Define FlexRay configuration:
» Cycle time, required precision
* Macrotick length
» Atatic slot length, action point offset
» Minislot size, minislot action point offset
o Set NIT length

Migrating from MFR4200 to MFR4310, Rev. 1
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MFR4200 Interoperability

Decide on dynamic frame length and its update rate:

Minislot size, minislot action point offset
Dynamic frame length per node
Dynamic slot idle phase

pLatestTx

Define clock synchronization:

Set synchronization nodes
Set acceptance range
Define Startup

Set cold start nodes
Configure startup timing

Define wakeup nodes:

Set wakeup nodes
Configure wakeup timing

Define error behavior:

4

Enable/disable state transitions in case of error

MFR4200 Interoperability

MFR4200 is interoperable with any PS V2.0 compliant device.

All features necessary for practical use of FlexRay are implemented in MFR4200 and are compatible to
PS V2.0. Workarounds are available for all unimplemented features.

The main differences of MFR4200 to a 100% V2.0 compliant device are primarily on the controller-host
interaction which mainly affects the low level drivers. Slight differences of FlexRay mechanisms are
noticed only when in-depth analysis is performed, transparent to application level. These differences do
not harm interoperability between the devices.

Overall, the MFR4200 can be used in PS V2.0 clusters and MFR4310 can replace MFR4200 with
integrated device compatible software drivers and minor layout changes.

Migrating from MFR4200 to MFR4310, Rev. 1

Freescale Semiconductor 3



MFR4200 Compatibility

5 MFR4200 Compatibility

5.1 Practical Impact of Differences

POC — Protocol overall control:
* MFR4200 does not have READY state
* MFR4200 cannot change automatically from PASSIVE to ACTIVE (automatic error recovery):
application must go to ACTIVE via CONFIG
Single slot mode:
» Slightly improves robustness of startup
» Can be modelled with MFR4200 by assigning only one slot to one node
Coding:
* MFR4200 is optimized for 10 MBit/s
* <10 MBiIt/s: can be configured, works well with good signal quality; problems with flat edges or
bad signal quality on physical layer
Wakeup:
* MFR4200 can send a wakeup symbol, but does not detect media activity during wakeup mode

» No impact if there is only a single node waking up the system or if wakeup is well controlled in
application so that it cannot occur during normal operation.

5.2 MFR4310 Feature Changes

Flexray bus lower bit rates support:
* Inaddition to 10 MBit/s bit rate, support of lower FlexRay channel bit rates was added: 8, 5, and
2.5 MBits/s
There are 128 message buffers available:
» Configured in two regions for any size between 2- and 254-byte payload
» Fast CHI clock input required to support full search of more than 64 buffers in the minimum
minislot length (2 us) i.e., full bandwidth utilization
Message buffer windowing mechanism removed:

* No message buffer windowing mechanism — additional address lines added to the asynchronous
memory interface provide an 8-kbyte address space

» Multiple message buffers can be locked simultaneously
» All message buffers payload data can be viewed once the buffer has been locked
* The same memory map implemented on the integrated FlexRay module will be available on the
MFR4310
Message buffer layout (byte Endianess):
» Errata in MFR4200 corrected — Data0 swapped from LSbyte to MSbyte etc.

Migrating from MFR4200 to MFR4310, Rev. 1
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Asynchronous memory interface performance:
» Single read and write access times significantly reduced — down to approximately 70 ns (at
40 MHz) from 150 ns+ — significantly reducing required wait states and improving system
performance
Single-channel operation:
» Channel A can be configured to connect to channel A or channel B in single-channel mode of
operation
Message buffers dynamically re-configurable:

» A mechanism is provided which allows for secure disabling of any buffer assigned to the static or
dynamic part of the cycle

* While disabled, the buffer can be re-configured
» After re-enabling the buffer, it is considered for transmission or reception in the same cycle

5.3 Buffer Access Comparison

MFR4200 active buffer windowing:
» Buffer n lock request issued by host toggling LOCK bit
» Lock granted by CHI, signaled by setting LOCK bit

» Buffer header, status, and payload data appears in active window depending on whether it is
transmit, receive, or FIFO buffer

» Buffer is unlocked immediately when host toggles LOCK bit

BUFCSn 6 0
LOCK

Active Transmit Window

0x180 — ATBFRID

0x182 — ATBCCPLR

0x1A6 — ATBMBSSVR

Figure 1. MFR4200 Active Buffer Windowing
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MFR4200 Compatibility

PS2.1 device buffer access:

5.4

Buffer n lock request issued by host toggling LCKT bit

Lock granted by CHI, signaled by setting LCKSs bit

Message buffer index register points to message buffer header field (static)
Data offset points to message data field (dynamic)

Buffer is unlocked immediately when host toggles LCKT bit

MBCCSRn 9 1

LCKT LCKS

MBIDXRn

FlexRay Module (CHI)

System RAM
Message Header Field

Frame Header Data Offset Slot Status

Message Buffer Data Field

Figure 2. PS2.1 Device Buffer Access

Pinout Changes

MFR4310 pinout changes are given in this subsection.

Linear address Sspace (HCS12 interface chip select)

As the MFR4310 now has an 8-kbyte address space available, only eight chip select regions are possible
in the 16-bit address space and only three ACSn pins are required:

Pin 18: removed ACSO

Pin 21: removed ACS1

Pin 22: removed ACS2

Pin 27: changed ACS3 to ACS0O
Pin 28: changed ACS4 to ACS1!
Pin 34: changed ACS5 to ACS2!

1. Indicates other changes related to this pin

Migrating from MFR4200 to MFR4310, Rev. 1
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Linear sddress dpace (AMI interface)

Three extra address pins are required:

«  Pin 28: added A11*

«  Pin 34: added A12!

* Pin52: added A10
Two pins were also added to allow 8-bit data access to certain MCUSs. Please see the interface application
notes relevant to each MCU core. The byte select inputs required are:

* Pin47: added BSEL#0

* Pin 48: added BSEL#1

128 message buffer support (CHI clock)
With the CHI running with 40-MHz internal clock, 64 message buffers can be searched (for next
transmission) in the shortest possible minislot time

» To fully support the available 128 message buffers, a fast CHI clock is required

» Selection of this clock input is done using an IF_SEL option. See the MFR4310 reference manual
for details.

* Clock input pin required
— Pin 32; added CHICLK_cc?

PS1.1 bus guardian IF removal (bus guardian interface)
« Pin 32: remove BGT!
e Pin 42: remove BGEM1!
*  Pin 46: remove BGEM2!
« Pin 47: remove ARM?
«  Pin 48; remove MT?!

Multiplexing balance (configuration/debug functions)

Issues have been seen with pullup/ pulldown component selection when configuration pins have mixed
connections to for example, the physical layer.
Debug interface enhanced:

« Move CLK_S[0] to pin 421

e Move IF_SEL[0] to pin 45

«  Move CLK_S[1] to pin 461

« Move DBG[2] to pin 421

« Pin 46: add DBG[3]*

*  Pin 48: add DBG[0]*

1. Indicates other changes related to this pin

Migrating from MFR4200 to MFR4310, Rev. 1
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In summary, a total of 13 pin functions have been changed:

* 4 relate to HCS12 interface only
» 9 affect AMI and multiplexing

However, the package is compatible:

* No changes made to power supply layout
» No changes made to oscillator layout
» Layout recommendations for the MFR4310 are unchanged from the MFR4200
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Figure 3. Pinout Differences
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5.5 MFR4200/4310 AMI Layout Considerations

The AMI pins shown in Table 1 need layout consideration to allow direct replacement of MFR4200 with
MFR4310.

Table 1. Layout Considerations

Function
Pin Comments
MFR4200 MFR4310
52 ECLK ECLK/A10 ECLK not used for AMI
48! MT/CLK_S1 BSEL1/DBGO No BG; pullup/down for configuration
471 ARM/DBG/CLK_S0 BSELO/DBG1 No BG; pullup/down for configuration
46 BGE2 CLK_S1/DBG3 No BG; add pullup/down
45 TXD_BG2 TXD_BG2/IF_SELO Add pullup/down, as pin 41
42 BGE1 CLK_S0/DBG2 No BG; add pullup/down
34 ACS5 A12/ACS2 ACS pins not used for AMI
322 BGT/DBG2/IF_SELO CHICLK_CC CHICLK_CC must be disconnected from MFR4200
28 ACS4 A11/ACSH ACS pins not used for AMI

' Pins 47 and 48 must be disconnected if 8-bit access is used.
2 Pin 32 must be disconnected if fast CHI clock is used.

5.6 Bus Timing Comparison

Please refer to the MFR4200 and the MFR4310 data sheets for the latest timing diagrams and parameters.
* AMI Interface Timing Diagram
» HCS12 Interface Timing Diagram

Migrating from MFR4200 to MFR4310, Rev. 1
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Hardware Example
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6.1

Hardware Example

MFR4200/MFR4310 HCS12 Interface

Figure 4 shows the typical connections required for the HCS12 interface to the MFR4200 and the
MFR4310. Figure 4 only concerns the key address, data, and control signals. In this example, the ACS
signals between the MFR4200 and MFR4310 are connected to port H as general-purpose ports.

us L
ADDRY e 112 A1 ADRAD i
ADDR2 £ AZnADRIS TXD_BGTAF_SEL1__TXD BG1/TAD1 4851F SEL1 3z RS
ADDRS g AZILADRAT THEMI_THEMT/THET 485 JF1
ADDRE - 1; AL ADRAE 33y itk
ADDRS  Sp—— ABHADRAS %
ADbRE S agaprig 23 5 :
ADDRT 3 amiacsn A7 RXD_BG1__RXD_BG1RXD1_485 H2—
ADDRE  ——— 5| ABIACS1__ A8 DEGZALK _S0_ BGE1 [ RE
ADDRE ——— ADIACSZ.  AD Pz e
patan 32 \pap1spo_ pa7oo S i 2 3$V
DATA  p)—————— 2 PAD14D1_P ASD1 CHICLK CC___BGTDBGE2AF_SELD & | R Ra
DATAZ p—— 75 | PADIIDZ__ P ASDZ BSEL1DBEGO__MTLLK S1 TX T/ LCLkauT
DATAZ b 55 | FAD1ZO3__F A4D3 BSELODEG!_ ARMDEGIMCLKE S0 Ra ATk
DATA4 S— 57 |PADTID4__FASD4
DATAS ———— 55| FAD10DS__F AZDS ke
DATAS  y—————— &1 | FAD2OS__F A1DE 45
DATAT p—————— | FADSID7__F ADD7 TXD_BG2AF_SELO__THD_BG2TxD2 485 —=
DATAR p———————2- pPAD7OE__ FETDS THENZ. THENZITXEZ 486 [
DATAY 55— S FADBDA_PBEOD
PATAID 2)———————— PADSDI0__PESD10
e BATAIT j)———————— PAD4DI1__PEHDNM 4z
3 DATA12 53— PAD3D12__PB3DT2 RXD_BG2Z__RXD_BGZRXDZ 485 ¥
DATA1S yp———————— P AD2D13__PB2D13 DBEGICLK_S1__ BGE2 [
DATAIS pp—————— 1 PADID14__PE1D14
R DATAIS 319 P ADOD15__PBODIS i
A EXTALICLK_CC =X
10K £sn# ¥ —=— CELSTRB 55
AR
WED# o1 WET# P 3? WERW CC __ L
DE# ——————= GE/ACS3_ OE/ACSO ATUACST__ ACS4 FE3—C{ADDRIZ
e A120ACS2__ACSS —i2—<{ ADDR11
H—=— RESET A10ECLK_CC_ECLK €C ——<{ADDRID
o T vDD2_5 gg
o W2 5
#—2 CLKOUTTME i
; VODOSE 25
#—— TEST VEEOSC
23 VDDR VSSR %
57| ¥DDX1 VSEX1 Ee—
54 ¥ODX2 VESXZ e
357 ¥DDX3 YSSX3 5 —
50 ] ¥ODR4 ¥EERA o
VDDA VSSA
| MFR4Z00__MFRa310 |

Figure 4. MFR4200/MFR4310 HCS12 Interface Connections
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Software Configuration Examples

6.2 MFR4200/MFR4310 AMI Interface

Figure 5 shows the typical connections required for the MPC55xx interface to the MFR4200 and the
MFR4310. Figure 5 only concerns the key address, data, and control signals.

There must be flexibility with the IF_SELO and IF_SEL1 pins for both the MFR4200 and the MFR4310.
It is important that the CHICLK_CC signal of the MFR4310 is disconnected from the MFR4200.

33
us @
ADDR1 112 A1XADRAD i
ADDRZ 2+ AR/ ADR1S TAD_BGUF_SEL1___TxD BG1/TXD1 4880F SEL1 |2z
ADDRZ >>—T A ADRT THEM1__ THENAMRED_d488 [ P
ADDRE - 7 A4/ ADR16 R 1°K
ADDRS - pp——————— = AS/XADR1S ] 4
ADDRE  pp——————— 2| AB/{ADR14 3 CH s
ADDRT Ty | ATIACSO_AT RXD_BG1__RXD_BG1RXD1_485 [5—X e
ADDRE >>—? ABIACSI1__AS DEG2MCLK_S0_ BGE1 [ re
ADDRE AQIACSZ__ A9 s 4
DATAD h— 33 FAD1SDO__FA7DO S i E 3'3\;
DATAT  sh————— " PAD14/D1__P ABD1 CHICLK CC__ BGTDBG2AF_SELO 2 = T
DATAZ >>—? FADI3DZ___PASDZ BSEL1/DBGO__ MT/CLK_S1 Tx U SCLkauT
DATAZ o 75 | PAD12D3_ FA4DE BSELODBGI__ ARMDBGTCLK_S0 [
DATAR op———— | PADIILD4S PAIDY
DATAS 32— 30 P AD1ODE__F AZDS 1°K
DATAS ="~ PAD9DE__P A1DE 5
DATAR oyr——— 5> | P AD8D7_F AODT THD_BG2AF_SELO__TxD _BG2/TXD2 485 (5 B
DATAS 2 FAD7DS___FPBETDS THEMZ. THREMZTAEZ 488 [
DATAD FADBDI__ FBGDO
DATAID 23— 4 FADSDI0__FESD10
33v DATATT S———————— PADD11 P E4D11 5
il DATATZ Dp—— 3 FAD3D12__FPE3D12 R¥D_BGZ__RXD_BG2RXD2_485 |- ¥
DATATS S FADZD13__ PEZDIZ DEG3ICLK_S1_ BGEZ X
DATAME S PAD1D14___FB1/D14
Rl DATAIS S FADOD15_PEODIS 3
45 EXTALICLK_CC P50
10K Con# >>—J— CEASTRE ==
ST AL e
WERW_CE o
# OE/ACS3__ DE/ACS0 AI1ACST_ACS4 5L ADDR1Z
18 AIZIACS2___ACSS —<{ADDR11
#—=RESET AIMECLK_CC_ ECLK_CC 22— spoR10
o= S s T WDDZ_5 gg
&5 WES2_5
T CLKOUTTMO 44
q ¥DDOSEC 22
H#—— TEST YESOSC
23 WDDR WYESR 199
37| ¥DDX1 WESH1 =2
54| ¥DDx2 VESHE oo
25| ¥DDX3 WESHE [
50 ] vDDx4 VESH4 o
wDDA WSSA
W RAZ00/4300
wMFRAZ00__ MFRAIO0 wMFRA300__ MFRA200

Figure 5. MFR4200/MFR4310 AMI Interface Connections

7 Software Configuration Examples

Please refer to the application note entitled Incorporating an MFR4310 Node in an MFR4200 Network
(AN3265) for both MFR4200 and MFR4310 software examples.

8 Conclusions

The MFR4310 can replace the MFR4200 with integrated device compatible software drivers and minor
layout changes. The application note is based on hardware examples and a application example to show
the simplicity of incorporating an MFR4200 node into an MFR4310 network.

Migrating from MFR4200 to MFR4310, Rev. 1
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References
MFR4200 FlexRay Communication Controller Data Sheet (MFR4200)
MFR4310 FlexRay Communication Controller Reference Manual (MFR4310RM)
FlexRay Communications System Protocol Specification Version 1.1
FlexRay Communications System Protocol Specification Version 2.1a

These documents are available on the Freescale Semiconductor web site at http://www.freescale.com and
http://www.flexray.com.

More information on Freescale’s FlexRay products can be found at http://www.freescale.com/flexray.
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