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1 Introduction

This application note describes a LIN demo that was designed for the
SAE show in March 2000. The project was intended to demonstrate the
LIN protocol, tools and Freescale products that were available. Although
the demo is purely visual and does not represent any particular
application, it does introduce many features that would be implemented
in actual applications, such as CAN-LIN gateway, sleep mode,
messaging scheme, LIN drivers and LIN tools. The hardware was
designed to be flexible and can easily be configured to drive many real
applications.

An introduction to the LIN protocol and general description of the demo
is presented first, followed by a detailed description of the hardware and
software, including schematics and flow diagrams. All code listings are
included in the Appendix.

2 Local Interconnect Network Bus (LIN)

The LIN bus is an inexpensive serial communications protocol, which
effectively supports remote application within a car’s network. It is
particularly intended for mechatronic nodes in distributed automotive
applications, but is equally suited to industrial applications. It is intended
to complement the existing CAN network leading to hierarchical
networks within cars. The protocol’s main features are listed below:

» Single master, multiple slave (i.e. no bus arbitration)
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» Single wire communications up to 20Kbit/s

* Guaranteed latency times

* Variable length of data frame (2, 4 and 8 byte)
» Configuration flexibility

* Multi-cast reception with time synchronization, without crystals or
ceramic resonators.

+ Data checksum and error detection
+ Detection of defect nodes

* Low cost silicon implementation based on standard UART/SCI
hardware

* Enabler for hierarchical networks

Data is transferred across the bus in fixed form messages of selectable
lengths. The master task transmits a header that consists of a break
signal followed by synchronization and identifier fields. The slaves
respond with a data frame that consists of between 2, 4 and 8 data bytes
plus 3 bytes of control information. Figure 1 shows the communication
concept of message transfer and the message format.

master control slave slave .

unit control unit control unit
mastertask | | | i e.es=-.

slave task slave task slave task

MESSAGE FRAME
< -
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Space
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Figure 1 LIN Message frame
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Local Interconnect Network Bus (LIN)
Header Frame

The master controls all bus traffic on the network. The master initiates
communication by transmitting a header frame with synchronization and
identifier information. Any slave, including the slave task in the master
control unit, can respond with a data frame. Only one slave can respond
to each identifier. However, any number of slaves can be configured to
recognize a particular identifier driven on the bus. The master control
unit can transfer data to any number of slaves through its slave task. i.e.
the master’s slave task responds to a header (sent by the master) and
transmits data on to the bus. All other slaves can simultaneously receive
the data frame.

2.1 Header The header frame consists of 3 main parts: a SYNCH BREAK signal, a

Frame SYNCH FIELD and an IDENTIFIER. The SYNCH BREAK is used to
identify the beginning of a message frame and allow the slaves to
synchronise to the master’s bus clock. It is a unique signal that has 2
parts: a Dominant SYNCH BREAK that is longer than any regular
dominant bit stream, and a synchronisation delimiter that is required to
enable the detection of the start bit of the following SYNCH FIELD.
Figure 2 shows the SYNCH BREAK field.

SYNCH BREAK SYNCH
B FIELD | FIELD
- - -
TSYNBRK TSYNDEL

Figure 2 SYNCH BREAK field

The timing specification for the SYNCH_BREAK field is dependent on
the tolerance of the slave node’s clock source. The master is always
required to transmit a dominant Tgyngrk Signal, that is a minimum 13 bits,
measured in the master’s time base. The slave detects a break signal if
it is dominant for longer than any regular bit stream. If the slave’s clock
source has a tolerance lower than +- 15% (Fro. unsynch) the SYNCH
BREAK THRESHOLD is 11 bit times (number of dominant bits required
to be recognised as a SYNCH BREAK FIELD) measured in the slave’s
time base. If the clock source’s tolerance is less than +- 2% (F1o, synch
) the threshold is reduced to 9 dominant bits. -

The second part of the header is the SYNCH FIELD that contains the
pattern 0x55 to allow the slave to synchronize with the master. This
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NOTE:

allows low cost microcontrollers with internal RC oscillators to be used
in slave nodes.

Internal oscillators have a low tolerance that requires to be trimmed
(actively changed) if reliable communication is to be maintained.

The final part of the header is the IDENTIFIER FIELD that denotes the
content and length of a message. The content is represented by 6
identifier bits and 2 parity bits. Identifier bits ID4 and ID5 specify the
number of data fields in a message. Figure 3 shows the identifier field.

IDENTIFIER
FIELD

IDO ID1 ID2 ID3 ID4 ID5 PO P1

START
BIT

2.2 Response
Frame

2.3 Sleep Mode
Frame

NOTE:

Figure 3 Identifier Field

The parity information is calculated using a mixed parity algorithm that
prevents all bits being recessive or dominant.

The response frame is always transmitted by the slave task (this can be
the slave in the master). It consists between 2, 4 or 8 data fields and a
checksum field. The data fields consist of 8 bits of data transmitted LSB
first. The checksum contains an inverted modulo 256 sum over all data
bytes.

A reserved Sleep Mode Frame with a fixed 0x80 identifier was specified
in the original version of the LIN specification. In version 1.2 or later the
Sleep Mode Frame has been removed and replaced by reserved
identifiers, which are described in section 2.4. However, as the demo
software was developed to the original specification it uses the fixed
identifier 0x80 as the Sleep Mode Frame.

Any slave node can bring the bus out of sleep mode (by transmitting the
WAKE_UP signal). However, it is only the master that is allowed to put
the network to sleep.

Refer to LIN specifications for further details.

AN2103
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2.4 Reserved
Identifiers

2.4.1 Command
Frame Identifiers

2.4.2 Sleep Mode
Command

2.4.3 Extended
Frame Identifier
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Local Interconnect Network Bus (LIN)
Reserved Identifiers

Version 2.1 of the LIN specification contains reserved identifiers;
Command frame identifiers and Extended frame identifiers.

Two COMMAND FRAME IDENTIFIERS have been reserved to
broadcast general command requests from master to all bus
participants. The frame structure is identical to regular 8-byte message
frames with the following reserved IDENTIFIER FIELDS:

0x3C — Download frame
0x7D — Upload frame

The download frame is used to send commands and data from master
to the slave nodes. The upload frame is used to trigger one of the slave
nodes (being addressed by a prior download frame) to send data to the
master.

Additionally, command frames with their first byte containing 0x00 to
Ox7F are reserved for specific use by the LIN consortium. The remaining
frames are free to be assigned by the user.

The SLEEP MODE COMMAND is used to broadcast the sleep mode to
all bus nodes. The SLEEP MODE COMMAND is a download
COMMAND FRAME with the first data byte set to 0x00

Two EXTENDED FRAME IDENTIFIERS have been reserved to allow
the embedding of user defined message formats and for future
expansion without violating the specification. The frame structure is
identical to regular 8-byte message frames with the following reserved
IDENTIFIER FIELDS:

OXFE — User defined extended frame
0OxBF — Future LIN extension

The identifier can be followed by an arbitrary number of LIN BYTE
FIELDS. The frame length, communication concept and data content are
not specified. Also, the length coding within the ID field does not apply
to the EXTENDED frame identifiers.
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3 SAE Demo Description

The LIN Demo consists of a single master node and twelve slave nodes
mounted on a ‘clock face’ (see Figure 4 for details). The master controls
all slave nodes. It schedules messages that flash the slave’s LEDs in a
predetermined sequence. In addition, on a request from the master,
each slave node responds with a status messages. The status returned
is the value of 2 HEX switches mounted on the slave hardware. The
value can be changed, in real time, and monitored on the LIN and CAN
buses.

The demo has several modes of operation that are described below.
Each mode is selected by a CAN message or by a switch on the master
node, when operated in standalone mode. Finally, the master node can
be removed and the demo can be driven using a VCT LINspector
configured in emulation mode.

Figure 4 Clock Face Hardware
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NOTE:

3.1 Demo
Configuration:

3.1.1 Standard:

3.1.2 Standalone:

3.1.3 Emulator:

3.2 Modes of
operation:

3.2.1 Default
Mode:

3.2.2 Broadcast
Mode:
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SAE Demo Description
Demo Configuration:

The LINspector is a cost effective LIN tool that can be used in a variety
of situations, including development, testing and verification. It is driven
from a LIN configuration description file, which contains all details of the
network. It can be used to monitor all traffic, provide detailed timing
information and advanced triggering functions. Additionally, it enables
basic and advanced emulation features that allow the user to ‘replace’
any number of nodes on the network. Refer to VCT’s web page for more
details. The URL is http://www.vct.se

Software on master node used to control the demo.
VCT LINspector used to monitor all bus activity.

CAN node used to activate different demo modes and display status
messages.

Software on master node used to control the demo.
VCT LINspector used to monitor bus activity.

HEX switches on master used to select modes

VCT LINspector used to control the demo and display all bus activity.

In this mode, the master sequentially transmits messages to the slave
nodes that control their LEDs. The slaves respond with the settings of
their HEX switches. The switch settings are translated to a CAN
message and transmitted onto the CAN bus. If a slave node is removed
a NO_NODE code (0x00) is transmitted on to the CAN bus

In this mode, the master periodically transmits a messages that each
slave node simultaneously receives. The transmitted messages switch
on the slave’s LEDs. The master node controls the LED pattern.
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3.2.3 Ident Mode: This mode is primarily used to set-up the demo. The master transmits a
broadcast message that each slave node receives. On reception of this

message, the slaves output their IDs to the LEDs.

3.2.4 Sleep Mode: This is the demo’s low power mode. The master transmits a sleep
command that signals to the slaves to enter sleep mode by disabling
their voltage regulators. The master also enters sleep mode once the
sleep command has been successfully transmitted. Any slave can
wake-up the demo by pressing the red buttons around the perimeter of
the ‘clock face’. The slave node that is woken up wakes up the entire

network by transmitting a wake-up sequence on the LIN bus.

The LIN physical interface (MC33399) supports wake-up from the bus
and from an external source. On the detection of a valid wake-up signal,
the physical interface drives its inhibit output signal low, enabling an
external voltage regulator (if this feature is used). Alternatively, the
inhibit output can be used to drive the IRQ of the microcontroller. Refer
to MC33399 data sheet for specific application details.

3.3 LIN A simple data driven messaging scheme was used to control the demo.
Messaging Each slave node is statically configured to recognize 3 LIN message
Scheme identifiers. These are a NodeX_Write, a NodeX_Read and a Broadcast

message, where X denotes the node number. This allows the master to
transmit commands and data to individual nodes and for each node to
transmit status responses back to the master. The broadcast message
identifier is common to each slave node. It allows the master to transmit
data to all the nodes simultaneously. Table 1 lists the messages that
were used for the demo.

Table 1 LIN Messages

Message Name Message ID Slave Response | Slave Response Description
(LIN ID) Source Destination

Nodel Write LINMsg01 (OxC1) |Master Slave_ID 1 Master transmits nodel control
command

Node2_Write LINMsg02 (0x42) |Master Slave_ID 2 Master transmits node2 control
command

Node3_Write LINMsg03 (0x03) | Master Slave_ID 3 Master transmits node3 control
command

Node4_Write LINMsg04 (0xC4) | Master Slave_ID 4 Master transmits node4 control
command

Node5_ Write LINMsg05 (0x85) | Master Slave_ID 5 Master transmits node5 control
command

Node6_Write LINMsg06 (0x06) | Master Slave_ID 6 Master transmits node6 control
command

AN2103
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Table 1 LIN Messages

SAE Demo Description
LIN Messaging Scheme

Message Name Message ID Slave Response | Slave Response Description
(LIN ID) Source Destination
Node7_Write LINMsg07 (0x47) | Master Slave _ID 7 Master transmits node7 control
command
Node8_Write LINMsgO08 (0x08) | Master Slave_ID 8 Master transmits node8 control
command
Node9 Write LINMsg09 (0x49) | Master Slave_ID 9 Master transmits node9 control
command
NodelO_Write LINMsgOA (OxCA) | Master Slave_ID 10 Master transmits nodelO con-
trol command
Nodell Write LINMsgOB (0x8B) | Master Slave_ID 11 Master transmits nodell con-
trol command
Nodel2_Write LINMsgOC (0x4C) | Master Slave_ID 12 Master transmits nodel2 con-
trol command
Nodel Read LINMsg11 (Ox11) |Nodel Master Slave transmits status data
back to master.
Node2_Read LINMsg12 (0x92) |Node2 Master Slave transmits status data
back to master.
Node3 Read LINMsg13 (0xD3) |Node3 Master Slave transmits status data
back to master.
Node4 Read LINMsg14 (0x14) |Node4 Master Slave transmits status data
back to master.
Node5 Read LINMsg15 (0x55) |Nodeb Master Slave transmits status data
back to master.
Node6_Read LINMsg16 (0xD6) |Node6 Master Slave transmits status data
back to master.
Node7_Read LINMsgl17 (0x97) |Node7 Master Slave transmits status data
back to master.
Node8 Read LINMsg18 (0xD8) |Node8 Master Slave transmits status data
back to master.
Node9 Read LINMsg19 (0x99) |Node9 Master Slave transmits status data
back to master.
Nodel0 Read LINMsg1A (0x1A) |NodelO Master Slave transmits status data
back to master.
Nodell Read LINMsg1B (0x5B) |Nodell Master Slave transmits status data
back to master.
Nodel2_ Read LINMsg1C (0x9C) |Nodel2 Master Slave transmits status data
back to master.
BroadCast LINMsgOF (0x80) | Master All slave nodes Master transmits command to
all slave nodes
The messages selected for the demo are all 2 bytes long. The first byte
is a command byte and the second is data. Table 2 details the
NodeX_Write Message Format.
AN2103
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NOTE:

NodeX_ Write Message Format

Table 2 NodeX_ Write Messages

| Identifier = See table | Bytel = Command Byte | Byte2 = LED Pattern

Write Message Command Byte

Command Code
SLAVE_LEDS COMMAND 0x01
CLOCK_LEDS_COMMAND 0x03

Broadcast_ Message Format

Table 3 Broadcast Messages

| Identifier = See table | Bytel = Command Byte | Byte2 = LED Pattern
Broadcast Message Command Byte
Command Code
BROADCAST_COMMAND 0x02
IDENT_COMMAND 0x04
SLEEP_COMMAND 0x80

LED pattern sent with command byte. Pattern written to slave node
LEDs. IDENT and SLEEP commands the LED pattern is ignored.

NodeX Read Message Format

Table 4 NodeX_ Read Messages

| Identifier = See table | Bytel = NodelD | Byte2 = Hex Switch

The message format was adopted to allow flexibility within the demo.
Additional commands can be added without too much effort. The slaves
can also easily decode the various commands and act accordingly.
Another benefit is that the master node software has total control over
the LED pattern that the slaves output. In order to change the LED’s
sequence, only the master software has to be changed.

AN2103

10

For More Information On This Product,
Go to: www.freescale.com



3.4 Hardware
Description
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SAE Demo Description
Hardware Description

In actual LIN applications a signal-based messaging scheme should be
adopted. Refer to section Section 4.1 Freescale LIN Drivers and API for
details of Motorola’s signal-based LIN API.

The demo consists of 13 LIN nodes; a single master and 12 slaves. The
hardware for each node is identical as shown in the schematic (see
appendix for schematic details). Identical hardware was used to enable
a universal master/slave board to be designed. This makes the slaves
more flexible and reduces demo cost. The main drawback of adopting
this common solution is that the microcontroller required for the master
node, MC68HC908AZ60, is not suitable for slave nodes because of its
additional functionality (particularly CAN). This makes it too expensive
for a typical slave node. Figure 5 shows a block diagram of the hardware.
Table 5 details more suitable slave microcontrollers. Contact Freescale
for further details (www.mcu.motsps.com).

AZ60 MCU
vdd
Vreg
(LT1121) Gnd
PTR Output LED Drive
Monitor PTC
Mode
o
—1
<
©
[0)
S CANHL
) TX/RX
3 CAN I/F
2 CAN
& . ______ | (MC33388 Contral
8 Wake-Up Dseled ( ) ontra
LIN
PTD Input Switch
TXIRX ' Input
LIN I/F SClI
MC33399 Caniral
—L
[ | 0sc
- |
Figure 5 Master/Slave Hardware
AN2103
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The hardware has several functions that make the design flexible and
suitable for other general CAN and LIN applications.

Table 5 LIN Slave Devices

LIN Slave MCUs
Device ROM FLASH RAM Features
68HC908JK3 - 4K 128 Timer, PWM, ATD
68HC908JL3 - 4K 128 Timer, PWM, ATD
68HC908JK1 - 1.5K 128 Timer, PWM, ATD
68HCO08AB16 16K - 512 Timer, PWM, ATD, SCI, SPI
68HC908EYS8 - 8K 256 Timers, ATD, SPI, Enhanced SCI
LIN Slave Hyperintegration/Mechatronics
Device ROM | FLASH | RAM | EEPROM Features
68HCO5PV8 8K - 192 128 Timer, PWM, A/D, OSC, HV I/O, OP-Amp, Phy I/F
68HC805PV8 - 8K 192 128 Timer, PWM, A/D, OSC, HV I/O, OP-Amp, Phy I/F
33393TM 64 1k Timer, Osc, 2x175mA H-Bridge, Mechatronic package
3.4.1 Monitor The hardware has the additional circuitry included to allow the
Mode microcontroller to communicate with a PC via its monitor mode. This

3.4.2 LIN Physical
Interface
(MC33399)

3.4.3 CAN
Physical Interface

3.4.4 LEDs and HEX
Switch interface

enables in-circuit Flash programming and simple debugging to be
performed. Hiware’s MONOS target was used in the application
development.

The MC33399 was used in the demo. This interface is a serial link bus
interface designed to provide bi-directional, half-duplex communication
interfacing in automotive applications. It is similar to the ISO9141
interface, but has additional features specific to the LIN protocol. These
features are wake-up from the LIN bus, wakeup from an external source
and slew rate control to reduce EMI emissions. Refer to the MC33399
data sheet for a detailed description and application diagrams.

In addition to the LIN interface, each node has a CAN physical interface
(MC33388). This is required for the master node, as a simple CAN to LIN
gateway is implemented.

Each node has 8 LEDs (4 red and 4 green) and 2 HEX switches. The
LEDs are driven directly from Port B, configured as output, and used to
demonstrate the LIN protocol and sequencing of messages from the

AN2103

12

For More Information On This Product,
Go to: www.freescale.com




3.45
Components used

Freescale Semiconductor, Inc.

Software Description
Freescale LIN Drivers and API

master. The switches are input to Port D and allow each node to have a
status and identifier value that can be changed in real time and
transmitted on the LIN bus.

The LEDs and switches are positioned at the edge of the boards and can
easily be removed and the board used to drive an actual application. For
example, the port lines that interface to the LEDs and switches could be
connected to a power drive board and could be used to control motors
of a mirror module. This makes the board very flexible and allows quick
prototyping of LIN applications.

MC68HC908AZ60 — General purpose flash MCU with CAN.
MC33399 — LIN Physical interface.
MC33388 — Low speed, fault tolerant, CAN physical interface.

4 Software Description

4.1 Freescale

LIN Drivers and
API

AN2103

The demo comprises a single master and 12 slave nodes. The master
software is responsible for scheduling LIN messages, providing a CAN
to LIN gateway and general communications. The slave software
interrogates all header frames transmitted on the bus and either receives
a response frame from another slave or transmits a response frame on
to the bus. Each slave waits for a pre-configured message, decodes the
command and either outputs the data to its LED port, if it is a

NodeX_ Write or broadcast message, or transmits a status message to
the LIN network, if a NodeX_Read message was detected. The code for
each slave is practically identical, the only difference being the
messages configured are specific to individual nodes. See Table 1 for
details.

The master and slave code implementations both use the Freescale
HCO8 LIN low level drivers to manage all the LIN communications. The
drivers and the application code for the demo are described in this
section. All data flow diagrams and flow charts are included. Refer to the
appendix for code listing.

The driver provides the full LIN protocol eliminating the application code
from implementing the LIN low level kernel. The user interfaces with the
drivers, statically at compile time and dynamically at run time through an
API. Two versions of the drivers exist: one with a custom Freescale API
and the second with the LIN API. The project used the Freescale API
drivers.

For More Information On This Product, 13
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The Freescale API is entirely message based. The message identifiers
for a specific node are configured at compile time through header files.
The application accesses the data transmitted using the LIN_GetMsg()
and LIN_PutMsg() services. The application retrieves or transmits the
data associated with the identifier. (The address of a buffer that contains
the data to be transmitted or received and the message identifier are
passed to the driver, by the application). The drivers are easily used with
no additional tools and are linked with the application code.

The main difference of the LIN API is that it is signal based. The
application code does not access the entire message data, but only
specific signals. A signal consists of one or more bits of data. The drivers
provide services to access particular signals of varying lengths. (1 bit,
2-8bits and 9-16bits). In order to use the drivers an additional description
file is required that describes all the signals that are specific for a
particular node. This description file is then converted to header files (an
additional tool is required for this) and included with the application.
Every node on the network requires a separate description file that
contains its specific signals. This file is also used with the LINspector tool
for development and evaluation. The LIN API has provision to connect
to several hardware interfaces (more than one SCI).

The LIN Drivers are currently available for the HC05, HC08 and HC12
families of microcontrollers. Details of the HC08 implementation are
given below.

Node LINBaud MCU bus MCU load RAM ROM Stack
Rate(bps) | frequency (bytes) | (bytes) | (bytes)
Master |20000 4 <9% 23 1391 <34
Slave 20000 4 <5%/6% 20/21 1071/689 | <34/19
Notel: Figures exclude per message overhead
Note2: Freescale API/LIN API
Contact Freescale Software Systems for further information.
software.systems@www.freescale.com
AN2103
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Freescale LIN Drivers and API

4.1.1 Static The drivers are statically configured through 2 header files, lincfg.h and

Configuration linmsgid.h. The lincfg.h file is used to provide general LIN configuration
information, such as baud rate and timer pre-scalers. The information in
this file is the same for each node on the network, assuming they are all
the same target hardware. The linmsgid.h file is used to define the
node’s messages and whether they are to be received or transmitted.
This file is usually unique to every node on the network. For further
details refer to the LIN drivers manual and the demo configuration files.

4.1.2 Driver API The API is the interface with the drivers. The application code calls the
run time services provided by the driver, during execution. The services
used in the demo software are described below. Refer to driver manual
for full descriptions of the Freescale and LIN API.

4.1.2.1 LIN_Init: The LIN_Init service performs initialization of the driver. The function
must be called before any other API service call is made. The service
initializes the following functions:

» Sets baud rate (Information entered in lincfg.h file)
» Assigns physical interface pins

* Sets Tx to idle state

» Clears all error flags and counters

* Clears all data buffers

e Change state of drivers to run

* Initializes all variables

Syntax: unsigned char LIN_Init (void);
Applicable:  Master, Slave

Parameters: None

Return: LIN_OK

AN2103
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4.1.2.2
LIN_GetMsg:

4.1.2.3
LIN_PutMsgQ:

4.1.2.4
LIN_RequestMsg:

Freescale Semiconductor, Inc.

Application Note

The LIN_GetMsg service retrieves the current content of the specified
message buffer to an application defined buffer

Syntax:

Applicable:
Parameters:

Return:

unsigned char LIN_GetMsg (unsigned char Msgid,
unsigned char * Data);

Master, Slave

Msgld — Message identifier
Data — Pointer to memory buffer where received data is to
be stored.

LIN_OK, LIN_NO_ID, LIN_INVALID_ID and
LIN._MSG_NODATA

The LIN_PutMsg service transmits current contents of specified
message buffer to an application specified message buffer.

Syntax:

Applicable:
Parameters:

Return:

unsigned char LIN_PutMsg (unsigned char Msgld,
unsigned char * Data);

Master, Slave

Msgld — Message identifier
Data — Pointer to memory buffer where data is to be
transmitted.

LIN_OK, LIN_NO_ID and LIN_INVALID_ID

The LIN_RequestMsg service transmits the message identifiers header

frame

Syntax:
Applicable:
Parameters:
Return:

unsigned char LIN_RequestMsg (unsigned char Msgld);
Master

Msgld — Message identifier

LIN_OK, LIN_REQ_PENDING and LIN_MSG_SLEEP

AN2103
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4.1.2.5
LIN_MsgStatus:

Syntax:
Applicable:

Parameters:

Return:

4.2 Master code
iImplementation

CANRXISR

CAN
Message
Handler

CAN
Message Port

Freescale Semiconductor, Inc.

Software Description
Master code implementation

The LIN_MsgStatus service returns the current status of the
specified message buffer.

unsigned char LIN_MsgStatus (unsigned char Msgld);
Master, Slave
Msgld — Message identifier

LIN_NO_ID, LIN_OK, LIN.MSG_NOCHANGE and
LIN_MSG_NODATA

The master software has 2 main tasks that schedule LIN messages
and provide a CAN to LIN gateway. The scheduler operates from a
periodic tick, driven from Timer B overflow, and transmits a header
frame every150ms. The gateway function is driven from the CANRXx
interrupt and either changes the demo mode or transmits a LIN
message to a specific slave node. Figure 6 shows the data flow
diagram of the master software.

PortD

RequestMs,

SCl
Port

Demo
Mode

A\ Data Data
PortCAN
o \ CANRX i RequestMSG
Read
CANTX \ msCAN Demo Data
\ Buffer Mode
; Write
CAN CANTX Data
Data
Message
Data Schedule 1
Msg 150ms~.__
Tramsmit TOF ISR
CANMsg
Figure 6 Master Data flow Diagram
AN2103
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4.2.1 Demo Modes

As discussed the demo has several modes of operation that are user
selectable. The mode is controlled by a CAN message or by the HEX
switch on the master PEC, when operated in standalone mode. The
mode can be changed at any time. Table 6 shows the CAN
messages and switch positions that select different modes.

Table 6 Mode Selection Table

Mode Selection Table
Mode CAN Message Switch Position
Default ID 0x00, ByteO=0x0E, 0x00 0
Broadcast ID 0x00, Byte0O=0x0E, 0x01 1
Ident ID 0x00, Byte0=0x0E, 0x02 2
Sleep ID 0x00, Byte0O=0x0E, 0x03 3

The mode select is controlled in the ScheduleMessage function. The
software reads a demomode control variable and depending on its
value calls a default message handler, broadcast message handler,
ident message handler or a sleep message handler. The control
variable is initialized to DEFAULT mode out of reset, but can be
updated directly from the hex switch (on Port D) or from a CAN
message.

AN2103
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Start )
y

Transmit ALIVE
Message

Y Standalone
Mode

Update

demomode varible N

with mode select
switch settings

v

DEFAULT
Mode

v

Call
DefaultMsgHandler

v

Call
BroadcastMsgHandler

v

Call
IdentMsgHandler

v

Call
N SleepMsgHandler

End

Figure 7 ScheduleMessage Flow Diagram
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4.2.1.1 Default mode

NOTE:

Each mode and its software are described below:

In default mode the software executes in a loop that sequentially
transmits 2 messages to each slave node. See Table 7 for sequence.
The first message is a NodeX_Read message that requests a status
response from the slave to indicate that it is present. If the master
does not receive the slave response within a 10mS timeout it is
assumed that the node is not present and a NO_NODE code (0x00)
is transmitted on the CAN bus. The second message transmitted
(assuming a node is present) is a NodeX_Write message that
transmits a command byte and a data byte to a specific slave. The
slave decodes the command and outputs the data to its LED port.

The status response message is checked to see if it has changed
since the last interrogation. If it has changed it is translated to a CAN
message and transmitted onto the CAN bus. The status information
is updated before the function is exited.

The CAN transmission is not performed if the demo is in standalone
mode.

The scheduler software exits this function then waits in the main loop
before transmitting to the next node in the sequence. The node
number to be transmitted is controlled in the TIMBOVF_ISR. See
main loop for further details.

AN2103
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Table 7 Schedule Sequence

Default Message Sequence

Node Number Data
12 ALL LEDS ON

1 RED_LEDS_ON
11 GREEN_LEDS_ON

2 RED_LEDS_ON
10 GREEN_LEDS_ON

RED_LEDS_ON
GREEN_LEDS_ON

RED_LEDS_ON
GREEN_LEDS_ON

RED_LEDS_ON
GREEN_LEDS_ON

ALL_LEDS_ON

O NOI|OPR~|OW

RED_LEDS_ON
GREEN_LEDS_ON

RED_LEDS_ON
GREEN_LEDS_ON

RED_LEDS_ON
GREEN_LEDS_ON

RED_LEDS_ON
GREEN_LEDS_ON

11 RED_LEDS_ON
1 GREEN_LEDS_ON

REPEAT REPEAT

NE|lwo|ro| o~

The default message table shows the order that the nodes are written
to and the data that is transmitted.

AN2103
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Index

v

within range
(1to 12)

Reset Index to 1

Index N
6or 12
Y

Call Transmit Function
and pass Schedulelndex,
ALL_LEDS_ON data
&MsgReadBufl

Calulate
AltSchedulelndex
(AltSchedulelndex =12 -
Schedulelndex)

y

Call Transmit Function
and pass Schedulelndex,
RED_LEDS_ON data
&MsgReadBuf

N Status

Changed

Standalone
Mode

Call Transmit Function
and pass
AltScheduleindex,
GREEN_LEDS_ON data
&MsgReadBu2

Transmit new status on
CAN bus

Update Status

A 4

End

]

Figure 8 Default Mode Flow Diagram
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{ Start )

\ 4

Initialise timeout count and
flags

A 4

Transmit ReadMsg header
frame

A 4

Start Timeout

Timeout or
ewMsg Data

Stop Timeout

NewMsg Data

A 4

Updata MsgRead Buffer
with NO_NODE command

Y

Store new data in MsgRead
buffer

A 4

Transmit
SLAVES_LED_COMMAND
with data byte passed into
function

End

Figure 9 Default Transmit Function
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4.2.1.2 Broadcast In this mode, the master software periodically transmits a broadcast

Mode message which is received by every slave node. The first byte of the
message contains the broadcast command, and the second byte
contains the data byte that each slave outputs to its LED port. A
single 1 is shifted through the data byte from bitO to bit7, the
sequence is then reversed and repeated. The data bytes to be
broadcast are stored in a lookup table. See Table 8 below for details.

Table 8 Broadcast Table

0x01
0x03
0x07
OxOF
Ox1F
Ox3F
Ox7F
OxFF

NOTE: Alookup table was used to allow the pattern sequence to be changed
with ease

AN2103
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N Index

within range
¢ \Q) 7)

ResetIndex to 0 Y

¥y
Load Write
Buffer with

Command and
datato be
transmitted

'

Transfer
command and
data to LIN
Broadcast
messge
transmit buffer

A
Request

Transmission of
LIN Broadcast

Message

v

Initialise Up conter N
(UpDownControl =1)

Y
Index
v equal 7
Initialise Down
conter N
(UpDownControl =0)
»
\ 4
End

Figure 10 Broadcast Mode Flow Diagram
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4.2.1.3 IDENT Mode In this mode, the master software periodically transmits a broadcast

message with an IDENT command. Each slave node receives this
command and outputs its individual identifier to its LED port.

NOTE: The slave is pre-programmed with its identifier.

( Start )

y
Load Write Buffer
with Ident
Command and
data to be
transmitted

y

Transfer command
and data to LIN
Broadcast messge
transmit buffer

y

Request
Transmission of
LIN Broadcast
Message

Transmission
Complete

End

Figure 11 ldent Mode Flow Diagram
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4.2.1.4 Sleep Mode
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In this mode, the demo enters its low power state by switching off its
voltage regulator. The master node transmits a SLEEP command
that is received by all slave nodes. Once the SLEEP command has
been successfully transmitted, the master disables its voltage
regulator by driving the LIN interface into its Sleep mode. The
software then waits in an infinite loop until the regulator is disabled.
The master is the only node that can issue a SLEEP command.

The master is woken by a wake-up request initiated by one of the
slave nodes. The LIN I/F device recognizes a specific wake-up
message driven onto the bus. The LIN I/F brings the node out of
sleep mode by turning on the voltage regulator.

( Start

A 4
Enable SBC

control ports as
output (PTF pins
as output)

Y

Disable UPL
device

A

Put SBC into
NORMAL mode

Put SBC into
SLEEP_RQ mode

A 4

Put SBC into
SLEEP mode

l

A 4

Wait forever

Figure 12 Sleep Mode Flow Diagram
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4.2.2 CAN
Communication

NOTE:

4.2.2.1 Receiving
CAN Messages

4.2.2.2 CAN Message
Handlers

4.2.2.2.1 Common
Message Handler

The master software also provides CAN communication and
implements a simple CAN to LIN gateway.

The CAN receive and the transmit functions are described below:

CAN communication do not occur when the demo is configured in
Standalone mode.

The receiver function is interrupt driven. If a message passes the
CAN filters it is written into the CAN receive buffer and a receive
interrupt request is issued. The CANRX ISR sets a msgrxd flag that
indicates that a new message has been received and clears the
interrupt flag to enable further interrupts. The main routine, discussed
below, polls the msgrxd flag, waiting until it is set. When a new CAN
message is received, the code calls a MsgHandlerTable (array of
pointers to functions) and jumps to the appropriate
MsgHandlerFunction. The function that is executed is dependent on
the first byte of the received CAN message. This byte, masked off
with OxXOF, determines the index of the MsgHandlerTable and
subsequently the handler that the code executes.

The basis of the CAN communication and gateway function is
performed using a series of message handlers. These are described
below:

This handler is used to transmit a LIN message to a particular slave

node. The node that the message is transmitted to is determined by an
index (CanMsglIndex). The index is calculated from the CAN message
that was received. The slaves receive the LIN messages and control
the external button LED around the circumference of the ‘clock face’.

Start

h 4

Transmit
CLOCK LED COMMAND X denotes node number
to slave node X (0 <=x>=12)

End

Figure 13 Message Handler (1-12) flow diagrams
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4.2.2.2.2 See sleep mode description
SleepHandler

4.2.2.2.3 ModeSelect This function decodes the CAN mode select message and writes the
Handler appropriate value to the demomode variable.

DEFAULT
MODE

!

demomode = DEFAULT

Y
demomode =
BROADCAST
y
Reset Broadcast index »
Y
IDENT MODE
y
N demomode = IDENT >

End

Figure 14 ModeSelectHandler flow diagrams

42224 This handler consists of the function prototype. This is included for
DefaultHandler expandability and to ensure that the code does not ‘run away’ even
if an invalid entry in the message handler vector table is accessed,
i.e. all unused entries in the table jump to DefaultMessage handler.

AN2103
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4.2.2.3 Transmitting The CAN transmitter function is called from the initialisation and

CAN Messages default mode functions. The identifier and data to be transmitted are
written to TxBufferO and transmitted when the bus is idle. The
function that transmits the message, TXCANBuffer(), receives a
pointer to a structure that contains the id and data to be transmitted
and the TxBuffer number as arguments.

Start ) Start

y %

Calculate message ID to
be transmitted and copy to
StatusMsg ID field

CAN TXO0
buffer empty

\ J
Calculate number of data
bytes to be transmitted
and store value in

StatusMsg DLR field Load CANTX buffer with
message ID

4

Copy data bytes to be
transmitted to StatusMsg
dsr field

y

Load CANTXx buffer with
data bytes

i
Call TxCANBuffer function
and pass address of
StatusMsg and CANTx
buffer number

y

Load CANTx buffer with
data length byte

v

Request CAN
Transmission
(dear TXEO flag)

End

End

Figure 15 CAN Transmit flow diagrams
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4.2.2.4 Master Node
Main Loop
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The main routine is essentially a simple infinite loop that waits for
either a msgrxd system flag to be set or a loopcontrol system flag to
be cleared. The msgrxd flag is set in the CANRXx_ISR when a CAN
message is received. If the flag is set, the MsgHandlerTable is called
and the appropriate handler routine executed as described in the
Receiving CAN Messages section. The loopcontrol flag is cleared
periodically in the TIMBOVF_ISR, which overflows every 150ms.
When the flag is cleared, the ScheduleMsg function is called and the
selected mode executed. Once the CAN message is received or the
mode executed, the main function resets the appropriate flags and
returns to the infinite loop waiting for a flag to change again.

The main loop also performs initialization, by calling the appropriate
initialization function, before the infinite loop is entered. Initialisation
of the MCU registers, LIN drivers and application is also performed.
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Initialise MCU
Register

I

Initialise LIN
Drivers

!

Transmit Alive
Message

I

Check demo mode
and swt flag

I

Initialise Schedule
Table

y
Initialise loop
control flag

Freescale Semiconductor, Inc.

»
»

oopContro
flag clear or
sgrxd se

LoopControl

y

Schedule
Message to be
transmitted

A4

Set LoopControl
Flag

Flag clear

msgrxd

Flag set

)

Call Message
Handler Table and
Execute specific
handler

v

Clear msgrxd Flag

Figure 16 Main Loop flow diagram
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Software Description
Slave Code description

The slave code is entirely message driven. The software for each
node is practically identical, the only difference being the messages
the node is configured to recognize and the nodelD.

The individual slaves are configured to react to 3 preprogrammed
message identifiers: a NodeX_ Write, a NodeX_ Read and a common
broadcast message (NodeX_Write message that every slave is
programmed to receive). See Table 1 for details. Each slave
monitors every header that the master drives on the bus, but only
reacts to its configured identifiers. If a NodeX_Write message is
detected, it receives the message data, decodes the command, and
either writes to its LED output port or the external output LED or
enters SLEEP mode. If a NodeX_ Read message is detected, the
slave automatically transmits its status information bytes (i.e. Its ID
and the HEX switch settings) on to the LIN bus.

Received messages are handled in exactly the same way as the
master code handles CAN messages. When a new LIN message is
received (NodeX_ Write) the code calls a MsgHandlerTable (array of
pointers to functions) and jumps to the appropriate
MsgHandlerFunction.

Periodic
i
D >
o P PortD
I — -
. .
) /
\ Read
Message
Status Port Data
Msg
Status
Read
ComandData
Msglindex PoriB
CetMsg ——=Tqbal Data
SCIRx
Buffer W
rite
SCI PUtMSQ/_ Port Data
Port Read
LED
SCITx Data Write
Message Port Data
Handler PortE
Figure 17 Slave code data flow diagram
AN2103
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4.3.1 Slave Code The slave code’s main function is very similar to the master’s in that

Main Function it performs some initialization before entering an infinite loop. During
an iteration of the loop, the code updates the status message buffer
by writing the HEX switch settings to the NodeX Read message
buffer using the LIN_PUTMsg() service and checks to see if a new
received message has been detected. If a new message has been
detected, the MsgHandlerTable is called and the appropriate handler
function is executed. Several housekeeping tasks are also
performed in the main loop, such as control of timeouts etc. Once the
iteration is complete, the code jumps back to the start of the loop and
performs the tasks again.

AN2103
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Start
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Drivers
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v
Transfer MsgSent
buffer to LIN
drivers buffer
(LIN_PutMsg)

MsgData

Changed

New

NodeX_Write
N mess

Y
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message handler
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Reset

N New
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Get message from
LIN buffers and
transfer to
MsgRcvd buffer

Mask command
&Jump to

message handler
tahle

Figure 18 Main Loop flow diagram
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4.3.2 Receiving LIN
messages

4.3.2.1 Rotating
Handler

Each slave node is configured to receive 2 LIN messages: a
broadcast message and a NodeX_Write message. The first byte of
the message is a command. The main function polls the message
status flags of the configured messages and transfers the received
data to the application receive buffer, MsgRcvd, when a valid
message is received. The command byte is decoded and the
appropriate handler function is executed. Each message handler is
described below:

This handler is entered when the demo is configured for default mode
(SLAVE_LEDS command transmitted by the master). The handler
decodes the LED data received, to see if it is to illuminate the RED
or GREEN LEDs, resets the appropriate time out counter and then
outputs the data to its LED output port.

AN2103
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Msg Data
equal
RED_LED_ON

Reset RED LED
Timeout

Msg Data
equal
REEN_LED_OI

Reset GREEN
LED Timeout

y

Enable System
Timeout

y

Write LED data to
output port

End

Figure 19 Rotating Message Handler flow diagram
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4.3.2.2 Broadcast This handler is entered when the demo is configured for broadcast
Handler mode (BROADCAST command transmitted by the master). The

handler disables the time out and then outputs the data to its LED
output port.

Start

Disable System
Timeout

Write LED data to
output port

Figure 20 Broadcast Message Handler flow diagram

4.3.2.3 External This handler is entered when the demo is configured for external
Handler mode (CLOCK_LEDS_COMMAND command transmitted by the

master). The handler enables the time out and then outputs the data
to its external output port (PortE, bit4)

Reset external
timeout counter

Enable external
timeout counter

y

Swiitch on external
LED

End

Figure 21 External Message Handler flow diagram
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4.3.2.4 |dentify

This handler is entered when the demo is configured for IDENT mode
Handler

(IDENT command transmitted by the master). The handler disables
the time out and then outputs the data to its LED output port

( Start
|4

Disable System
timeout

\ 4

Write NodelD byte
to output port

End

Figure 22 ldentify Message Handler flow diagram

4.3.2.5 Default

This handler consists of the function prototype. This is included for
Handler

expandability and to ensure that the code does not ‘run away’ even
if an invalid entry in the message handler vector table is accessed.
l.e. All unused entries in the table jump to DefaultMessage handler.

4.3.2.6 SleepHandler See sleep mode description

AN2103
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4.3.3
Sleep Mode

Sleep mode is the demo’s low power mode. It is entered when the
master transmits the SLEEP identifier (0x80). Each slave receives
the command and jumps to the sleep message handler. The handler
disables the voltage regulator by driving the LIN I/F into sleep mode.

Any node can be brought out of sleep mode by an external switch
(switches around the circumference of the clock face) or a wake-up
message (see protocol specification for details) detected on the LIN
bus. The slave that is woken up transmits the wake-up message onto
the bus, which wakes up the master and the other nodes.

Each slave distinguishes between a wake-up (switch on voltage
regulator) and a normal power up sequence, by detecting if the
master is present on the bus (master will be communicating on bus
for standard power up sequence). The master transmits an ALIVE
(OxOF) message every 150ms to signal its presence. If a slave
detects an ALIVE message it assumes that it is a power up
sequence. If the ALIVE is not detected within 200ms the slave
assumes that it has woken up and subsequently transmits a wake-up
message to the network.
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5 Code Listings

5.1 Master Code — Master08.C

/****************************************************************************************

Copyright (c)

File Nanme : MASTERO8. C

Engi neer : R29414

Location : EKB

Date Created : 07/ 02/ 2000

Current Revision : $Revi sion: 1.0%

Not es : Master software for the LIN Dermp

R R R R R R R R R R

Freescale reserves the right to nake changes wi thout further notice to any
Product herein to inprove reliability, function or design. Freescale does not
assune any liability arising out of the application or use of any product,
circuit, or software described herein; neither does it convey any |license

under its patent rights nor the rights of others. Freescale products are not
designed, intended, or authorized for use as conponents in systens intended for
surgical inplant into the body, or other applications intended to support life,
or for any other application in which the failure of the Freescale product
could create a situation where personal injury or death may occur. Should

Buyer purchase or use Freescale products for any such unintended or

Unaut hori zed application, Buyer shall idemify and hold Freescale and its
officers, enployees, subsidiaries, affiliates, and distributors harniess
against all clains costs, dammges, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claimof personal injury or death
associ ated with such unintended or unauthorized use, even if such claimalleges
that Freescale was negligent regarding the design or manufacture of the part.
Freescale and the Freescale | ogo* are registered trademarks of Freescale Semiconductor, Inc.

LA EEEEEEEEEEEEE SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEY]

[ RE KKKk Kk Kk kok ok kR Kk ok ok ok kKX kk SySt emIinclude Files ****xxkkkdkhkkxhhhhhhkhhhhhhxhhhhkkxkhhkkkxx [

#i ncl ude <linapi.h> /1 LIN Drivers Header file
/************************* PI’OJ eCt Include F|Ies ****************************************/
#i ncl ude <mast er 08CodeRevi ew. h> /1 Master08 header file

#i ncl ude <conmmon. h> /1 Common data structure

#i ncl ude <port. h> /1 Port register definitions

#i ncl ude <tinmer.h> /1 Timer register definitions

#i ncl ude <sim h> /1 SIM Register definitions

#i ncl ude <si.h> /1 Serial Interface Register definitions
#i ncl ude <kbd. h> /1 Keyboard wakeup Register definitions
#i ncl ude <nmscan08. h> /1 msCAN Regi ster definitions

/*************************** Q)nst ants ***************************************/

/* Sl ave Node Message array */
const Sl aveNodeMsgType Sl aveMsg [] =

{
{ OxOF, Ox0F}, /! Broadcast nessage */
{0x01, Ox11}, /1 Nodel Wite nmessagel D, Nodel Read nessagel D
{0x02, 0x12}, /1 Node2 Wite messagel D, Node2 Read messagel D
{0x03, 0x13}, /1 Node3 Wite messagel D, Node3 Read nessagel D
AN2103
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{0x04, 0x14},
{0x05, 0x15},
{0x06, 0x16},
{0x07, 0x17},
{0x08, 0x18},
{0x09, 0x19},
{ Ox0A, Ox1A},
{ OX0B, 0x1B},
{0x0C, 0x1C}
h

Freescale Semiconductor, Inc.

/* Broadcast table settings */

const tU08 Broadcast Table []
{

0x01,

0x03,

0x07,

0xO0F,

Ox1F,

Ox3F,

Ox7F

OxFF

b

Application Note

/1

/1
/1
/1
/1
/1
/1
/1

/1

Node4
Node5
Node6
Node7
Node8
Node9

Wite
Wite
Wite
Wite
Wite
Wite

nmessagel D
nmessagel D
messagel D
nmessagel D
nmessagel D
messagel D

Node4
Node5
Node6
Node7
Node8
Node9

Read
Read
Read
Read
Read
Read

nmessagel D
messagel D
nmessagel D
nmessagel D
messagel D
nmessagel D

Nodel0 Wite nessagel D, NodelO0 Read nessagel D
Nodell Wite nessagel D, Nodell Read nessagel D
Nodel2 Wite nessagel D, Nodel2 Read nessagel D

Data bytes transmitted when in broadcast node

B R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE SRR EEEEREEEEEEEEEEEEEEE R

Message handl er vector table

******************************************************************************/

void (* const MsgHandl er Table[]) ()

{
CommonMsgHandl er,

CommonMsgHandl er,
ComonMsgHandl er,
CommonMsgHandl er,
CommonMsgHandl er,
ComonMsgHandl er,
CommonMsgHandl er,
CommonMsgHandl er,
ComonMsgHandl er,
CommonMsgHandl er,
CommonMsgHandl er,
ComonMsgHandl er,
Sl eepHandl er,

ModeSel ect ,
Def aul t Handl er
¥

/************************* Gobal

/1

Sl aveMsgBuf f er Type Current Sl aveStatus [12]; /1

DenmoModeType_t DenoMbde = DEFAULT,;

t FLAG Syst enfl ags;
t TXBUF StatusMsg;

t U08 MsgWiteBuf [2];

t U08 Schedul el ndex = 0x01;

t UO8 Al t Schedul el ndex = 0x00;
t U08 Broadcast | ndex = 0x00;

t U08 MsgReadBuf 1[ 2] =

t U08 MsgReadBuf 2[ 2] =

t U08 CanMsgl ndex = 0xO00;

t U08 Ti neout Count = 0x00;

t U08 LoopControl Ti me = 0x00;

{0x00, 0x00} ;
{0x00, 0x00} ;

/1
/1

/1
/1
/1
/1

/1

If required different handlers can be used

Varl abl es **********************************/

Current slave node status
Current denp node (DEFAULT, BROADCAST, | DENT, SLEEP)

System fl ags

Temp wite buffer used with LIN Drivers

Sl ave node i ndex

Broadcast control

i ndex

Tenp read buffer used with LIN Drivers

Ti meout counter for slave nodes.

Set at 5ns

AN2103
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JREK KKK KRR KKk k kR XKk kkkkxkx fDaf | nEg KR I KK AR Rk Kk k kR Ak k ok ok kR Ak kk ok kkhk ok ok ok kkhkokkk [

/* Points to register block in nmenmory */
#define AZ60_PORT (*(tPORT*) (0x0000))
#define AZ60_TIMER (*(tTIMER*) (0x0020))
#define AZ60_SI (*(tSlI*) (0x0010))

#defi ne AZ60_SIM (*(tSI M) (O0xFEO0O0))
#define AZ60 _KBD (*(tKBD*) (0x001A))

#defi ne AZ60_MSCANO8 (*(t MSCAN*) (0x0500))

1B E R R R R R R R R R R R R

Function Nanme : Mai n

Engi neer : R29414

Dat e : 09/ 02/ 2000
Par anet ers : none

Ret ur ns : none

Not es : Mai n | oop

******************************************************************************/

voi d mai n(voi d)
{

/* Local variables */
tuos8 i;

MCUI nitialisation();

LIN Init();

JRE KKKk kR KRk k ok ok ok Rk k Kok ok ok k Kk k ok ok ok ok kkk ok ok ok ok xkk

LIN drivers TOC attached to output ports
Di sabl ed on production software

LR EE R EEEEEEEEEEEEEEEEEEEEEEEY]

/* Disable timer channels fromports */
AZ60_TI MER. t asc0. byte = AZ60_TI MER t ascO. byte &
AZ60_TI MER tascl. byte = AZ60_TI MER tascl. byte &

/* Enabl e MC33399 device */
AZ60 PORT.pte.bit.pte3 = 1;
AZ60_PORT. ddre. bit.ddre3 = 1,

for (i=0; i<Oxff; ++i)

/* Enable G obal Interrupts */
asm

cli

/* Transmit Alive Message */

MsgWiteBuf [0] =  ALI VE_COVVAND,
MsgWiteBuf[1] = ALl VE_BYTE;

LI N_Put Msg( Sl aveMsg[ 0] . WiteMsg, MsgWiteBuf);
LI N_Request Msg( Sl aveMsg[ 0] . Wit eMsg);

if ((AZ60_PORT.ptd.byte & OxF0) != 0x00)
{

}

Schedul eTabl el nit();

Syst enfl ags. bi t. cannode=1;

AN2103
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Syst enfl ags. bit. | oopcontrol =1; /1 Initialise |oop control

/* Main Loop */

whi | e(1)

{

/* Wait for timer interrupt or CAN receive nessage */
whil e ((SystenFl ags. bit.loopcontrol ==1) && (SystenFl ags. bi t. nsgr xd==0))

if ((SystenFlags. bit.loopcontrol ==0) && (SystenFl ags. bi t. nsgrxd==0))

/1 Timer interrupt

Schedul eMsg() ; /1 Schedul e anot her nessage
Syst enfl ags. bit. | oopcontrol = 1; /1 Set up for next loop iteration
el se /1 CAN nessage received
{CanMsgI ndex = (AZ60_MSCANOS8. r xbuf.dsr[0] & OxOF);
MsgHandl er Tabl e[ CanMsgl ndex] () ; /1 Junmp to message handl er table
Syst enfl ags. bit. msgrxd = 0; /1 Set up for next CAN nessage

} /1 end of while (1)
/1 end of main

B R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE SRR SRR EEEEEEEEEEEEE R

Function Nane : Schedul eTabl el ni t

Engi neer : R29414

Dat e : 09/ 02/ 2000

Par anmeters : none

Ret ur ns : none

Not es : Initialise the schedule table. It identifies the slave

on the LIN bus

LEEE AR EEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEREEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEY]

voi d Schedul eTabl el nit (void)

{

/* Local variables */
tuo8 i; /1 1 ndex counter
t U08 msgTenmpBuffer[] = {0x00, 0x00}; /1 Initialise tenmp buffer

/* LIN Schedule table Initialisation */
for (i=0; i<12 ; i++)

{
/* Clear all elements in Slave table array*/
Current Sl aveStatus [i].Byte0 = NO_NODE; /1 NO_NODE = 0x00
Current Sl aveStatus [i].Bytel = NO _NODE;
}
/* Check nodes on Bus */ /1 Nodes 1 to 12
for (i=1; i<13 ; i++)
{

whil e (LI N_Request Msg(Sl aveMsg[i].ReadMvsg) !'= LIN.OK) // Transmt LIN header

Ti meout Count = 0x00; /1 Initialise Tinmeout count

Syst enfl ags. bit. | inmsgti meout =0; // Initialise tineout flag
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Systenfl ags. bit. startti neout =1; // Start time out

while (LI N_MsgStatus(SlaveMsg[i].ReadMsg) !=LIN OK && SystenFl ags. bit.linnsgti neout==0)
; /1 Wait for new data or tineout

Systenfl ags. bit. starttineout =0; /1 Stop timeout. Disables tinmeout in TIMBOVF_I SR

if (SystenFlags.bit.linnsgtimeout==0) /1 No Ti nmeout
{
/1 Valid message received
LI N _Get Msg (Sl aveMsg[i].ReadMsg, nsgTenpBuffer); /'l Transfer Node status to Tenmp buffer */

/* Update Current slave status */
Current Sl aveStatus[i-1].ByteO = msgTempBuffer[0]; // 1=<i <13
Current Sl aveStatus[i-1].Bytel = nsgTenpBuffer[1];

}
/* Transmt initial status via CANif not in standal one node */
if (Systenfl ags. bit.cannpde==1) /'l Standal one npde cannode= 0
{
(tuie) i; /1 i is the CANId
TxCANMsg( nsgTenpBuffer,i); /1l Transmt CAN nessage */
}

} /1 end of for

} /1 End of schedul eTablelnit function

[ R K KKk kK k ok ok ok ok R Kk ok ok kR Rk ok k ok kR Rk kk ok kR Rk ok k ok kR Rk ok k ok kR Rk ok k k kR Rk ok kk kR Rk kR k ok ok Rk ok ok ok ok ok k

Task Nane : Schedul eMsg

Engi neer : R29414

Dat e :

Paranmeters : none

Ret ur ns : none

Not es : Det ermi ne node of denp and cal | s handl er

LR R R R RS R R R R R R R R Ry

voi d Schedul eMsg(voi d)
{

/* Transmit Alive Message */

MsgWiteBuf [0] =  ALI VE_COVVAND,

MsgWiteBuf[1] = ALl VE_BYTE;

LI N_Put Msg( Sl aveMsg[ 0] . WiteMsg, MsgWiteBuf);

LI N_Request Msg( Sl aveMsg[ 0] . Wi teMsgQ); /1 Transmt message

while (LIN_MsgStatus(SlaveMsg[0]. WiteMsg) !'=LIN.OK) // Wit for nessage request conplete

i f (Systenflags. bit.cannbde==0) /1 Check node

{
DenmoMbde = AZ60_PORT. pt d. byte & 0x03; /1 Stand al one node

}
swi tch (DenpMode)

{
case DEFAULT:

Def aul t MsgHandl er () ; /1 Call NodeMsgHandl er
br eak;

case BROADCAST:
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Br oadcast MsgHandl er () ; /1 Call Broadcast MsgHandl er
br eak;

case | DENT:
| dent MsgHandl er () ; /1 Call |dent MsgHandl er
br eak;

case SLEEPMODE: /1 Call SleepHandl er
Sl eepHandl er () ;
br eak;

defaul t:
br eak;
} /1 End of switch

} // End schedul eMsg

/******************************************************************************

Task Nane : Def aul t MsgHandl er
Engi neer : R29414

Dat e : 26/ 07/ 2000

Par anet ers : none

Ret ur ns : none

Not es :

*******************************************************************************/

voi d Def aul t MsgHandl er (voi d)

{
if ((Schedul el ndex <1) || (Schedul el ndex >= 13)) /] Check index is within range 1 to 12
{
/1 Qut of range
Schedul el ndex = 1, /1 meke index =1
}
/* Wthin range */
if ((Schedul el ndex == 12) || (Schedul el ndex == 6)) /1 Valid Schedul el ndex
{
/* Node 12 or 6 */
LI NTransmi t (Schedul el ndex, ALL_LEDS ON, MsgReadBufl); // Transmt specified nessage header frane
}
el se
{
Al t Schedul el ndex = 12 - Schedul el ndex; /1 Calculate alternate index
LI NTransmi t (Schedul el ndex, RED LEDS ON, MsgReadBufl); // Transmt specified nessage header frane
LI NTransm t (Al t Schedul el ndex, GREEN_LEDS ON, MsgReadBuf2); /1 Transm t specified nessage header
frame */
}

/* Conpare status data with previous data */
if ((CurrentSlaveStatus[Schedul el ndex - 1].ByteO != MsgReadBuf1[0]) ||
(Current Sl aveSt at us[ Schedul el ndex - 1].Bytel != MsgReadBuf1[1]))

{
if (SystenFlags. bit.cannpbde==1) /1 Do not transmit if standal one node
{ /1 Standal one =0
(tU16) Schedul el ndex; /1 Schedul el ndex is the CANId
TxCANMsg( MsgReadBuf 1, Schedul el ndex) ; /1 Transmit CAN nessage
}

Current Sl aveSt at us[ Schedul el ndex - 1].Byte0 = MsgReadBuf1[0]; // Update status data
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Current Sl aveSt at us[ Schedul el ndex - 1].Bytel = MsgReadBuf 1[ 1] ;
}

} // End Defaul t MsgHandl er

/******************************************************************************

Task Nane : LI NTransm t

Engi neer : R29414

Dat e : 26/ 07/ 2000

Par aneters : i ndex, |edcommand, &nmsgbuffer
Ret ur ns : none

Not es :

LR EE R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEY]

void LINTransmit(tUO8 index, tU08 | edcomand, tU08 *nsgbuffer)

{
Ti meout Count = 0x00; /1 Initialise Tinmeout count
Systenfl ags. bit.linnmsgti neout =0; /1 lInitialise Tinmeout
LI N_Request Msg( Sl aveMsg[ i ndex] . ReadMsg) ; /1 Transmit specified nessage header frane
Systenfl ags. bit. starttineout =1, /] Start Ti meout
/* Wit for new data or timeout */
whil e (LI N_MsgSt atus(Sl aveMsg[i ndex]. Readvsg) !=LI N OK && SystenFl ags. bit.|innmsgti nmeout==0)
Systenfl ags. bit. startti neout =0; /1 Stop timeout
if (Systenflags.bit.linnsgti meout==0) /1 Check if valid LIN nessage received
{
LI N_Get Msg( Sl aveMsg[ i ndex] . ReadMsg, nsgbuffer); // Store status information
MsgWiteBuf [0] = SLAVE LEDS_COMVAND;
MsgWiteBuf[1l] = | edconmand,; //Set up wite buffer to transmt comrand to node
/* Transmt default nessage to node x */
LI N_Put Msg( Sl aveMsg[i ndex] . WiteMsg, MsgWiteBuf);
LI N_Request Msg( Sl aveMsg[ i ndex] . Wit eMsg);
while (LI N_MsgStatus(SlaveMsg[index].WiteMg) !=LIN_CK) /1 Wait for transm ssion to conplete
*/
}
el se
{ /1 Ti meout
nmsgbuffer[ 0] = NO_NODE; /1 Update tenporary buffer indicating that no node */
msgbuffer[1] = NO_NODE;
}

} /* End LINTransmt */

1B R R R R R R R R R R R R R

Task Name : Br oadcast MsgHandl er
Engi neer : R29414

Dat e :

Par anet ers : none

Ret ur ns : none

Not es :

*******************************************************************************/

voi d
Br oadcast MsgHandl er (voi d)
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i f (Broadcastlndex < O || Broadcastl|ndex >7) // Dont let Index outw th range

{
}

MsgWiteBuf[0] = BROADCAST_ COMVAND;

MsgWiteBuf[1] = Br oadcast Tabl e[ Br oadcast | ndex] ;

LI N_Put Msg( Sl aveMsg[ 0] . WiteMsg, MsgWiteBuf);

LI N_Request Msg( Sl aveMsg[ 0] . Wit eMsg);

while (LIN_MsgStatus(SlaveMsg[0]. WiteMsg) !=LIN.OK) // Wit for nessage conplete

Broadcast | ndex = 0;

i f (Broadcast!|ndex == 0)

{
Syst enfl ags. bi t. updowncontrol = 0; /1 Up Counter
}
i f (Broadcastlndex == 7)
{
Syst enfl ags. bi t. updowncontrol = 1; /1 Down Counter
}

} // End of Broadcast MsgHandl er

B R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREE SRR SRR EEEEEEEEEEEEE R

Task Nane : | dent MsgHandl er
Engi neer : R29414

Dat e :

Paranmeters : none

Ret ur ns : none

Not es :

*******************************************************************************/

voi d
| dent MsgHandl er (voi d)
{
MsgWiteBuf[0] = | DENT_COMVAND;
MsgWiteBuf[1] = AZ60_PORT. pt d. byt e; /1 Hex switch input

LI N_Put Msg( Sl aveMsg[ 0] . WiteMsg, MsgWiteBuf);
LI N_Request Msg( Sl aveMsg[ 0] . Wit eMsgQ);
while (LI N_MsgStatus(SlaveMsg[0].WiteMsg) !'=LIN.OK); // Wit for nessage conplete

} // End of Broadcast MsgHandl er

/******************************************************************************

Task Nane : MCUI nitialisation

Engi neer : R29414

Dat e :

Par aneters : none

Ret ur ns : none

Not es : Initialise the ntu hardware

LR R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEREEEEEEEEEEEEEEEEEEEEEEE SRRy

void MCUInitialisation(void)

{

/* Device configuration */

AZ60_KBD. configl.bit.copd = 1; // Disabl e Wat chdog

AZ60_SI M confi g2. byte = 1; /1 AZ Mode and CAN enabl ed

/* Ports Initialisation */

AZ60_PORT. ddrd. byte = 0x00; /1 PortDi/p for HEX switches
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AZ60_PORT. pt b. byte = OxFF;
AZ60_PORT. ddr b. byt e = OxFF; /1 Port B o/p for LEDs

AZ60_PORT. ptc. bit. ptcO

= 0;
AZ60_PORT. ddrc. bit.ddrcO =

1;

/* CAN I/F Configuration */

Set MC33388Mbde( NORMAL) ; // put MC33388 into normal npde

AZ60_PORT. ddrf . byte = PTF4| PTF3; /1 PTF3=EN and PTF4=STB pi ns on MC33388

Syst enfl ags. byte = 0; /1 reset all system flags

I nitialiseMSCANOS(); /1 MSCAN Initialisation

St at usMsg.id.w 0] = 0x0000; // standard 11-bit ID =1

StatusMsg.dlr = 0; /1 0 data bytes

St at usMsg. t bpr = O; /] set CAN status nmessage ID, DLR and priority

/* Initialise TIMB Qverflow */

AZ60_TI MER t bsc. byte = 0x30; /1 Reset TIMB
AZ60_TI MER t brod. word = Ox3ES,; /1 1ms overfl ow when 1Meg Bus and pre-scal e=0
AZ60_TI MER. t bsc. byte = 0x40; // Enable TIMB OVR Interrupt & Start tinmer

} //End of MCU Initialisation

/******************************************************************************

Function Nane : TxCANMs g

Engi neer : R29414

Dat e : 22/ 02/ 00

Par aneters : *MsgBuf fer, CANId
Ret ur ns : None

Not es :

HK K K KK KKK Kk Kk kR R Kk Kk kR R Rk k ok kR Rk k k ok kR Rk k k ok kR R Rk k k ok ok Rk ok k ok kR Rk ok k ok ok ok Rk k k ok ok ok Rk ok ok ok kK

void TxCANMsg (tUO8 *MsgBuffer, tUl6 CANId)

{
tuo8 i;
StatusMsg.id.wW 0] = ((CANId <<5) & OXFFEO); /] Calculate id
StatusMsg.dl r = sizeof (MsgBuffer); /1 Cal cul ate nunber of data bytes in buffer
for (i=0; i < StatusMsg.dlr ; i++) /1 Transfer data bytes to CAN nmessage buffer
{
StatusMsg.dsr[i] = MsgBuffer[i];
}
TxCANBuf f er (&St at usMsg, MSCAN_TXO0) ;
}
/******************************************************************************
Function Nane : TxCANBUf f er
Engi neer : R38917
Dat e : 11/ 02/ 00
Par aneters : *Buf fer, TxBufferlD
Ret ur ns : None
Not es :

LEE AR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEY]

voi d TxCANBuf f er (t TXBUF *Buffer, tU08 TxBufferlD)

{
tuos i
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whi | e(! (AZ60_MSCANO8. ctfl g. byte & TxBufferlD))

/***

Ti reout Period And Abort Stuff ?

***/
AZ60_NMSCANOS. t xbuf [ (TxBufferI D >> 1)].id.l = Buffer ->id.|;
for(i=0; i < Buffer ->dlr ; i++)

AZ60_MBCANOS. t xbuf [ (TxBuffer D >> 1)].dsr[i] = Buffer -> dsr[i];

AZ60_MSCANOS8. t xbuf [ (TxBufferI D >> 1)].dlr = Buffer -> dlr;
AZ60_NMSCANOS8. t xbuf [ (TxBufferI D >> 1)].tbpr = Buffer -> tbpr;

AZ60_MSCANO8. ctfl g. byte = TxBufferl D

}
/******************************************************************************
Function Nane : Set MC33388Mbde
Engi neer : R38917
Dat e : 11/ 02/ 00
Par anet ers : Mode
Ret ur ns : None
Not es :

******************************************************************************/

voi d Set MC33388Mbde( enum t MC33388 Mbde)

swi t ch( Mode)

{

case SLEEP:
AZ60_PORT. ptf. byte = 0; /| STB=EN=0
br eak;

case SLEEP_RQ

AZ60_PORT. ptf.byte = PTF3; /1 STB=0, EN=1
br eak;

case RX_ONLY:
AZ60_PORT. ptf.byte = PTF4; /1 STB=1, EN=0
br eak;

case NORMAL:
AZ60_PORT. ptf.byte = PTF4| PTF3; /| STB=EN=1
br eak;

defaul t:

}

}
/******************************************************************************
Functi on Nane : CommonMsgHandl er
Engi neer : R38917
Dat e : 20/ 07/ 00
Par anet er s : None
Ret ur ns : None
Not es : This handler is common to the 12 nmessages as only the index is different.

******************************************************************************/

voi d CommonMsgHandl er (voi d) /1 Cormmon handl er replaces Nodel - Nodel2 handl ers
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{
t U08 nmsgSent[] = {CLOCK_LEDS COMVAND, ALL_LEDS OFF}; /1 Local Declaration
LI N_Put Msg (Sl aveMsg[ CanMsgl ndex] . WiteMsg, nsgSent); // Transfer data to LIN Msg buffer
LI N_Request Msg( Sl aveMsg[ CanMsgl ndex] . Wit eMsg) ; /'l Request a nmessage
whil e (LI N_MsgStatus(Sl aveMsg[ CanMsgl ndex]. WiteMsg) !'= LIN.OK)// Wait a while
}
/******************************************************************************
Function Nane : Sl eepHandl er
Engi neer : R38917
Dat e : 11/ 02/ 00
Par anet er s : None
Ret ur ns : None
Not es :

LEE AR EE R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEY]

voi d Sl eepHandl er (voi d)

{

/* Send out LIN Sleep conmmand */
MsgWiteBuf [0] = SLEEP_COMVAND;
MsgWiteBuf[1] =  0xO00;

LI N_Put Msg( Sl aveMsg[ 0] . WiteMsg, MsgWiteBuf);
LI N_Request Msg( Sl aveMsg[ 0] . Wi teMsgQ);

while (LI N_MsgStatus(SlaveMsg[0].WiteMsg) !'=LIN.OK) // Wit for nessage conplete

AZ60_PORT. pte. bit.pte3 = 0; /1 Disable UPL
Set MC33388Mbde( SLEEP_RQ) ;
Set MC33388Mode( SLEEP) ;

whi | (1)

/1 placi ng MC33388 i nt o SLEEP nobde swi tches of f the Vreg
}

/******************************************************************************

Functi on Nane : ModeSel ect

Engi neer : R38917
Dat e : 10/ 02/ 00
Par aneters : None

Ret ur ns : None

Not es :

LEE AR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEY]

voi d ModeSel ect (voi d)

{
swi t ch( AZ60_MSCANOS. r xbuf . dsr[1]) /1 Dermo node in bytel
{
case DEFAULT:
DenmoMode = DEFAULT; /1 Put denp in default node
br eak;

case BROADCAST:
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DenoMbde = BROADCAST; /1 Put denp in broadcast node
Broadcast | ndex = 0;
br eak;
case | DENT:
DenmoMode = | DENT; /1 Put deno in | DENT node
br eak;
defaul t:
}

}
/******************************************************************************
Functi on Nane : Def aul t Handl er
Engi neer : R38917
Dat e : 11/ 02/ 00
Par aneters : None
Ret ur ns : None
Not es :

LEEE R EEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEY]

voi d Def aul t Handl er (voi d)

{
}

/******************************************************************************

Functi on Nane : Initiali seMSCANO8
Engi neer : R38917

Dat e : 10/ 02/ 00

Par aneters : None

Ret ur ns : None

Not es :

LEE R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEY]

void InitialiseVMSCANO8(voi d)
{
AZ60_MSCANO8. cner 0. bit.sftres = 1; //put CAN nodule in soft reset

AZ60_MSCANO8. cbtr 0. byte CBTO_125K;
AZ60_MSCANOS. chtr 1. byte = CBT1_125K;

AZ60_MSCANO8. ci d. nt. | = OxFFFFFFFF; /laccept all nessages
AZ60_MSCANOS8. cntr 0. bit.sftres = 0; I/ rel ease CAN nodul e from soft reset
AZ60_MSCANO8. crier.bit.rxfie = 1; //enabl e CAN receive interrupts

whi | e(! AZ60_MSCANO8. cner 0. bi t. synch)
; //wait for CAN bus to synchronize

/******************************************************************************
Task Nane : Ti mer B Overfl ow

Engi neer : R29414

Dat e :

Par aneters : none

Ret ur ns : none

Not es : Overflow period set at 1ns.

LEE AR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEY]
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/* Hiware conpiler */

#pragma TRAP_PROC

void TI MBOVF_I SR (voi d)

{

i f (LoopCont rol Ti me<LOOP_CONTROL_PERI OD)

{
}

el se

{

}

LoopCont rol Ti ne++;

LoopCont r ol Ti ne=0x00;
Syst enfl ags. bit. | oopcontrol =0;
Schedul el ndex++;

if (Schedul el ndex >=13)
{

Schedul el ndex = 0x01;
}

if (DenoMode == BROADCAST)
{

if (SystenFlags. bit.updowncontrol

{

Br oadcast | ndex++;

Br oadcast | ndex- - ;

if (Systenflags.bit.starttimeout == 1)

{

}

i f (Timeout Count <TI MEOUT_PERI OD)
{

}

el se

{

Ti meout Count ++;

Systenfl ags. bit.linnmsgti neout =1;

/* Clear Interrupt flag */
AZ60_TI MER. t bsc. byte &= ~TOF;

} /1 End of ISR

Code Listings
Master Code — Master08.C

/1 Loop control tiner tinmeout
/1 LoopControl Period set in header file

/'l Reset LoopControl Ti me
/1 Cear systemflag
/1 I'ncrenent Schedul e Tabl e | ndex

/! Reset Schedul e | ndex

== 0)

/1 Tinmeoutperiod set in header file

/1 Set Tineout flag

/! Read TBSCO and wite 0 to CHOF

1B E RS R R R R R R R R R R R R R R

Function Nanme : CANRXI SR
Engi neer : R38917
Dat e 10/ 02/ 00
Par anet ers : None
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Ret ur ns : None
Not es : CAN nessage received interrupt service routine

******************************************************************************/

#pragma TRAP_PROC

voi d CANRx_I| SR(voi d)

{
Systenfl ags. bit.nsgrxd = 1

AZ60_MSCANO8. crflg. bit.rxf = 1; /lclear interrupt flag
} /7 End ISR

5.2 Master Code - MASTERO08.H

/******************************************************************************

Copyright (c)

Fil e Nane : MASTER08. C

Engi neer : R29414

Location : EKB

Date Created : 07/ 02/ 2000

Current Revision : $Revision: 1.0 $

Not es : LI N driver header file

R R R R R R R R R R

Freescale reserves the right to nake changes without further notice to any
Product herein to inprove reliability, function or design. Freescale does not
assunme any liability arising out of the application or use of any product,
circuit, or software described herein; neither does it convey any |license

under its patent rights nor the rights of others. Freescale products are not
desi gned, intended, or authorized for use as conponents in systenms intended for
surgical inplant into the body, or other applications intended to support life,
or for any other application in which the failure of the Freescale product
could create a situation where personal injury or death may occur. Shoul d

Buyer purchase or use Freescale products for any such unintended or

unaut hori zed application, Buyer shall idemify and hold Freescale and its
officers, enployees, subsidiaries, affiliates, and distributors harmnl ess

against all clains costs, dammges, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claimof personal injury or death
associ ated with such unintended or unauthorized use, even if such claimalleges
that Freescale was negligent regarding the design or manufacture of the part.
Freescale and the Freescale | ogo* are registered trademarks of Freescale, Inc.
************************************************************************************/
#i f ndef MASTERO8CODEREVI EW H

#def i ne MASTERO8CODEREVI EW H

R R R S R R i R R R R R R R R R R R
/ System I nclude Files /

/************************* PI’OJ ect Include FI|eS *****************************/
#i ncl ude "c:\ header_fil es\ hc08\comon. h" /1 comon data structure
#i ncl ude "c:\header_fil es\hc08\nscan08. h" /1 common data structure

/************************* LJser #mflnes *************************************/

/* Timrer period Control */
#defi ne LOOP_CONTROL_PERI CD 150
#defi ne TI MEQUT_PERI CD 10
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khkkkhkkhkhkhkhkhkhkhkdkhkhhkhkhhkdkdkkhk EEEEEEEEEEEEEEEEEEEEREEEEEREEREEEEEEEEEEEEEES]
/ typedef s /

typedef struct Sl aveNodeMsgStruct

{
t Uo8 WiteMsg;
t U08 ReadMsg;
} Sl aveNodeMsgType;

typedef struct Sl aveMsgBufferStruct

t Uo8 Byt eO;
t U08 Byt el;

} Sl aveMsgBuf f er Type;

typedef union

{
t U08 byt e;

struct
{
t U08 nsgrxd: 1; //target connection established
t U08 | oopcontrol :1; //Loop control flag
t U08 updowncontrol :1; /1 Broadcast nessage up down flag O=
t U08 cannode : 1; //Flag indicates nbde. Standal one
tuU08 |innsgti meout :1; //LIN timeout. Tineout =1, K=20
tU08 starttimeout :1; //LIN tineout. Tineout =1, K=0
tUo8 : 2; /1 not used
}bit;

}t FLAG

II%
Ilg

typedef enum

{
DEFAULT,
BROADCAST,
| DENT,
SLEEPMODE

} DenoModeType_t;

enunt MC33388

{

SLEEP,
SLEEP_RQ
RX_ONLY,
NORMAL

I

[ REK KKKk kX Kk ok kkkxkkkkkkxkk fDaf | nEg KX I KK KR ARk k ok ok ok kkkk ok ok ok Rk k ok ok ok Rk kk ok ok ok Kk k ok ok koK [

/* Timrer period Control */
#def i ne NODE_CONNECTED 0x80
#defi ne NO_NODE 0x00

#define CBTO_125K 0xC0
#define CBT1_125K 0xD8 //based on a 4MHz xtal, 3 sanpling points, SIW= 4

#def i ne MSCAN_TXO 0x01
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#def i
#def i

#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i

ne
ne

ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

MBCAN_TX1
VBCAN_TX2

LEDO_ON
LEDL_ON
LED2_ON
LED3_ON
LED4_ON
LED5_ON
LED6_ON
LED7_ON
ALL_LEDS_ON
ALL_LEDS CFF
GREEN_LEDS_ON
RED_LEDS ON

/* command bytes */
SLAVE_LEDS_COWAND 0x01
BROADCAST_COMVAND  0x02
CLOCK_LEDS_COWWAND 0x03

#def i
#def i
#def i
#def i
#def i
#def i
#def i

ne
ne
ne
ne
ne
ne
ne

| DENT_COMVAND
SLEEP_COVMAND
ALI VE_COVMAND
ALI VE_BYTE

0x02
0x04

0x01
0x02
0x04
0x08
0x10
0x20
0x40
0x80
0x00
OxFF
OxOF
OxFO

0x04
0x08
OxOF
OxXAD

[ REK KKK KA KK KKK KX KKk h kA ** \POr OS FFF XX Fhkkkkhk ok ke ok kkhk ok ok kkxh ok ok ok k kX hk ok kkk ok kkokkok [

R S R khkkkhkhkhkhkhkhkhkdkhkhkhhkhhkdhkhkhhhhrkdhrdkrhrkhrdhrdhhhddxx
/ Pr ot ot ypes /

void MCU nitialisation (void);
voi d Schedul eTabl elnit (void);
voi d Schedul eMsg (void);

voi d Def aul t MsgHandl er
voi d Broadcast MsgHandl er (void);
voi d | dent MsgHandl er (voi d);

voi d TXxCANMBg (tU08 * |

(voi d)

tU16);

voi d CommonMsgHandl er (voi d);

voi d TxCANBuf f er (t TXBUF * ,tU08);
voi d Set MC33388Mbde( enum t MC33388) ;
voi d Sl eepHandl er (void);

voi d StatusRequest Handl er (voi d);
voi d ModeSel ect (voi d);
voi d Def aul t Handl er (voi d);
void InitialiseVMSCANO8(void);
voi d LINTransmt(tU0O8

tuo8, tuo8 *);

#endi f/* End of Header file ifndef*/

5.3 Slave Code — SLAVEQS8.C

/******************************************************************************

Copyright (c)

File Name SLAVEOQS8. C
Engi neer TTZ740
Proj ect SAE Denp Proj ect
Locati on EKB
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Dat e Created : 27 January 2000
Current Revision : $Revi sion: 1.0
Functi ons

Tasks

R R R R R EY

Freescale reserves the right to nake changes without further notice to any
Product herein to inprove reliability, function or design. Freescale does not
assune any liability arising out of the application or use of any product,
circuit, or software described herein; neither does it convey any |license

under its patent rights nor the rights of others. Freescale products are not
desi gned, intended, or authorized for use as conmponents in systenms intended for
surgical inplant into the body, or other applications intended to support life,
or for any other application in which the failure of the Freescale product
could create a situation where personal injury or death may occur. Should

Buyer purchase or use Freescale products for any such uni ntended or

unaut hori zed application, Buyer shall idemify and hold Freescale and its
officers, enployees, subsidiaries, affiliates, and distributors harnless
against all clainms costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claimof personal injury ordeath
associ ated with such unintended or unauthorized use, even if such claimalleges
that Freescale was negligent regarding the design or nmanufacture of the part.
Freescale and the Freescale | ogo* are registered trademarks of Freescale Inc..

LA EEE R SRR R R R R R R R R R AR R R R LY

khkkkhkkhkhkhkhkhkhkhkdkhkhkhkhkhhkdkhkkkk 1 PR R R EEEEEEEEEEEEEEEEEEEEEEES]
/ System I nclude Files /

#i ncl ude " SAEdeno. h" /I demo header file

#i ncl ude <l inapi.h> //1in driver ap

#i ncl ude <port. h> /lport registers definitions
#i ncl ude <sim h> //systemregister definitions
#i ncl ude <kbd. h> //register definitions

#i ncl ude <si.h> /lregister definitions

#i ncl ude <tinmer.h> //register definitions

[ Rx KKKk kR XKk kkkkxkkkkkkxk* Dacl arati QNS FHRFFF KKk Kk kkkkok ok ok kkkk ok ok ok kkkk ok ok ok ok kkokkk [

JREK KKK KRR KKk k kKX Kk kkkkxkkkk H daf | nE@g FHFFEI KKK A ARk Kk k kAR kkkkkkhkk ok kkkhkkkk [

#define AZ60 (*(t PORT *) (0x0000) )
#define SIM (*(tSIM *) (0xFEO0) )
#define KBD (*(t KBD *) (0x001A) )
#define S| (*(tsl *) (0x0010))
#define TIMER (*(tTIMER  *)(0x0020))

/************************* typedefs ******************************************/

t ypedef union

{

t U08 byt e;

struct
{
t U08 enabl eTi neout 01 /1 enabl e defautl node tineout
t U08 enabl eExt er nal 0 1; I/ enabl e external timeout
t U08 di sabl eWaketi ne 01
t Uo8 . 5; /I not used
}bit;

}t FLAG
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enum t MC33388
{
SLEEP,
SLEEP_RQ
RX_ONLY,
NORVAL
b

khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhddkhkhx 1 khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkrkhkhkhkhrhrhkhkkkkdk
/ d obal Vari abl es /

t FLAG Syst enfl ags;

t U08 REDTI M i cks = O;

t U08 GREENTI Micks =0
t U08 EXTERNTI M i cks =
t U08 TIMicks = 0;

t U08 MsgSent [ 2] ;
t U08 MsgRevd[ 2] ;

t U16 WakeupTi meout = O;

/************************* Pr ot otypes ****************************************/

/******************************************************************************

Function Nanme
Engi neer
Dat e

Par anet ers
Ret ur ns
Not es

Set MC33388Mbde
r38917
11/ 02/ 00

Mbde
None

******************************************************************************/

voi d Set MC33388Mode( enum t MC33388 Mode)

swi t ch( Mode)

case SLEEP:
AZ60. ptf. byte
br eak;

case SLEEP_RQ
AZ60. ptf. byte
br eak;

case RX_ONLY:
AZ60. ptf. byte
br eak;

case NORMAL:
AZ60. ptf. byte
br eak;

defaul t:

}
}

0: /1 STB=EN=0
PTF3; /1 STB=0, EN=1
PTF4; /1 STB=1, EN=0
PTF4| PTF3; /1 STB=EN=1

/******************************************************************************

Functi on Nane
Engi neer

Rot ati ng LEDs message

TTZ740
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Dat e : 10/ 02/ 00
Par anet ers : None

Ret ur ns : None

Not es :

******************************************************************************/

voi d Rot ati ngHandl er (voi d)

{
i f((MsgRevd[ 1] & RED LED MASK) != RED LED MASK)
REDTI M i cks = 0; //reset red tineout period

i f((MsgRevd[1] & GREEN LED MASK) != GREEN _LED_MASK)

GREENTI M i cks = 0; //reset green tineout period
Syst enFl ags. bi t. enabl eTi meout = 1;
AZ60. ptb. byte = MsgRcvd[ 1] ; //send data to portb to switch on LEDs
}
/******************************************************************************
Function Nane : Broadcast nessage
Engi neer : TTZ740
Dat e : 10/ 02/ 00
Par anet ers : None
Ret ur ns : None
Not es :

LR R R R R R R R R R R R LRy

voi d Broadcast Handl er (voi d)

{
Syst enfl ags. bi t. enabl eTi reout = 0;
AZ60. ptb. byte = ~MsgRcvd[ 1] ; //output data byte to port
}
/******************************************************************************
Function Nane : Ext ernal LED nessage
Engi neer : TTZ740
Dat e : 10/ 02/ 00
Par anet er s : None
Ret ur ns : None
Not es :

K K ko kK Kk ok kK Kk ok ok kR Kk ok ok kR R Rk Rk kR Rk kR ok kR Rk kR ok kR Rk kR ok ok ok Rk ok k ok kR Rk ok k ok ok ok Rk ok ok ok kK

voi d External Handl er (voi d)

EXTERNTI M i cks = 0; //reset external tineout period
Syst enfl ags. bi t. enabl eExternal = 1;
AZ60.pte.bit.pted = 1; //switch on external LED
}
/******************************************************************************
Function Nane : MsgHandl er 4
Engi neer : TTZ740
Dat e : 10/ 02/ 00
Par anet ers : None
Ret ur ns : None
Not es :

LR R R R R RS R R R R R R R R Ry

voi d | dentifyHandl er(voi d)
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{
Syst enfl ags. bi t. enabl eTi neout = 0;
AZ60. pt b. byte = ~nodel D; //display node I D on LEDs
}
/******************************************************************************
Functi on Nane : Sl eepHandl er
Engi neer : r 38917
Dat e : 11/ 02/ 00
Par anet ers : None
Ret ur ns : None
Not es :

******************************************************************************/

voi d Sl eepHandl er (voi d)

{

AZ60. ddr f . byt e = DDRF3| DDRF4; // enabl e PTF pins as out put

AZ60. pte.bit.pte3 = O; //disable UPL interface

Set MC33388Mbde( NORMAL) ; //MC33388 can't be put to sleep from Vbat

/I st andby node
Set MC33388Mbde( SLEEP_RQ) ;

Set MC33388Mode( SLEEP) ;

whi | e(1)
; /1 placi ng MC33388 into SLEEP npde switches off the Vreg
}
/******************************************************************************
Function Nane : Def aul t Handl er
Engi neer : r 38917
Dat e : 11/ 02/ 00
Par aneters : None
Ret ur ns : None
Not es :

******************************************************************************/

voi d Def aul t Handl er (voi d)
{
}

/******************************************************************************

Message handl er vector table
******************************************************************************/

void (* const MsgHandl erTable[])() =
{
Def aul t Handl er,
Rot at i ngHandl er,
Br oadcast Handl er,
Ext er nal Handl er,
I denti f yHandl er,
Def aul t Handl er,
Def aul t Handl er,
Def aul t Handl er,
Sl eepHandl er,
Def aul t Handl er,
Def aul t Handl er,
Def aul t Handl er,
Def aul t Handl er,
Def aul t Handl er,
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Def aul t Handl er
Def aul t Handl er

b
/******************************************************************************
Task Nane : LINInitialise
Engi neer : TTZ740
Dat e :
Par aneters : none
Ret ur ns : none
Not es : LIN driver tiner setup causes output conpare pins to toggle

whi ch creates a conflict with the hardware design

******************************************************************************/

void LINnitialise(void)

{
LIN_Init(); /linitialise LINdriver

TI MER t ascO. byte = TI MER tascO. byte & OxF3
TIMER tascl. byte = TI MER tascl. byte & OxF3

/******************************************************************************
Task Nane : LI N\Makeup

Engi neer : TTZ740

Dat e :

Par aneters: none
Ret ur ns : none
Not es : Initial hardware design used the UPL interface, which is
: not conpatible with the LIN protocol for bus wakeup, hence
a custom wakeup routine is required for the UPL interface

******************************************************************************/

voi d LI Nwakeup(voi d)
{

Sl.sci.sccl.bit.ensci 0; /'l disable SC

Sl.sci.scbr.bit.scr = 1; // 10400 baud
Sl.sci.scbr.bit.scp = 1, // 10400 baud
Sl.sci.sccl.bit.ensci = 1; /'l enabl e SC
Sl.sci.scc2.bit.te = 1; // enable transmt

while (SI.sci.scsl.bit.scte == 0)

Sl.sci.scdr = OxAA; /1 send wake up

while (SI.sci.scsl.bit.tc == 0)

LINInitialise(); /linitialise LINdriver
}
/******************************************************************************
Task Nane : initialise
Engi neer : TTZ740
Dat e :
Par aneters : none
Ret ur ns : none
AN2103
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Not es

******************************************************************************/

void initialise (void)

{
tuo8 i = 0;
SI M config2. byte = 0x11; /1 di sabl e CAN nodul e, enabl e AZ node
KBD. confi gl. byte = 0x71; // di sabl e COP
AZ60. ptb. byte = ALL_LEDS CFF; //port b LEDs switch off
AZ60. ddr b. byt e = OxFF; //set port b to output
Syst enfl ags. byte = 0; //reset the system flags
LINInitialise();
TI MER. t sc. byte = 0x54; //enabl e ovf interrupt, rst counter and /16 prescaler
TI MER. t nod. word = Ox003E; //1nS overflow based on 4MHz xtal
AZ60. pte. byte = PTE3; //enabl e UPL device, switch off external LED
AZ60. ddre. byt e = DDRE3| DDRE4;
for (i = 0; i < OxFF; ++i)
; //delay for UPL to switch on
}

/******************************************************************************

Task Nane : mai n
Engi neer : TTZ740
Dat e :

Par aneters : none
Ret ur ns : none
Not es :

LEE R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEY]

void main( void )

initialise(); /linitialisation routine
asmcli; //enabl e global interrupts
while( 1)
{
MsgSent [ 0] = nodel D //data bytel to be sent is node ID
MsgSent [ 1] = AZ60. pt d. byt e; //Data bytel to be sent is switch status
LI N_Put Msg( MESSAGESEND, MsgSent); //send data to data buffer
if (LIN_MsgStatus(MESSAGESEND) != LI N_MSG_NOCHANGE)
{
WakeupTi neout = 0; //reset wakeup tinmeout
}

if (LIN_MsgStatus(MESSAGERECEI VE) == LIN OK)//if new nmessage

{
LI N_Get Msg( MESSAGERECEI VE, MsgRcvd); //read the nessage

MsgHandl er Tabl e[ (MsgRcvd[ 0] & OxOF)]();//call subroutine for appropriate comrand

WakeupTi neout = 0; //reset wakeup timeout
}

if (LIN_MsgStatus(BROADCASTRECEI VE) == LIN_OK)//if new broadcast nessage
{
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LI N_Get Msg( BROADCASTRECEI VE, MsgRcvd); //read the nessage
MsgHandl er Tabl e[ (MsgRcvd[ 0] & OxOF)](); //call subroutine for appropriate conmand

WakeupTi neout = 0; //reset wakeup tinmeout
}
}

}
/******************************************************************************
Task Nane : PIT_I SR
Engi neer : TTZ740
Dat e :

Par anmeters : none
Ret ur ns : none
Not es :

LR R R R R R R R R R R R R R Ry

#pragma TRAP_PROC

void PIT_I SR(voi d)

{
i f(Systenfl ags. bit. enabl eTi meout)
{
i f (REDTI M i cks < REDTI MPeri od) //check if tineout period for red LEDs has expired
{
REDTI M i cks++; /lincrement ticks
}
el se
{
AZ60. ptb. byte | = RED_LED MASK; //switch off red LEDs
}
i f (GREENTI M i cks < GREENTI MPer i od) //check if tineout period for green LEDs has expired
{
GREENTI M i cks++; /lincrement ticks
}
el se
{
AZ60. ptb. byte | = GREEN_LED MASK; //switch off green LEDs
}

i f (AZ60. ptb. byte == ALL_LEDS OFF)
Syst enfl ags. bi t. enabl eTi reout = 0;

}
i f(Systenfl ags. bit. enabl eExt ernal)

{

i f (EXTERNTI M i cks < EXTERNTI MPeri od) //check if timeout period for external LEDs has expired
{
EXTERNTI M i cks++; /lincrement ticks
}

el se
{
AZ60. pte.bit.pted = 0; //switch off external LED
}

if(!AZ60.pte.bit.pted)
Syst enfl ags. bi t. enabl eExt er nal

1
e

}

if (!Systenflags. bit.di sabl eWaketine)
{
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i f (WakeupTi meout < TXWAKEUPMSG)
WakeupTi neout ++

el se
{
static tU08retry = 0
if (retry < 3)
{
WakeupTi neout = 0; //reset wakeup tineout
LI N\wakeup(); /lattenpt to wake up network
retry++,
}
el se
Syst enfl ags. bi t. di sabl eWaketine = 1
}
}
TIMER tsc.bit.tof = O; //clear the overflow fl ag

5.4 Slave Code — SLAVEO8.H

B R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEE SRR EEEEREEEEEEEEEEEEEEE R

Copyright (c)

File Name : SLAVEOQS8. C

Engi neer : TTZ740

Locati on : EKB

Date Created : 07/ 02/ 2000

Current Revision : $Revision:1.0 $

Not es : LIN driver header file

EEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEREEEEEREEREREREEREEREEREEEEEREESRERERESRERESRERERESRESESEESEESESE]

Freescale reserves the right to nake changes without further notice to any
Product herein to inprove reliability, function or design. Freescale does not
assune any liability arising out of the application or use of any product,
circuit, or software described herein; neither does it convey any |license

under its patent rights nor the rights of others. Freescale products are not
designed, intended, or authorized for use as conponents in systens intended for
surgical inplant into the body, or other applications intended to support life,
or for any other application in which the failure of the Freescale product
could create a situation where personal injury or death may occur. Should

Buyer purchase or use Freescale products for any such uni ntended or

unaut hori zed application, Buyer shall idemify and hold Freescale and its
officers, enployees, subsidiaries, affiliates, and distributors harnl ess
against all clainms costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claimof personal injury ordeath
associ ated with such unintended or unauthorized use, even if such claimalleges
that Freescale was negligent regarding the design or manufacture of the part.
Freescale and the Freescale | ogo* are registered trademarks of Freescale Inc.
************************************************************************************/
#i f ndef SLAVEO8_H

#defi ne SLAVEO8_H

/************************* #mfl nes ******************************************/

/* standard defs that may be defined by conpiler /
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#if 1defined( TRUE)

#def i
#def i

ne
ne

#endi f

#def i
#def i
#def i
#def i

#def i
#def i
#def i
#def i
#def i
#def i

#def i
#def i
#def i
#def i

ne
ne
ne
ne

ne
ne
ne
ne
ne
ne

ne
ne
ne
ne

TRUE 0x01
FALSE 0x00
N TRUE
OFF FALSE
YES TRUE
NO FALSE
RED_LED MASK
GREEN_LED_MASK
RED_LEDS_ON
GREEN_LEDS ON
ALL_LEDS_CFF
ALL_LEDS_ON

REDTI MPer i od
GREENTI MPer i od
EXTERNTI MPer i od
TXWAKEUPMSG

Freescale Semiconductor, Inc.

0Ox0F
OxFO0
OxFO
0Ox0F
OxFF
0x00

150
150
150
200

Schematic

Slave Code — SLAVEO08.H

// generates 150nS tineout (4MHz xtal)
/1 generates 150n6 tineout (4MHz xtal)
/1 generates 150nS tinmeout (4MHz xtal)

/************************* Pr Ot Otypes ****************************************/

#endi f

/* End of Header file ifndef */

6 Schematic
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