Parallel or Serial CAN
Connection Using External
CAN Standalone CAN
Controllers with the Motorola
M68HC908 Embedded
FLASH Microcontrollers

Designer Reference Manual

Digital DNA

from Motorola







Parallel or Serial CAN Connection
Using External CAN Standalone CAN
Controllers with the Motorola
M68HC908 Embedded FLASH
Microcontrollers

By: Peter Dilger
Ing.-Buro Dilger
Kohlgasse 20
D-77743 Neuried
Germany

Telephone: +49 (0) 7807 955 432

Fax: +49 (0) 7807 955 432
Email: ib.dilger@t-online.de
Web: www.ib-dilger.de

Motorola and ¢, are registered trademarks of Motorola, Inc.

DigitalDNA is a trademark of Motorola, Inc. © Motorola, Inc., 2001

Parallel or Serial CAN Connection Designer Reference Manual

MOTOROLA

3



Designer Reference Manual

Designer Reference Manual

Motorola reserves the right to make changes without further notice to any products
herein. Motorola makes no warranty, representation or guarantee regarding the
suitability of its products for any particular purpose, nor does Motorola assume any
liability arising out of the application or use of any product or circuit, and specifically
disclaims any and all liability, including without limitation consequential or incidental
damages. "Typical" parameters which may be provided in Motorola data sheets and/or
specifications can and do vary in different applications and actual performance may
vary over time. All operating parameters, including "Typicals" must be validated for
each customer application by customer's technical experts. Motorola does not convey
any license under its patent rights nor the rights of others. Motorola products are not
designed, intended, or authorized for use as components in systems intended for
surgical implant into the body, or other applications intended to support or sustain life,
or for any other application in which the failure of the Motorola product could create a
situation where personal injury or death may occur. Should Buyer purchase or use
Motorola products for any such unintended or unauthorized application, Buyer shall
indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and
distributors harmless against all claims, costs, damages, and expenses, and
reasonable attorney fees arising out of, directly or indirectly, any claim of personal
injury or death associated with such unintended or unauthorized use, even if such claim
alleges that Motorola was negligent regarding the design or manufacture of the part.
Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

Parallel or Serial CAN Connection

4

MOTOROLA



Designer Reference Manual — Parallel or Serial CAN Connection

List of Sections

Section 1. General Description .................... 17

Section 2. Overview of Embedded

FLASHMCUs Used .................. 23
Section 3. Printed Circuit Board Structure........... 37
Section 4. Pin Assignments and Jumper Settings ... .41
Section 5. Jumper Description .................... 45
Section 6. Working with the Reference Design ....... 55

Section 7. Circuit Description

of the Monitor Mode Area . . ........... 61
Section 8. Software Description ................... 63
Appendix A. Bill of Materials and Schematic......... 73
Appendix B. Flowcharts and Source Code Files . .. ... 87

Appendix C. Motorola Embedded CAN

MCU Selector Guide. . ............... 153
Appendix D. MC33388 Motorola CAN Interface .. .. .. 155
Parallel or Serial CAN Connection Designer Reference Manual

MOTOROLA List of Sections 5



List of Sections

Designer Reference Manual Parallel or Serial CAN Connection

6 List of Sections MOTOROLA



Designer Reference Manual — Parallel or Serial CAN Connection

11
1.2

1.3

13.1
1.3.2
1.3.3

2.1
2.2
2.3
2.3.1

2.3.2
2.3.3

2.3.4
2.3.5
2.4

24.1

2.4.2
2.4.3

24.4
2.4.5

Parallel or Serial CAN Connection

Table of Contents

Section 1. General Description

CoNteNtS . . .. 17
Introduction. . . ... . 17
Reference Design Overview. . ..., 20

Option 1: MC68HC908GRS8 + MCP2510 + MC33388. . . . . 20
Option 2: MC68HC908GP32 + MCP2510 + MC33388. .. .21
Option 3: MC68HC908GP32 + SJA1000 + PCA82C250 . .21

Section 2. Overview of Embedded
FLASH MCUs Used

CoNntents . . ... 23
Introduction. . . ... 23
MCB8BHCO08GRS . . . ... e 24
MC68HC908GR8 Application Notes
and Engineering Bulletins. . . ..................... 28
MC68HC908GR8 Development Tool Kits. . . ........... 28
MC68HC908GRS8 Individual Development
Tool Components. . ..., 29
MC68HC908GRS8 Package Options . . . . .............. 29
MC68HC908GR8 Sample Packs .................... 29
MCB8BHCO08GP32 . . . .. 30
MC68HC908GP32 Application Notes
and Engineering Bulletins. . . ......... ... ... ... 34
MC68HC908GP32 Development Tool Kits. . . .......... 34
MC68HC908GP32 Individual Development
Tool Components. . ... 35
MC68HC908GP32 Package Options ... .............. 35
MC68HC908GP32 Sample Packs ................... 35

Designer Reference Manual

MOTOROLA

Table of Contents 7



Table of Contents

3.1
3.2
3.3
3.4
3.5

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

5.1
5.2
5.3
5.4
5.5
5.6

Designer Reference Manual

Section 3. Printed Circuit Board Structure

CoNntents . . . ... 37
Introduction. . . ... . 37
Monitor Mode Interface (Area l). . ..., 38
Controller (Area2) ... .o 39
Application (Area 3) ... ..o 39

Section 4. Pin Assignments and Jumper Settings

CoNntents . . ... 41
Introduction. . . ... 41
Supply Voltage X3 . .. ... 42
Monitor Mode X2 .. ... 42
SCI XL 42
CANL XS, . 43
CANZ XA, 43
Motor SVS. . . 44

Section 5. Jumper Description

Contents . . ... 45
Introduction. . . ... .. 45
Jumpers in the Monitor Mode Area. . . ................... 45
Jumpersinthe ControllerArea. ... ..................... a7
Jumpers in the Application Area. . ...................... 49
Motor Driver L6202. . . ... ... 53

Parallel or Serial CAN Connection

8

Table of Contents MOTOROLA



Table of Contents

Section 6. Working with the Reference Design

6.1 Contents. ........ . 55
6.2 Introduction. . ......... ... ... 55
6.3  Connecting the CPU to the CAN Controller . .............. 55
Section 7. Circuit Description
of the Monitor Mode Area
Section 8. Software Description
8.1 CoNtentsS. ... ... 63
8.2 Introduction. . ... ........ .. ... 63
8.3 CodeWarrior IDE .. ........... . 64
8.4 Module Description. . ... 65
8.4.1 MCU Selecth...... ... ... ... .. . . . . ... 65
8.4.2 CAN Driver.C. . ... 68
8.4.3 MCU_Hardware_Description_ HCO8.h ................ 69
8.4.4 MCU_Assembler_Instruction.h . ..................... 69
8.4.5 Hardware HCO8.C. ... ..... ... ... . ... 69
8.4.6 IRQtab.C....... ... . 69
8.4.7 CAN Controller.h . ....... ... . 70
8.4.8 CAN_Controller_SJA1000.C.......... .. ... 70
8.4.9 CAN_Controller MCP2510.C...............cvv.... 71
8.4.10 cptest.C. ... 71
Appendix A. Bill of Materials and Schematic
Appendix B. Flowcharts and Source Code Files
B.l  Contents. ........ . 87
B.2 Introduction. . .......... ... 87
B.3 Flowcharts .......... ... .. .. . . . 88
B.4 SourceCodeFiles ............ .. i 91

Parallel or Serial CAN Connection

Designer Reference Manual

MOTOROLA

Table of Contents 9



Table of Contents

Designer Reference Manual

D.1
D.2
D.3
D.4

D.5

D.5.1
D.5.2
D.5.3
D.5.4

D.6
D.6.1
D.6.2
D.6.3
D.6.4
D.6.5
D.6.6
D.6.7
D.6.8
D.6.9
D.6.10
D.6.11
D.6.12
D.6.13
D.6.14
D.6.15

Appendix C. Motorola Embedded CAN
MCU Selector Guide

Appendix D. MC33388 Motorola CAN Interface

Contents . . ... 155
Introduction. . ... 156
Features . . ... ... 157
Pin Connections and Ordering Information. . ............. 158
Electrical Characteristics . .......... ... ... ... 159
Maximum Ratings. . .. ...t 159
Thermal Ratings. .. ... 159
DC CharacteristiCs . . .. ...t 160
AC CharacteristicCs . . . ... ..o s 163
Device DesCription . .. ... 165
Packaging. . ... 165
Transmitter Function .............. ... .. ... . ... 165
Receiver Function . ............ ... .. ... ... .. ..... 166
Noise Filtering . ... .o 166
Device OperationModes .. ........... ... 166
Operation Modes . . ..., 168
System PowerOn .......... . . ... 169
VppResetFunction . ............... ... ... .. ... ... 170
BatteryFailFlag. .. ........ .. 170
Bus Failure Detection. . . .......................... 170
TX Permanent Dominant Detection . . . ............... 171
Behavior Under Faults Condition. .. ................. 171
Detailed Description of Error Detections . ............. 171
Wakeup Events . ...... ... .. .. . . . 173
Fault Operation Table. . ........................... 173

Parallel or Serial CAN Connection

10

Table of Contents MOTOROLA



D.7
D.7.1
D.7.2
D.7.3
D.7.4
D.7.5
D.7.6
D.7.7
D.7.8
D.7.9
D.7.10
D.7.11
D.7.12

D.8

D.9

D.9.1
D.9.2
D.9.3
D.9.4

D.10

Parallel or Serial CAN Connection

Table of Contents

Pin Function Description. . .. ....... ... ... 174
Vear (Input) . ..o 174
Vpp (INput) . . . ..o 174
CANH . .. 174
RTH . 175
CANL . . 175
RTL. o 175
STBandEN . ...... ... . . i 176
INH . 176
WAKE. . . 176
X 177
RX 177
NERR . ... 177

Application . . ... 178

Electromagnetic Compatibility ........................ 180
EMINOISE. . ... 180
EMC Susceptibility Performances . .................. 181
Susceptibility Evaluation withBCI ................... 182
Results . ... 182

Case Outline DiIimensions . . . .. ... .ot 183

Designer Reference Manual

MOTOROLA

Table of Contents 11



Table of Contents

Designer Reference Manual Parallel or Serial CAN Connection

12 Table of Contents MOTOROLA



Designer Reference Manual — Parallel or Serial CAN Connection

List of Figures

Figure Title Page
1-1  Motorola CAN Reference Design Board. .. ............... 19
1-2  Partitioning of the Reference DesignBoard . .. ............ 19
1-3  Option 1: Block Diagram Using the MC68HC908GRS . . . . ... 20
1-4  Option 2: Block Diagram Using the MC68HC908GP32

with a Serial Controller. . . ........ ... ... . .... 21
1-5 Option 3: Block Diagram Using the MC68HC908GP32

with a Parallel CAN Controller. . . .................... 21
2-1 MC68HC908GRS8 Block Diagram . . .. ................... 25
2-2  MC68HC908GP32 Block Diagram . .. ................... 31
3-1 Motorola CAN Reference Design Board Modules .......... 38
5-1  Jumper ConnectionsS. . . ... oottt 50
5-2 TPL1Example ......... e 52
5-3 Motor Control Circuitry . ... 52
5-4  Motor Layout. . . . ... 54
6-1 MCP2510Block Diagram . .............ciiiiinnenn... 56
6-2 BlockDiagramMC33388 .. ......... ... 57
6-3  Block Diagram MC68HC908GRS8

and MC68HC908GP32 + MCP2510 + MC33388 . ....... 57
6-4  Block Diagram SJAL1000. . ... 58
6-5 Block Diagram of M6BHC908GP32 Connection

to Philips SJAL1000. . . . . ... 59

Parallel or Serial CAN Connection

Designer Reference Manual

MOTOROLA

List of Figures 13



List of Figures

Designer Reference Manual

Figure Title Page
8-1 Option 1 — MC68HC908GR8 and MCP2510 ............. 66
8-2 MCG68HC908GP32and MCP2510 . ..................... 67
8-3 MC68HC908GP32 and SJA1000. . ........ccvvvvu... 68
A-1 Sheet 1 of CAN Reference Design Schematic

With MAX232 . .. e 80
A-2  CAN Reference Design Schematic with MC145487......... 81
B-1 CAN Reference Design Flowchart . ..................... 88
D-1 Simplified Block Diagram . . .......................... 157
D-2 PinConnectionS . .. ... it 158
D-3 Device Signal Waveforms. .. ........... ... ... ... 164
D-4 Test Circuit for AC Characteristics . . .. ................. 164
D-5 State Machine and Operation Modes. . ................. 167
D-6 Typical Application Schematic ........................ 178
D-7  Minimum Application Schematic. . ..................... 180
D-8 Typical Common Mode Glitch Measured

atCANLand CANH. ........ ... ... ... .. .. . . ... 181
D-9  Minimum Susceptibility Level with Modulation . ........... 183
D-10 Minimum Susceptibility Level without Modulation. . . ....... 183
D-11 Outline Dimensions for Case 751A-03.................. 184

Parallel or Serial CAN Connection

14

List of Figures MOTOROLA



Designer Reference Manual — Parallel or Serial CAN Connection

Table

2-1
2-2
2-3

2-5
2-6

5-1
5-2
5-3
5-4
5-5
5-6

5-7
5-8

6-1

8-1
A-1
C-1
D-1

D-2
D-3

Parallel or Serial CAN Connection

List of Tables

Title Page
MC68HC908GRS8 Features and Benefits . . ... ............ 26
MC68HC908GR8 Package Options.. . . . ................. 29
MC68HC908GR8 Sample Packs . . ..................... 29
MC68HC908GP32 Features and Benefits . . .. .. .......... 32
MC68HC908GP32 Package Options . . . ................. 35
MC68HC908GP32 Sample Packs .. .................... 35
MC68HC908GRS8 in Monitor Mode Block. . . .............. 46
MC68HC908GP32 in Monitor Mode Block . . .. ............ 46
MC68HC908GRS8 in Controller Area. . .. ................. 47
MC68HC908GP32 in Controller Area. .. ................. 48
MC68HC908GP32 CAN Controller Selection. . ............ 48
MC68HC908GR8 and MC68HC908GP32
in Application Area. . . ... 51
Table of TestPoints (TP) . . ......... ... . ... 52
Switching Possibilities. .. ........ ... o o L 53
SJAL1000 Control BUS . . . . . oo 59
SJA1000 Addressand DataBus . ...................... 59
Clock Generation Configurations . . .. ................... 65
Billof Materials . . . . ... . 74
Embedded CAN Microcontroller Selector Guide .......... 154
Ordering Information. . .. ........ ... .. ... 158
Truth Table . . ... ... 168
Detail Fault Operation Table. .. ....................... 172
Truth Table of RXand TX CANBus States . . ............ 177

Designer Reference Manual

MOTOROLA

List of Tables 15



List of Tables

Designer Reference Manual Parallel or Serial CAN Connection

16 List of Tables MOTOROLA



Designer Reference Manual — Parallel or Serial CAN Connection
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1.2 Introduction

Section 1. General Description

1.2 Introduction. . . . ... ... e 17

1.3 Reference Design Overview. . ............. ... 20
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The low-cost controller area network (CAN) reference design described
in this document shows the coupling possibilities of both the Motorola
low-cost MC68HC908GR8 and MC68HC908GP32 to a CAN bus system
using either serial or parallel communication.

The M68HCO08 Family derivatives used in this design do not have an
internal CAN module. This method of combining a general-purpose
Motorola microcontroller unit (MCU) with a standalone CAN controller
illustrates how performance and flexibility can be achieved at a very low
cost. The method and software described here can, of course, be used
with many different members of the Motorola M68HCO08 Family which
allows you to choose different versions (depending on your system
needs) while completely reusing software and methods. A single
common MCU could then be used in both CAN and non-CAN platforms.
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General Description

Motorola also has the most extensive portfolio of FLASH- and ROM-
based integrated CAN 8-, 16-, and 32-bit MCUs in the world, with more
on the way! Appendix C. Motorola Embedded CAN MCU Selector
Guide shows an overview of these derivatives. More detailed
information can be found on the World Wide Web at:

http://www.motorola.com/semiconductors/

NOTE: Several more derivatives are in design, so check with your local
Motorola representative for details.

The hardware board developed to complement and demonstrate the
functionality of the design includes:

* A universal monitor debug interface
* An application area including:
— Sensors
— Push buttons
— Light-emitting diodes (LED)
— A motor driver which can simulate many applications

* An RS232 interface using the internal serial communications
interface (SCI) of the MCU which can be used to connect the
board to a personal computer

The printed circuit board illustrated in Figure 1-1 can be separated into
three areas to allow for “mix and match” reuse on further designs.
Partitioning of the reference design board is shown in Figure 1-2.
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Figure 1-1. Motorola CAN Reference Design Board
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Figure 1-2. Partitioning of the Reference Design Board
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General Description

1.3 Reference Design Overview

Depending on the user’s preferred configuration and cost targets, the
reference design uses either:

« The MC68HC908GRS8 8-K embedded FLASH controller in a
28-pin or 32-pin package, or

e The MC68HC908GP32 32-K embedded FLASH controller in a
40-pin, 42-pin, or 44-pin package

In all examples, the special characteristics of the two MCUs relevant to
this use are highlighted.

In both cases we have a simple 3-chip solution for coupling to the CAN
bus:
Microcontroller + CAN Controller +
CAN Transceiver (physical interface)

1.3.1 Option 1: MC68HC908GRS8 + MCP2510 + MC33388

Designer Reference Manual

MICROCONTROLLER CAN CONTROLLER CAN TRANSCEIVER
TXCAN
> CANL
MOTOROLA | SP' | microCHIP MOTOROLA CANH
MC68HCI08GRS MCP2510 MC33388 ‘ :
RXCAN

Figure 1-3. Option 1: Block Diagram Using the MC68HC908GR8

Communication between the MCU (MC68HC908GRS8) and the external
CAN controller (Microchip MCP2510) is done via the serial peripheral
interface (SPI) of the MCU. A minimum of four SPI pins of the controller
is used for the connection. This is an appropriate solution for low pin
count microcontrollers.

By using the higher integrated MC68HC908GP32, we can show two
variants. They are selected by the positioning of jumpers (15 and 2). See
1.3.2 Option 2: MC68HC908GP32 + MCP2510 + MC33388 and 1.3.3
Option 3: MC68HC908GP32 + SJA1000 + PCA82C250.
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MOTOROLA
MC68HC908GP32

SPI

1.3.2 Option 2: MC68HC908GP32 + MCP2510 + MC33388

CAN CONTROLLER

MICROCHIP
MCP2510

TxCAN

General Description
Reference Design Overview

CAN TRANSCEIVER

MOTOROLA
MC33388

CANL
CANH

__ RXCAN

Figure 1-4. Option 2: Block Diagram Using the MC68HC908GP32
with a Serial Controller

In this option, communication between the MCU and the external CAN
controller is also done via the SPI interface. Again, a minimum of four
SPI lines of the controller are used for the connection. This allows most
of the microcontroller 1/0Os (inputs/outputs) to be available for the
application.

1.3.3 Option 3: MC68HC908GP32 + SJA1000 + PCA82C250

MICROCONTROLLER CAN CONTROLLER CAN TRANSCEIVER

TxCAN

> CANL

PHILIPS CANH
PCA82C250

MOTOROLA

/0 PORT
MC68HC908GP32 o

PHILIPS
SJA1000

__ RXCAN

Figure 1-5. Option 3: Block Diagram Using the MC68HC908GP32
with a Parallel CAN Controller

The CAN controller used here has a parallel interface to the
microcontroller. A minimum of eight address data lines and four control
lines are necessary. Since the MC68HC908GP32 does not have an
external address and data bus, these are builtin 1/0 port functions and
software.
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General Description

The selection between the two CAN controllers (for example, the
MCP2510) and the SJA1000 is made possible by using jumpers (15 and
22). The allocation of the CAN controller and the CAN transceiver is
defined as follows:

e The MCP2510 is used together with the MC33388.
* The SJA1000 is used together with the PCA82C250.

The MC33388 is a fault tolerant CAN transceiver offering baud rates up
to 250 kbaud on the CAN bus. With the PCA82C250, baud rates up to
1 Mbaud are possible.

Designer Reference Manual Parallel or Serial CAN Connection
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This section provides an overview of the Motorola MC68HC908GR8 and
MC68HC908GP32 embedded FLASH microcontrollers (MCU) used in
this reference design.
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Overview of Embedded FLASH MCUs Used

2.3 MC68HC908GRS8

Designer Reference Manual

The MC68HC908GRS utilizes integrated second generation FLASH and
is enhanced with embedded, on-chip functions that eliminate the need
for external serial components. The 32-kHz phase-locked loop (PLL)
provides cost savings by replacing the need for expensive, high-speed
crystals or noisy oscillators. The on-chip timebase module (TBM) further
reduces costs by eliminating the need for external real-time clock and
wakeup circuitry. See Figure 2-1.

Other features are:

Analog-to-digital converter (ADC)

Serial communications interface (SCI)

Serial peripheral interface (SPI)

Low-voltage inhibit (LVI)

Computer operating properly (COP) watchdog timer

Table 2-1 provides an overview of the features and benefits of the
MC68HC908GR8 broken down by major components.
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Overview of Embedded FLASH MCUs Used

Table 2-1. MC68HC908GRS8 Features and Benefits

Features

Benefits

High-performance M68HCO08 central processor unit (CPU) core

« High-performance M68HCO08 central processor unit
(CPU) core

» 8-MHz bus operation at 5-V operation for 125 ns
minimum instruction cycle time

» 4-MHz bus operation at 3 V for 250 ns minimum
instruction cycle time

« Efficient instruction set including multiply and divide

« 16 flexible addressing modes including stack relative
with 16-bit stack pointer

* Fully static low-voltage, low-power design with wait
and stop modes

» Object code compatible with the M68HCO05 Family
 Easy to learn and use architecture
 C optimized architecture provides compact code

Integrated second generation FLASH memory

* In-application re-programmable

» Extremely fast programming, encoding 64 bytes in as
fastas 2 ms

* FLASH programming across the M68HCO08's full
operating supply voltage with no extra programming
voltage

» 10 K write/erase cycles minimum over temperature

100 K write/erase cycles typical

« Flexible block protection and security

« Cost-effective programming changes and field
software upgrades via in-application

» Reduces production programming costs through
ultra-fast programming

« Allows re-programmable battery-powered
applications

« Byte-writable for data as well as program memory

* Protects code from unauthorized reading and to
guard against unintentional erasing/writing of
user-programmable segments of code

8-bit analog-to-digital converter (ADC)

* Eight/six channels
* Single conversion in 17 ps

« Fast, easy conversion from analog inputs like
temperature, pressure, and fluid levels to digital
values for CPU processing

Clock generation module w

ith phase-locked loop (PLL)

» Programmable clock frequency in integer multiples of
external crystal reference

* Crystal reference of 32 kHz to 100 kHz

 External clock option with or without PLL

* Provides high performance using low-cost,
low-frequency reference crystals

» Reduces generated noise while still providing
high-performance (up to 32 MHz internal clock)

Four programmable 16-bit timer channels

* 125 ns resolution at 8 MHz bus
 Free-running counter or modulo up-counter

» Each channel independently programmable for input
capture, output compare, or unbuffered PWM

« Pairing timer channels provides a buffered PWM
function

Designer Reference Manual
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Table 2-1. MC68HC908GR8 Features and Benefits (Continued)

Features

Benefits

Timebase m

odule (TBM)

« Eight user-selectable periodic real-time interrupts
 Optionally operate in low-power stop mode

* Provides auto wakeup from low-power stop mode to
maintain real-time clock or check external device
status such as sensors

Serial communications interface (SCI)

* UART asynchronous communications system
* Flexible baud rate generator

* Double buffered transmit and receive

» Optional hardware parity check and generation

» Enables high-speed asynchronous communication

Serial peripheral interface (SPI)

* Full-duplex 3-wire synchronous transfers
» Maximum master bit rate of 4 MHz for 8 MHz system
clock

 High-speed synchronous communication between
multiple MCUs or between MCU and serial
peripherals

* Cost-effective serial peripheral expansion to
EEPROM, high-precision A/D and D/A converters,
real-time clocks, etc.

Computer operating properly (COP) watchdog timer

« Issues reset in the event of runaway code

Selectable trip point low-voltage inhibit (LVI)

 Improves reliability by resetting the MCU when
voltage drops below trip point

» Two trip points allow optimum operation in both 5 V
and 3 V nominal systems

* Integration reduces system cost

Up to 21 bidirectional

input/output (I/O) lines

» 10 mA sink/source capability on all I/O pins

* 15 mA sink capability on two 1/O pins

» Keyboard scan with selectable interrupts for four I1/O
pins

 Software programmable pullups on 13 I/O pins

« High-current 1/O allows direct drive of light-emitting
diodes (LED) and other circuits to eliminate external
drivers and reduce system costs

» Keyboard scan with programmable pullups
eliminates external glue logic when interfacing to
simple keypads

Parallel or Serial CAN Connection
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2.3.1 MC68HC908GRS8 Application Notes and Engineering Bulletins

For additional information, these reference documents are available:

In-Circuit Programming of 68HC908GR8 FLASH Memory,
Motorola order number EB368/D

Using MC68HC908 On-Chip Programming Routines, Motorola
order number AN1831/D

Creating Efficient C Code for the HC08, Motorola order number
AN2093/D

M68HCO8 Integer Math Routines, Motorola order number
AN1219/D

HCO05 to HCO08 Optimization, Motorola order number AN1218/D

Non-Volatile Memory Technology Review, Motorola order number
AN1837/D

Data Structures for 8-Bit MCUs, Motorola order number
AN1742/D

Noise ReductionTechniques for MCU-Based Systems, Motorola
order number AN1704/D

These documents and more are available on the World Wide Web at:

http://www.motorola.com/semiconductors/

2.3.2 MC68HC908GRS8 Development Tool Kits

Part Number Description

M68ICS08GR 68HC908GRx programmer/in-circuit debug kit
KITMMEVSO08GR Cost-effective real-time in-circuit emulator kit
KITMMDS08GR High-performance real-time in-circuit emulator kit

Designer Reference Manual
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2.3.3 MC68HC908GRS Individual Development Tool Components

Part Number Description

M68MMDS508 High-performance emulator
M68MMPFB0508 MMEVS platform board
M6BEML0O8GP32 Emulation module daughter board
M68CBLO5C Low-noise flex cable
M68TCO8GR8FA32 32-pin QFP target head adapter
M68TCO8GR8P28  28-pin DIP target head adapter
M68TQS032SAG1 32-pin TQ socket with guides
M68TQP032SAl 32-pin TQPACK

M68DIP28S0OIC 28-pin surface mount adapter

2.3.4 MC68HC908GRS8 Package Options
Table 2-2. MC68HC908GRS8 Package Options

Part Number Package Temperature
Range
MC68HC908GR8CFA 32-pin quad flat pack (QFP) —40°C to +85°C
MC68HC908GR8CP 28-pin plastic dual in-line (DIP) —40°C to +85°C

28-pin small outline

integrated circuit (SOIC) —40°C 10 +85°C

MC68HC908GR8CDW

2.3.5 MC68HC908GR8 Sample Packs
Table 2-3. MC68HC908GR8 Sample Packs

Part Number Package Temperature
Range
KMC908GR8CFA 32-pin quad flat pack (QFP) —40°C to +85°C
KMC908GR8CP 28-pin plastic dual in-line (DIP) —40°C to +85°C
28-pin small outline o o
KMCI08GRECDW integrated circuit (SOIC) —407C 1o +85°C

Parallel or Serial CAN Connection Designer Reference Manual
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2.4 MC68HC908GP32

The MC68HC908GP32 is a fully integrated MCU created to make
system design easier by eliminating external peripherals wherever
possible. The 32-kHz PLL eliminates the need for expensive, high-speed
crystals or noisy oscillators. The integrated second generation FLASH
memory programs up to 100 times faster than prior FLASH solutions and
offers in-application programming. See Figure 2-2.
Features include:

» Asynchronous serial peripheral interface (SPI)

* Asynchronous serial communications interface (SCI)

* Analog-to-digital converter (ADC)

* Auto wakeup from stop feature

* Low-voltage inhibit (LVI)

» COP watchdog timer

Table 2-4 provides an overview of the features and benefits of the
MC68HC908GP32 broken down by major components.

Designer Reference Manual Parallel or Serial CAN Connection
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Table 2-4. MC68HC908GP32 Features and Benefits

Features

Benefits

High-performance M68HCO08 central processor unit (CPU) core

» 8 MHz bus operation at 5 V operation for 125 ns
minimum instruction cycle time

* 4 MHz bus operation at 3 V for 250 ns minimum
instruction cycle time

« Efficient instruction set including multiply and divide

« 16 flexible addressing modes including stack relative
with 16-bit stack pointer

* Fully static low-voltage, low-power design with wait
and stop modes

» Object code compatible with the M68HCO05 Family
 Easy to learn and use architecture
 C optimized architecture provides compact code

Integrated second generation FLASH memory

« In-application re-programmable

» Extremely fast programming, encoding 64 bytes in as
fastas 2 ms

* FLASH programming across the M68HCO08's fully
operating supply voltage with no extra programming
voltage

» 10 K write/erase cycles minimum over temperature

100 K write/erase cycles typical

« Flexible block protection and security

« Cost-effective programming changes and field
software upgrades via in-application programmability
and re-programmaubility

» Reduces production programming costs through
ultra-fast programming

« Allows re-programmable battery-powered
applications

* Byte-writable for data as well as program memory

* Protects code from unauthorized reading and to
guard against unintentional erasing/writing of
user-programmable segments of code

8-bit analog-to-digital converter (ADC)

* Eight channels
* Single conversion in 17 ps

* Fast, easy conversion from analog inputs like
temperature, pressure, and fluid levels to digital
values for CPU processing

Clock generation module w

ith phase-locked loop (PLL)

» Programmable clock frequency in integer multiples of
external crystal reference

* Crystal reference of 32 kHz to 100 kHz

 External clock option with or without PLL

* Provides high performance using low-cost,
low-frequency reference crystals

» Reduces generated noise while still providing high
performance (up to 32 MHz internal clock)

* Fast, easy conversion from analog inputs like
temperature, pressure, and fluid levels to digital
values for CPU processing

Four programmable 16-bit timer channels

* 125 ns resolution at 8 MHz bus
* Free-running counter or modulo up-counter

» Each channel independently programmable for input
capture, output compare, or unbuffered PWM

« Pairing timer channels provides a buffered PWM
function

Designer Reference Manual
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Table 2-4. MC68HC908GP32 Features and Benefits (Continued)

Features

Benefits

Timebase m

odule (TBM)

« Eight user-selectable period real-time interrupts
 Optionally operate in low-power stop mode

* Provides auto wakeup from low-power stop mode to
maintain real-time clock or check external device
status such as sensors

Serial communications interface (SCI)

* UART asynchronous communications system

* Flexible baud rate generator

* Double buffered transmit and receive

 Optional hardware parity checking and generation

» Enables synchronous serial communications with
peripheral devices

Serial peripheral interface (SPI)

* Full-duplex 3-wire synchronous transfers
» Maximum master bit rate of 4 MHz for 8 MHz system
clock

 High-speed synchronous communication between
multiple MCUs or between MCU and serial
peripherals

* Cost-effective serial peripheral expansion to
EEPROM, high-precision A/D and D/A converters,
real-time clocks, etc.

Computer operating properly (COP) watchdog timer

« Issues reset in the event of runaway code

Selectable trip point low-voltage inhibit (LVI)

 Improves reliability by resetting the MCU when
voltage drops below trip point

» Two trip points allow optimum operation in both 5 V
and 3 V nominal systems

* Integration reduces system cost

Up to 33 bidirectional

input/output (I/O) lines

» 10 mA sink/source on all I/O pins

* 15 mA sink capability on five 1/O pins

» Keyboard scan with selectable interrupts on eight I/0
pins

 Software programmable pullups on 23 I/O pins

* High-current 1/O allows direct drive of LED and other
circuits to eliminate external drivers and reduce
system costs

» Keyboard scan with programmable pullups
eliminates external glue logic when interfacing to
simple keypads

Parallel or Serial CAN Connection
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2.4.1 MC68HC908GP32 Application Notes and Engineering Bulletins

For additional information, these reference documents are available:

* In-Circuit Programming of 68HC908GP32 FLASH Memory,
Motorola order number EB366/D

» Creating Efficient C Code for the HC08, Motorola order number
AN2093/D

 M68HCO08 Integer Math Routines, Motorola order number
AN1219/D

 HCO05 to HC08 Optimization, Motorola order number AN1218/D

* Non-Volatile Memory Technology Review, Motorola order number
AN1837/D

+ Data Structures for 8-Bit MCUs, Motorola order number
AN1752/D

* Noise Reduction Techniques for MCU-Based Systems, Motorola
order number AN1705/D

These documents and more are available on the World Wide Web at:
http://www.motorola.com/semiconductors/

2.4.2 MC68HC908GP32 Development Tool Kits

Part Number Description

M68ICS08GP 68HC908GPxx programmer/in-circuit debug kit
KITMMEVS08GP Cost-effective real-time in-circuit emulator kit
KITMMDS08GP High-performance real-time in-circuit emulator kit

Designer Reference Manual Parallel or Serial CAN Connection
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2.4.3 MC68HC908GP32 Individual Development Tool Components

Part Number Description

M68MMDO0508 High performance emulator
M68MMPFB0508 MMEVS platform board
M6BEML0O8GP32 Emulation module daughter board
M68CBL05B Low-noise flex cable

M68CBLO5C Low-noise flex cable
M68TB08GP32P40 40-pin DIP target head adapter
M68TCO08GP32FB44 44-pin QFP target head adapter
M68TQS044SAG1  44-pin TQ socket with guides
M68TQP044SAMOL 44-pin TQPACK

2.4.4 MC68HC908GP32 Package Options

Table 2-5. MC68HC908GP32 Package Options

Part Number Package Tergr;irgléure
MC68HC908GP32CP 40-pin dual in-line (DIP) -40°C to +85°C
MC68HC908GP32CFB 44-pin quad flat pack (QFP) —-40°C to +85°C
MC68HC908GP32CB 42-pin shrink dual in-line (SDIP) —40°C to +85°C

2.4.5 MC68HC908GP32 Sample Packs

Table 2-6. MC68HC908GP32 Sample Packs

Part Number Package Tergr;irgléure
KMC908GP32CP 40-pin dual in-line (DIP) —-40°C to +85°C
KMC908GP32CFB 44-pin quad flat pack (QFP) -40°C to +85°C
KMC908GP32CB 42-pin shrink dual in-line (SDIP) -40°C to +85°C
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Designer Reference Manual — Parallel or Serial CAN Connection

3.1 Contents

3.2 Introduction

Section 3. Printed Circuit Board Structure

3.2 IntroducCtion. . ... 37
3.3  Monitor Mode Interface (Area 1l)........................ 38
3.4 Controller (Area2) ... 39
3.5 Application (Area3) ... 39

The printed circuit board (PCB) is:
e 200 mm x 100 mm
* Manufactured in four multilayers

* Needs a supply voltage of 9 to 18 Vac or Vdc

The printed circuit board has three functional areas which are discussed
in this section (see Figure 3-1).

NOTE: If necessary, the board can be broken apart at the break strips of these
areas. Ribbon cables connect the areas.
Parallel or Serial CAN Connection Designer Reference Manual
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Printed Circuit Board Structure

| |
AREA 1 | AREA 2 | AREA 3
MONITOR MODE + SCI | CPU + CAN | CAN + MOTOR DRIVER
| |

Figure 3-1. Motorola CAN Reference Design Board Modules

3.3 Monitor Mode Interface (Area 1)

Area 1 contains these functional groups:

» Power supply and level adapter on RS232 for the monitor
interface and serial communications interface (SCI)

» Pin connections for monitor operation
* Reset module and reset push button

e Clock oscillator

Area 1 connections (plugs) are:
» Supply voltage (X3, two contacts)
» Monitor interface (X1, DSUB, nine contacts, female connector)
* SCl Interface (X2, DSUB,nine contacts, female connector)

» Connection to the monitor PCB (SV1, ribbon connector,
16 contacts)

Designer Reference Manual Parallel or Serial CAN Connection
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Printed Circuit Board Structure
Controller (Area 2)

3.4 Controller (Area 2)

Area 2 contains these functional groups:
* MC68HC908GR8 or MC68HC908GP32 microcontroller
» Oscillator with a 32-kHz crystal
» MCP2510 CAN controller
* MC33388 CAN transceiver

Area 2 connections (plugs) are:

» Connection to the monitor PCB (SV2, ribbon connector, 16
contacts)

» Connection to the application PCB (SV3, ribbon connector, 26
contacts)

* CAN 1l interface 1 (X5, DSUB, nine contacts, male connector)

3.5 Application (Area 3)

Area 3 contains these functional groups:
» SJA1000 CAN controller
+ PCA82C250 CAN interface
e L6201, bridge for motor
e Push buttons T1, T2, and T3
* Light-emitting diodes (LED) 1, 2, and 3
* Potentiometer

*  Wire wrap field

Area 3 connections are:

» Connection to the PCB controller (SV4, ribbon connector,
26 contacts)

* CAN 2 interface (X5, DSUB, nine contacts, male)

» Motor connection (SV5, four contacts)

Parallel or Serial CAN Connection Designer Reference Manual
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Designer Reference Manual — Parallel or Serial CAN Connection

Section 4. Pin Assignments and Jumper Settings

4.1 Contents

4.2  INtroducCtion. . .. ... .o 41
4.3 SupplyVoltage X3 ... ... e 42
4.4  Monitor Mode X2 .. ... .. 42
4.5  SCI XL 42
4.6 CANL XS, .. 43
4.7  CANZ2 X4, . 43
4.8 Motor SVS. . .. 44

4.2 Introduction

This section describes the pin assignments and jumper settings for the
design reference. For clarification, these designations are defined as:

* NC (not connected)
This connection is not forwarded on the printed circuit board
(PCB).

* Reserved
This connection goes to internal circuits. It is included for
possible use in further options and should not be wired.
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Pin Assignments and Jumper Settings

4.3 Supply Voltage X3

Jack connector, 3.5 mm diameter, polarity arbitrary

4.4 Monitor Mode X2

DSUB, nine contacts (see table), female connector

Reserved
TxD

RxD

NC

GND

Reserved
NC

Reserved

O 0| N|OO |0~ W[N] PF

Reserved

45 SCI X1

DSUB, nine contacts (see table), female connector

Reserved
TxD

RxD

NC

GND

Reserved
NC

Reserved

O O N0 B W[IN]| P

Reserved

Designer Reference Manual Parallel or Serial CAN Connection
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Pin Assignments and Jumper Settings
CAN1 X5

4.6 CAN1 X5

DSUB, nine contacts (see table), male connector

NC
CAN-L
GND
NC

NC

NC
CAN-H
NC

NC

Ol N[O~ W[N] PF

Pins 5 and 6 can be ground by solder straps at the lower side of the
DSUB connector.

4.7 CAN2 X4

DSUB, nine contacts (see table), male connector

NC
CAN-L
GND
NC

NC

NC
CAN-H
NC

NC

OO N|O|0| B~ W[DN|PF

Pins 5 and 6 can be ground by solder straps at the lower side of the
DSUB connector.

Parallel or Serial CAN Connection Designer Reference Manual
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Pin Assignments and Jumper Settings

4.8 Motor SV5

CAUTION:

Designer Reference Manual

Connector, four contacts (see table)

motor +

motor —
GND

A W[N] P

+Vext

The supply voltage for the motor driver module L6202 can be switched
from JP20 of X3 (reference design supply) or via contacts 3 and 4 of X6.
The voltage should not exceed 18 Vdc!

As shown in this table, the motor furnished can be operated straight

forward by the power supply furnished.
Jumper Functions 1 and 2 Functions 2 and 3 Default
20 Power for L6202 from SV5 Power for L6202 from X6 1-2

Parallel or Serial CAN Connection
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5.1 Contents

5.2 Introduction

Section 5. Jumper Description

5.2  Introduction. . ......... ... 45
5.3 Jumpers in the Monitor Mode Area. . . ................... 45
5.4 Jumpersinthe ControllerArea. ........................ 47
5.5 Jumpers inthe Application Area. ... .................... 49
5.6 Motor Driver L6202. . . .. ... ... 53

Different jumpers are positioned on the reference design for flexible
adaptation to the multiple possibilities. The jumpers are identified by
component identification printing. For jumpers with two plug-in places
pin 1 is identified.

Example: 1-JP1

1123

5.3 Jumpers in the Monitor Mode Area

NOTE: For this discussion refer to Figure 1-2. Partitioning of the Reference
Design Board.
A jumper field has been created to allow multiple connections of the
reset conditions and, of course, the connection to the monitor mode. It
has been designed with headroom to allow for future microcontroller
derivatives to be used.
Parallel or Serial CAN Connection Designer Reference Manual
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Jumper Description

Table 5-1 and Table 5-2 show the usage of the reference design with
the microcontroller derivatives MC68HC908GR8 and
MC68HC908GP32. For further information, reference the monitor mode

sections of:

« MCG68HC908GRS8 Advance Information, Motorola order number

MC68HC908GRS8/D

« MC68HC908GP32 Technical Data, Motorola order number

MC68HC908GP32/H

Table 5-1. MC68HC908GRS8 in Monitor Mode Block

Jumper Functions 1 and 2 Functions 2 and 3 Default®
1 IRQ = GND IRQ = Vg7 2-3
5 V1gT source V1gT source 12
from power supply from MC145407
3 PTA1=+45V PTA1 = GND 2-3
4 PTB1=+5V PTB1 = GND 2-3
5 Not used Not used 1-2
6 PTBO=+5V PTBO = GND 1-2

1. Default — monitor mode is active, external oscillator, 9600 baud, see JP10 and JP14 in
the microcontroller block of Figure 1-1. Motorola CAN Reference Design Board

Table 5-2. MC68HC908GP32 in Monitor Mode Block

Jumper Functions 1 and 2 Functions 2 and 3 Default(®)
1 IRQ = GND IRQ = Vg7 2.3
2 Vst source Vgt source Lo
from power supply from MC145407
3 PTA7 = +5V PTA7 = GND 23
4 PTC1=+45V PTC1 = GND 2-3
5 PTC3=+5V PTC3 = GND 1-2
6 PTCO = +5 V PTCO = GND 1-2

1. Default — monitor mode is active, external oscillator, 9600 baud, see JP10 and JP14 in
the microcontroller block of Figure 1-1. Motorola CAN Reference Design Board

Designer Reference Manual
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5.4 Jumpers in the Controller Area

Jumper Description
Jumpers in the Controller Area

The reference design is either equipped with the MC68HC908GRS or
with the MC68HC908GP32 which has more configurations. Table 5-3
and Table 5-4 provide an overview of both parts.

Table 5-3. MC68HC908GRS8 in Controller Area

Jumper Functions 1 and 2 Functions 2 and 3 Default
10 External clock oscillator 32 kHz crystal on 1-2
11 PTC1 to EN MC33388 PTC1 to TX2RTS MCP2510 1-2
12 PTCO to STB MC33388 PTCO to TX1IRTS MCP2510 1-2
13 PTA3 to NERR MC33388 PTA3 to TXORTS MCP2510 1-2
14 32 kHz crystal off 32 kHz crystal on 1-2
15 Enable MCP2510 Disable MC2510 1-2
16 Vpg to BAT MC33388 +5 V to BAT MC33388 2-3
Note that:

Parallel or Serial CAN Connection

Jumpers JP10 and JP14 should both be connected in position 1-2
or 2-3 at the same time.

Selection of clock generation is done by jumpers JP10 and JP14.
The pluggable external oscillator module is placed in the monitor
area. The result of this design is a very flexible adaptation.

Refer to the monitor mode and clock generation sections of the
MC68HC908GR8 and MC68HC908GP32 manuals and to
Figure 1-1. Motorola CAN Reference Design Board for other
plug combinations.

With the MC68HC908GRS, jumper 15 should always stay in
position 1-2 for CAN operation.

With the MC68HC908GRS, the CAN operation is only possible
with the MCP2510 due to available input/output (1/0).

The selection of three I/O lines is done by the jumpers JP11, JP12,
and JP13.

In using plug position 1-2, the possibilities of the CAN transceiver
MC33388 are available.

Designer Reference Manual
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Jumper Description

» Using plug positions 2-3 the possibilities of the CAN controller
MCP2510 are better used. Here, start of a transmission in the
transmitter buffer is done by hardware.

e Jumper 17 has no function.

Table 5-4. MC68HC908GP32 in Controller Area

Jumper Functions 1 and 2 Functions 2 and 3 Default
10 External clock oscillator 32 kHz crystal on 1-2
11 PTC6 to EN MC33388 PTC6 to TX2RTS MCP2510 1-2
12 PTC5 to STB MC33388 | PTC5 to TX1IRTS MCP2510 1-2
13 PTA4 to NERR MC33388 | PTA4 to TXORTS MCP2510 1-2
14 32 kHz crystal off 32 kHz crystal on 1-2
15 Enable MCP2510 Disable MC2510 1-2
16 Vpg to BAT MC33388 +5 V to BAT MC33388 2-3
Note that:

* Jumpers JP10 and JP14 should both be in position 1-2 or 2-3. The
selection of the possibilities of clock generation is performed with
these two jumpers. The pluggable external oscillator module is
located in the monitor area where a very flexible adaptation can be
performed. Refer to the monitor mode and clock generation
sections of the MC68HC908GR8 and MC68HC908GP32 manuals
and to Figure 1-1. Motorola CAN Reference Design Board for
other plug combinations.

* With jumper JP15 and JP22 (in the application block) the selection

of the corresponding CAN controller is performed.

* Only one of the two CAN controllers should be enabled at the

same time. Refer to Table 5-5.

Table 5-5. MC68HC908GP32 CAN Controller Selection

Jumper Functions 1 and 2 Functions 2 and 3 Default
15 Enable MCP2510 Disable MC2510 1-2
22 Disable SJA1000 Enable SJA1000 1-2
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If MCP2510 is enabled (JP15 1-2 and JP22 1-2), the connection
with jumpers JP11, JP12, and JP13, the selection of three I/O lines
is performed.

* Using the plug positions 1-2, the possibilities of the CAN
transceiver MC33388 are accessible.

* Using the plug positions 2-3 (JP11, JP12, and JP13), the
possibilities of the CAN controller MCP2510 are performed better.
Here, start of a transmission in the transmitter buffer is done by
hardware.

e Jumper 17 has no function.

5.5 Jumpers in the Application Area

In the application area:

* By connecting to the I/O lines, selection of different available tasks
is accomplished.

* By choosing jumpers, different functions can be made available.

Different functions can be made available at jumpers JP18, JP19, and
JP21. Here once again a flexible solution is made possible. The number
of jumpers and their possibilities is not as complicated as it may first look.
In position 1-2, the signals at jumpers JP18 and JP19 are connected to
a further jumper and there split up once again.

Figure 5-1 shows:

e The connection between jumpers JP18, JP19, and JP21 and
jumpers JP24, JP25, and JP26

* The distribution to the light-emitting diodes (LED) or switches (S1,
S2, and S3)
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JUMPER IN APPLICATION AREA

JUMPER
JUMPER 25

18 24
19 2

WM

) % @ +5 Vdc

MC68HC908 1/0 2 3 7/1

L6202

Figure 5-1. Jumper Connections

In the simplest case:

*  With jumpers JP24, JP25, and JP26 in position 1-2, the special /O
line is defined as the output.

*  With jumpers JP24, JP25, and JP26 in position 2-3, the special /O
line is the input.

» By dynamically reprogramming the standard definition output to
input for only a short time, it is possible to use input and output at
the same time.

* A special jumper that connects positions 1-2-3 at the same time is
used.

NOTE: |If push button (S1, S2, S3) is pressed, the corresponding LED lights at
the same time.

e Jumpers JP18, JP19, and JP21 should be in position 2-3 to use
the motor driver L6202.
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NOTE:

CAUTION:

Jumper Description
Jumpers in the Application Area

Table 5-6. MC68HC908GR8 and MC68HC908GP32
in Application Area

Jumper Functions 1 and 2 Functions 2 and 3 Default
18 PTD6 to JP25 PTD6 to PIN2 L6202 1-2
19 PTD5 to JP24 PTD5 to PIN 16 L6202 1-2
21 PTDA4 to JP26 PTD4 to PIN 12 L6202 1-2
20 Power for L6202 from V¢ Power for L6202 from SV5 1-2
22 Disable SJA1000 Enable SJA1000 1-2

With jumper JP20, the supply voltage for the motor driver L6202 is
selected. In this there is the possibility to use a motor with higher supply
voltage (12 Vdc power supply included in kit).

Jumper JP20 selects the supply voltage of the motor driver module
L6202 from X3 (supply of reference design) or over contacts 3 and 4 of
SV5.

The supplied motor can get its supply voltage by the supplied power
supply. See 5.6 Motor Driver L6202.

Observe limitations of current and voltage of the L6202 in surrounding
temperature (Upax = 32 Vdc, lyax = 1.5 A). Additional capacitors and
free-running diodes must possibly be used for other motors.

Jumper 23 functions:
e Jumper 23 closed = CAN BUS termination with 120 Q active
e Jumper 23 open = CAN BUS termination inactive

In a CAN bus system, terminated lines are used. So, at least at the

beginning and at the end of the bus there should be a termination
resistance of 120 Q.

If every section of a bigger system is equipped with a terminal resistance
it may lead to a greater bus load. Therefore, the terminal resistance can
be switched on and off with jumper JP23 in the reference design.

In the application area, there are test points TP1 to TP4. Signals can be
measured at these points. See Table 5-7.
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Table 5-7. Table of Test Points (TP)

TP MC68HC908GRS8 Pinout MC68HC908GP32 Pinout
1 PTB4 to POTI PTB4 to POTI

2 PTB5 via R to L6202 PTB5 via R to L6202

3 NC PTB1

4 NC PTBO

At TP1 — The center tab of the potentiometer. The potentiometer is used
for demonstration of an analog-to-digital (AD) transition. See Figure 5-2.

+5 Vdc

TP1 » PTB4

Figure 5-2. TP1 Example

At TP2 — Figure 5-3 shows the possibility to operate the motor driver
L6202 in a very optimal way.

TP2 PTB5

L6202
RT1

Rs

B

Figure 5-3. Motor Control Circuitry

At the sensor resistor (Rg) of the motor driver, a voltage is developed
that is proportional to the motor current. This voltage is routed over the
low pass filter (RT1 and CT) to the AD converter of the special controller.
By control signals at the L6202, the current in the motor can be
controlled using the sensed value.
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5.6 Motor Driver L6202

This module is a bridge driver. It is fit-for-purpose to drive a brushed dc
motor. The current inputs are TTL compatible, it uses a thermal
protective circuit, and it can be operated with a clock frequency up to
100 kHz.

Generally, the bridge consists of four transistors that can be controlled
by inputs. Short circuits in a vertical leg are disabled by an internal logic.

Table 5-8 shows the switching possibilities. The three conditions 1, 3,
and 4 show the simple operation.

Table 5-8. Switching Possibilities

Condition Enable In2 In2 Output MOSFET
1 Low X X All transistors off
2 High Low Low Sink1, Sink2
3 High Low High Sink1, Source2
4 High High Low Sourcel, Sink2
5 High High High Sourcel, Source2

In condition 1 no current flows through the motor. Without outer
influences, it does not turn. In conditions 3 and 4, the current flows in
different directions so that the reversal of direction is performed.

The motor current, with limitations on the driving speed, can be
controlled by clocked switching at ENABLE. For more information,
reference the documents listed in 2.3.1 MC68HC908GRS8 Application
Notes and Engineering Bulletins and 2.4.1 MC68HC908GP32
Application Notes and Engineering Bulletins.

Figure 5-4 shows the principal circuitry as demonstrated in the
reference design.
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—»[IN2

—>{IN1
»| ENABLE @ DC MOTOR

L6202

Figure 5-4. Motor Layout
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Section 6. Working with the Reference Design

6.1 Contents

6.2 Introduction. . . . ... ... e 55

6.3  Connecting the CPU to the CAN Controller .. ............. 55

6.2 Introduction

This section describes how to work with the reference design.

6.3 Connecting the CPU to the CAN Controller

The reference design uses:
« MC68HC908GRS with 21 input/output (1/O) lines
e MC68HC908GP32 with 33 I/O lines

Because of the different number of available 1/O lines, there are two
possibilities of coupling a standalone controller area network (CAN). The
two standalone CAN controllers used are:

* MCP2510 (Microchip) — see Figure 6-1
» SJA1000 (Philips) — see Figure 6-4
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RXCAN — 3! 2 RECEIVE BUFFERS <—CS
CAN Sl |——SCK
PROTOCOL <:> 3 TRANSNgT 6 ACCEPTANCE \]/‘:> INTERFACE SEIS
ENGINE BUFFER FILTERS LOGIC 5
TXCAN <—— MESSAGE ASSEMBLY
BUFFER L » S0
\ A \
> CONTROL LOGIC <

A A

INT
RXOBF

YVYY

Rx1BF
TXORTS
TxIRTS

Tx2RTS

Figure 6-1. MCP2510 Block Diagram

The two microcontrollers (MCU) used, MC68HC908GRS8 and
MC68HC908GP32, can both drive the CAN controller using the serial
peripheral interface (SPI) module. In this situation, the MC33388 is used
as the CAN transceiver. See Figure 6-2.

NOTE: The full specification for the MC33388 is reprinted in Appendix D.
MC33388 Motorola CAN Interface.

The block diagram in Figure 6-3 shows the simpliest way of coupling the
Motorola MCU to the MCP2510 with only four lines used. In this case,
the MC68HC908GR8 and MC68HC908GP32 used a serial peripheral
interface (SPI). Itis possible to use an even less integrated MCU without
an SPI by replicating this function in software. Three I/O lines of the
microcontroller are used, controlled by jumpers, to choose the desired
configuration and maximize the options of the MCP2510 and the
MC33388. See 5.5 Jumpers in the Application Area.
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BATTERY |
SWITCH <£
Ic1 y D1
5V
. R4
. 12V
= ST
B R3
c4—— ——c3
£ | L
Vear WAKE B
INH RTH
Vop
Cl— R1
T
— L1
Voo CANH
EN MC33388D CAN BUS
Mcu | 10
PORT ST8 CANL
NERR o
CAN T
MODULE R RTL
Vs GND L
. =
Figure 6-2. Block Diagram MC33388
CAN
BUS
MOSI o
> S|
SPSCK | ook TXCAN - >
MC33388
MC68HCI08GRS S les MCP2510 < RN 3 .
MISO A A A
< SO
A A A
MC68HC908GP32 |
< »|  JUMPER

Figure 6-3. Block Diagram MC68HC908GRS8
and MC68HC908GP32 + MCP2510 + MC33388

If the MC68HC908GP32 is used, the parallel Philips CAN controller
SJA1000 can be used. See Figure 6-4.

Parallel or Serial CAN Connection

Designer Reference Manual

MOTOROLA Working with the Reference Design

57



Working with the Reference Design

XTAL1

SJA1000

XTAL? <=

LOGIC
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» Tx1
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Rx0

20

Rx1

ERROR

LOGIC

3707,
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ADDRESS/ INTERFACE MANAGEMENT LOGIC
/8 DATA
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BIT > BITTIMING
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RESET

l—%— Vss2
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The connection between the MC68HC908GP32 and the SJA1000 is
performed via a parallel interface. The SJA1000 has two different modes

Figure 6-4. Block Diagram SJA1000

from the bus function:

These modes can be set to the so called MOTOROLA mode by a MODE
pin. In MOTOROLA mode the SJA1000 expects a multiplexed address
and data bus and the control signals AS, WR, E, and CS. As the

MC68HC980GP32 does not have these signals, they must be emulated

INTEL mode
MOTOROLA mode

by software and 1/O pins.

The parallel interface to the SJA1000 is completed as shown in

Table 6-1 and Table 6-2.
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Connecting the CPU to the CAN Controller

Table 6-1. SJA1000 Control Bus

SJA1000 Signal

MC68HC908GP32 Signal

44-Pin QFP

AS PTDO Pin number 12
CS PTD1 Pin number 13

E PTD2 Pin number 14
WR PTD2 Pin number 15

Table 6-2. SJA1000 Address and Data Bus

SJA1000 Signal

MC68HC908GP32 Signal

44-Pin QFP

ADO PTAl Pin number 33
AD1 PTA2 Pin number 34
AD2 PTA3 Pin number 35
AD3 PTA4 Pin number 36
AD4 PTAS5 Pin number 37
AD5 PTAG6 Pin number 38
AD6 PTB6 Pin number 28
AD7 PTB7 Pin number 29

The SJA1000 is controlled via an address and data bus (memory
interface). Because the M68HCO08 microcontrollers do not offer an
address and data bus, the memory interface is emulated with 1/O ports
and the access control is done by software.

ADDRESS DATA BUS

A

MC68HC908GP32

CONTROL BUS

'

SJA1000

TXCAN _

CAN
BUS

_ RXCAN

A
Y

82C250

Y

Figure 6-5. Block Diagram of M6BHC908GP32 Connection
to Philips SJA1000
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Section 7. Circuit Description of the Monitor Mode Area

This section provides a circuit description of the monitor mode area.

Parallel or Serial CAN Connection

The reference design can be equipped with both the
MC68HC908GR8 and the MC68HC908GP32.

The input voltage for the reference design at X3 can be in the
range of 8 to 18 Vac or Vdc.

Capacitors C1 and C2 as well as C4 and C5 are used as filters for
the input voltages.

The light-emitting diode (LED) on top of voltage control (IC2)
shows the presence of a +5 Vdc input voltage.

The conversion from TTL to RS232 level for the monitor mode
interface and SCI interface with RS232 performed by IC6
(MC145407).

The switching of Rx and Tx signals at the monitor mode data
interface is done by IC3 (74HC125).

Jumpers 1, 3, 4, 5, and 6 define the necessary levels for entry into
the monitor mode. In a later version by IC4 (not equipped) and IC1
(74HC4016), the use of static adjustments (JP 3, 4, 5, 6) of the
monitor mode entry by the programmer will be realized.

The signal levels defined by jumpers 3, 4, 5, and 6 are always
connected to the microcontroller in the label version.

A reset with IC4 will be possible by the monitor mode interface.

A base socket is designated for operation of the microcontroller
with an external crystal oscillator (supply version 9.8304 MHz).

The controller can be put into a defined state by the reset push
button.
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* Forjumper function, see 5.3 Jumpers in the Monitor Mode Area

» All voltages and signals are available at connector SV1 (FB, 16
contacts).
For additional information regarding the monitor mode, refer to the
appropriate section in these documents:

+ MC68HC908GRS8 Advance Information, Motorola order number

MC68HC908GR8/D
* MC68HC908GP32 Technical Data, Motorola order number
MC68HC908GP32/H
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8.1 Contents

8.2 Introduction

Section 8. Software Description

8.2 Introduction. . ... ....... ... .. 63
8.3 CodeWarrior IDE .. ..... ... .. . . 64
8.4 Module Description. . . .. ... 65
8.4.1 MCU Select.h ... ... . . 65
8.4.2 CANDriver.C . ... 68
8.4.3 MCU_Hardware _Description HCO8.h................. 69
8.44 MCU_Assembler_Instruction.h. . ..................... 69
8.4.5 Hardware HCO8.C ... ......... .. .. 69
8.4.6 IRQtab.c ... ... 69
8.4.7 CAN _Controller.h. . ... ... 70
8.4.8 CAN_Controller_ SJA1000.C ........ ..., 70
8.4.9 CAN_Controller MCP2510.C.......... ... ... 71
8.4.10 cptest.C ... . 71

The software offers the easiest possible introduction to a controller area
network (CAN) bus environment. It was purposely arranged to be simple
in order to easily keep the DIN overview. In a program loop in the module
CPTEST10. C Application Main Function, boththe CAN bus
and the serial communications interface (SCI) are cyclically polled.

These functions are made available:
+ |Information from the CAN bus is sent over the SCI.
* Information from the SCI is sent over the CAN bus.

* In both cases, the message with a command interpreter is
evaluated and additional functions are implemented.
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The command interpreter knows these functions:
* Engine stop
* Engine run left
* Engine run right

* Send value of the analog-to-digital (AD) transducer over CAN

8.3 CodeWarrior IDE

The software (see Appendix B. Flowcharts and Source Code Files)
was provided under CodeWarrior® and is divided into these modules:

e MCU Sel ect .h

 CAN Driver.C

e MCU Hardware_Descrition.h

e MCU Hardware Descrition_ HC08. h
e MCU Assenbl er _Instructions.h
e Hardware_ HC08. c

e Hardware_ HC08. h

e |RQab.c

e CAN Controller.h

e CAN Controller SJA1000.c

e CAN Controller_MP2510.c

e (CplOtest.c

NOTE: The documentation differentiates between low speed and high speed.
However, this does not refer to the actual speed on the CAN bus. Low
speed is always used when the low-speed CAN transceiver MC33388 is
used as the physical interface to the CAN bus. High speed is used when
the CAN transceiver PCA82C250 is used to connect to the CAN bus.

CodeWarrior is a registered trademark of Metrowerks, Inc., a wholly owned subsidiary of
Motorola, Inc.
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8.4 Module Description

8.4.1 MCU_Select.h

This subsection describes the various modules.

Three different programming models are possible depending on the
hardware equipment being used. The selection takes place via a jumper
in the hardware and the appropriate definitions in the MCU_SELECT.H
module.

Possible functions to configure clock generation on the board are shown
in Table 8-1.

Table 8-1. Clock Generation Configurations

Jumper Functions 1 and 2 Functions 2 and 3 Default
1 IRQ = GND IRQ = Vrg1 1-2
10 External clock oscillator 32-kHz crystal on 2-3
14 32-kHz crystal off 32-kHz crystal on 2-3
16 Vps to BAT MC33388 +5 V to BAT MC33388 2-3

The CAN reference design board can be used for software development
in the monitor mode and as a standalone CAN node. The default jumper
setting is standalone mode.

To configure the board to be used with monitor mode debugging:
1. Power down the board (no supply voltage)
2. Supply high voltage to the IRQ pin (set jumper 1 to position 2-3)
3. Select external clock oscillator (set jumper 10 to position 1-2)
4. Switch off the internal 32-kHz crystal (set jumper 14 to
position 1-2)
To configure the board to be used as a standalone CAN node:
1. Power down the board (no supply voltage)

2. No test voltage on the IRQ pin (set jumper 1 to position 1-2)
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3. Select internal 32-kHz crystal as the clock source (set jumper 10
to position 2-3)

4. Switch on the internal 32-kHz crystal (set jumper 14 to
position 2-3)

The software can be complied for use with the MC68HC908GRS8 or with
the MC68HC908GP32 (both with the MCP2510 CAN controller). The
compiling process is controlled via the define statements in the header
file MCU_SELECT.H. See Figure 8-1.

To select the MC68HC908GRS8 microcontroller, change these define
statements in the MCU_SELECT.H header file:

#defi ne GRBMCP TRUE /'l Select MC68HCI908CGR8 and MCP2510
#define GP32MCP FALSE // Sel ect MC68HC908GP32 and MCP2510
#defi ne GP32SJA TRUE /1 Sel ect MC68HCI08GP32 and PCA82C250

OPTION 1 — MC68HC908GR8

CAN BUS
LOW SPEED
CAN1 CAN2
MONITOR X5 X4
X2

RS232 scl

MOTOROLA
CAN REFERENCE DESIGN

Figure 8-1. Option 1 — MC68HC908GR8 and MCP2510

Additionally, these jumpers are to be set:
e Jumper 15 in position 1-2 (enable MCP2510)
e Jumper 22 in position 1-2 (disable SJA1000)
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The software can be complied for use with the MC68HC908GP32 and
the MCP2510 CAN controller (see Figure 8-2). To select the
MC68HC908GP32 microcontroller, change these define statements in
the MCU_SELECT.H header file:

#defi ne GRBMCP FALSE /1l Sel ect MC68HCO08GR8 and MCP2510
#defi ne GP32MCP TRUE /'l Sel ect MC68HCO08GP32 and MCP2510
#defi ne GP32SJA FALSE /1l Sel ect MC68HCO08GP32 and PCA82C250

OPTION 2 — MC68HC908GP32

CAN BUS
LOW SPEED

CAN1 CAN2
MONITOR X5 X4

X2

SCI

RS232 Y1

MOTOROLA
CAN REFERENCE DESIGN

Figure 8-2. MC68HC908GP32 and MCP2510

Additionally, these jumpers are to be set:
e Jumper 15 in position 1-2 (enable MCP2510)
e Jumper 22 in position 1-2 (disable SJA1000)

The software can also be complied for use with the MC68HC908GP32
and the PCA82C250 CAN controller. See Figure 8-3.

NOTE: Itis not possible to use the MC68HC908GR8 with the PCA82C250.
To select the MC68HC908GP32 microcontroller, change these define
statements in the MCU_SELECT.H header file:
#def i ne GRBMCP FALSE /1 Sel ect MO68HC908GR8 and MCP2510
#defi ne GP32MCP FALSE // Sel ect MC68HC908GP32 and MCP2510
#def i ne GP32SJA TRUE /1 Sel ect MOB8HC908GP32 and PCA82C250
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8.4.2 CAN Driver.C

Designer Reference Manual

OPTION 3 — MC68HC908GP32

CAN BUS
HIGH SPEED

MONITOR
X2

CAN1

CAN2
X4

RS232

SCI

X1

MOTOROLA

CAN REFERENCE DESIGN

Figure 8-3. MC68HC908GP32 and SJA1000

Additionally, these jumpers are to be set:
* Jumper 15 in position 2-3 (disable MCP2510)
e Jumper 22 in position 2-3 (enable SJA1000)

This file (CAN_DRIVER.C CAN Driver Functions) contains two

functions:

* Send_Message_Obj ect ()
» Receive_Message bject ()

Send_Message_bj ect () sends a CAN message and
Recei ve_Message_ (bj ect ()
bus. Both functions use low-level driver functions which access the CAN

controller.

receives a message over the CAN

Parallel or Serial CAN Connection

68

Software Description

MOTOROLA



Software Description
Module Description

8.4.3 MCU_Hardware_Description_HC08.h

This file (MCU_Hardware_Description.H Hardware Description File)
describes the special-purpose registers of the MC68HC908GR8 and
MC68HC908GP32. All addresses and bit definitions which are
necessary to access the microcontroller can be found in this file.

8.4.4 MCU_Assembler_Instruction.h

It is a good programming practice not to mix high-level language C code
and assembler instruction code. In this software, macros are used when
programming in assembler. These macros are defined in this file
(MCU_ASSEMBLER_INSTRUCTIONS.H In-Line Assembler
Commands).

8.4.5 Hardware HCO08.c

In an embedded system, the microcontroller has to be configured before
the application software is executed. All setups for the microcontroller
like configuration (CONFIG), clock generation module (CGM and PLL),
timer, synchronous and asynchronous serial interfaces (SPI and SCI),
and analog-to-digital converter (ADC) are done in this file. See
HARDWARE_HCO08.C Hardware and MCU Specific Routines.

These functions are available to configure the MCU:
I ni _MCU() /1 Call all setup functions
Ini _PLL() /1 Set up the PLL
Ini_config() // Set up the MCU configuration
(wat chdog, LVI, etc.)

Ini _Timer() /[l Initialize the tiners

I ni _ADC() /1 Initialize the ADC

Ini _SCl() /1 Initialize the SCl

Ini _SPI() /1 Initialize the SPI
(for use with the MCP2510 CAN controllers)

I ni _PORT() /1 Specifies the control signals for the MC33388
(STP and EN)

8.4.6 IRQtab.c
In this file IRQTAB.C Interrupt Vectors), the interrupt vectors for the
microcontroller are defined.
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8.4.7 CAN_Controller.

h

In this file (CAN_CONTROLLER.H CAN Controller Definitions), all
register definitions for the CAN controllers MCP2510 and SJA1000 are
done.

8.4.8 CAN_Controller _SJA1000.C

NOTE:

Designer Reference Manual

The CAN controller SJA1000 is used only with the MC68HC908GP32.
All routines related to the SJA1000 CAN controller are contained in this
file (CAN_CONTROLLER_SJA1000.C Software Routines for the
CAN Controller SJA1000)

These functions are available:
. Initialize CAN Controller()
 Wite_ Byte (address, DATA)
. UO8 Read Byt e (address)
e Bit_Set (address, mask)

. Bit O ear (address, mask)

The SJA1000 is a CAN controller which is controlled via a control and a
multiplexed address and data bus. Ports and software on the
MC68HC908GP32 microcontroller provide the interface to the bus.
Therefore, specific ports must be configured. PORTD (bit O to bit 3) is
used for the control bus of the SJA1000. PORTA (bit 1 to bit 6) and
PORTB (bit 6 and bit 7) are used for the multiplexed address and data
bus.

Because the reference design also offers debugging via the monitor
mode not all pins of a port are available for general-purpose use.
Therefore, to emulate the bus interface with port pins, a full 8-bit port
cannot be used.

To receive and send data to the CAN controller, a specific timing must
be done. The CAN controller accepts commands from the MCU. These
commands are transferred to the CAN controller with the functions
Wite Byte() and Read_Byt e() . The application software uses the
driver supplied with the software and does not need to care about the
handling of the CAN controller.
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The functionnitialize CAN Controller() initializes the
SJA1000 for the basic CAN mode. Features of the basic CAN mode are:

* 11-bit identifier
* Baud rate of 20 Kbps with a 16-MHz crystal

* No message filter (all messages are received)

8.4.9 CAN_Controller MCP2510.C

The CAN controller MCP2510.C (CAN_CONTROLLER_MCP2510.C
Software Routines for the CAN Controller MCP2510) can be used
either with the MC68HC908GP32 or with the MC68HC908GRS8. These
functions are available:

e Initialize CAN Controller()
SI_Wite()

e Sl _Read()

* SPI_Bit Mde()

« SPI_CAN Start ()

e SPI read_status()

The function I nitialize_CAN Controller() initializes the
MCP2510 with these features:

e 11-bit identifier
* Baud rate of 20 Kbps with a 16-MHz crystal
* No message filtering (all messages are received)

* Only one receive (Rx) and transmit (Tx) buffer is used.

8.4.10 cptest.C

In this file, the main routine is placed. Mai n() is called after reset and
all the necessary setup of the hardware and initialization of the
peripherals is done here. A little demo program is implemented which
sends messages over the CAN bus (identifier Ox7F and data
“01234567"). All messages which are received on the SCI input are
transmitted over the CAN bus.
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Appendix A. Bill of Materials and Schematic

This appendix provides:
» Bill of Materials — Table A-1
» Schematics for the Reference Design CAN:
— Using MAX232 — Figure A-1
— Using MC145487 — Figure A-2
NOTE: New versions of the reference design hardware will use the MC145487

RS232 interface as shown in Figure A-2; however, some include the
MAX232 RS232 interface as shown in Figure A-1.
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Bill of Materials and Schematic

Table A-1. Bill of Materials (Sheet 1 of 6)

Position Part Device Description Package Supplier
1 IC 74C4016 DIL14
2 IC2 78L05 5V Voltage Regulator T0220
3 IC3 74HC125 DIL14
4 IC4 IBD1 Delay Circuit DIL8
5 IC5 MC33064 Reset Controller TO92 Motorola
6 IC6 MC145407 RS232 Driver DIL20 Motorola
7 IC7 68HCO8GR8 Microcontroller QFP32 Motorola
8 IC8 MCP2510 CAN Controller SIOC18 Microchip
9 IC9 68HC08GP32 Microcontroller QFP44 Motorola
10 IC10 MC33388 CAN Transwithter S014 Motorola
11 IC11 L6201 Powerbridge DIL18 ST
12 IC12 SJA1000 CAN Controller S028 Phillips
13 IC13 80C250 CAN Transwithter SO8 Phillips
14 GL1 B80C1500 Rectifier
15
16 X1 DSUB9 Buchse | SCI Interface
17 X2 DSUB9 Buchse | Debug-Interface
18 X3 Buchse Power Supply
19 X4 DSUB9 Pine CAN 2
20 X5 DSUB9 Pine CAN1
21 Svi 16pol Wanne
22 Sv2 16pol Wanne
23 Sv3 26pol Wanne
24 Sv4 26pol Wanne
25 SV5 4 Pol Klemme
26
27 0szi1 Sockel DIL14
28 0OSZlla 9,8304MHz Crystal Oscillator DIL14
29 Q1 16MHz Crystal HC18
30 Q2 32kHz Crystal L8mm D3mm
31 Q3 16MHz Crystal HC18
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Table A-1. Bill of Materials (Sheet 2 of 6)

Bill of Materials and Schematic

Position Part Device Description Package Supplier
32 Q1S 2pol Socket
33 Q3s 2pol Socket
34 F1 1IAT Fuse
35 F2 2AT Fuse
36 F1S 2pol Socket Rund RM5.08
37 F2S 2pol Socket Rund RM5.08
38 R1 10k Resistor 1/4W
39 R2 10k Resistor 1/4W
40 R3 10k Resistor 1/4W
41 R4 0 Wire Bridge
42 R5 10k Resistor 1/4W
43 R6 10k Resistor 1/4W
44 R7 10k Resistor 1/4W
45 R8 10k Resistor 1/4W
46 R9 330k Resistor 1/4W
47 R10 0 Resistor 1/4W
48 R11 1k Resistor 1/4W
49 R12 10k Resistor 0805
50 R13 10M Resistor 1206
51 R14 330k Resistor 0805
52 R15 22k Resistor 0805
53 R16 10k Resistor 0805
54 R17 120 Resistor 0805
55 R18 1k Resistor 0805
56 R19 1k Resistor 0805
57 R20 0 Wire Bridge
58 R21 0 Wire Bridge
59 R22 0
60 R23 22k Resistor 1/4W
61 R24 1k Resistor 1/4W
62 R25 10k Resistor 1/4W
63 R26 0 Wire Bridge
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Bill of Materials and Schematic

Table A-1. Bill of Materials (Sheet 3 of 6)

Position Part Device Description Package Supplier
64 R27 0,1 Resistor 1/4W
65 R28 120 Resistor 1/4W
66 R29 470 Resistor 1/4W
67 R30 470 Resistor 1/4W
68 R31 470 Resistor 1/4W
69
70
71
72 C1l 220uF 25V Electrolytic Capacitor D8 H11 RM3,5
73 c2 100nF 40V Ceramic Capacitor RM2,5
74 C3 100nF 40V Ceramic Capacitor RM2,5
75 C4 220uF 25V Electrolytic Capacitor D8 H11 RM3,5
76 C5 100nF 40V Ceramic Capacitor RM2,5
77 C6
78 Cc7 10uF 25V Electrolytic Capacitor D5 H11 RM3,5
79 C8 10uF 25V Electrolytic Capacitor D5 H11 RM3,5
80 Cc9
81 C10 10uF 25V Electrolytic Capacitor D5 H11 RM3,5
82 Cl1 10uF 25V Electrolytic Capacitor D5 H11 RM3,5
83 C12 10uF 25V Electrolytic Capacitor D5 H11 RM3,5
84 C13 100nF 40V Ceramic Capacitor 0805
85 Cl14 100nF 40V Ceramic Capacitor 0805
86 C15 10nF 40V Ceramic Capacitor 0805
87 Cl6 33nF 40V Ceramic Capacitor 0805
88 C17 22pF 40V Ceramic Capacitor 0805
89 C18 22pF 40V Ceramic Capacitor 0805
90 C19 22pF 40V Ceramic Capacitor 0805
91 Cc20 22pF 40V Ceramic Capacitor 0805
92 cz21 100uF 25V Electrolytic Capacitor D5 H11 RM3,5
93 Cc22 100uF 25V Ceramic Capacitor 0805
94 c23
95 C24 n.c
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Table A-1. Bill of Materials (Sheet 4 of 6)

Bill of Materials and Schematic

Position Part Device Description Package Supplier
96 C25 100uF 16V Ceramic Capacitor RM2,5
97 C26 0
98 c27 0
99 Cc28 330pF 35V Electrolytic Capacitor D10 H14 | RM5
100 C29 100nF 40V Ceramic Capacitor RM2,5
101 C30 10nF 40V Ceramic Capacitor RM2,5
102 C31 0
103 C32 10nF 40V Ceramic Capacitor RM2,5
104 C33 10nF 40V Ceramic Capacitor RM2,5
105 C34 22pF 40V Ceramic Capacitor RM2,5
106 C35 22pF 40V Ceramic Capacitor RM2,5
107 BC1 100nF 40V Ceramic Capacitor RM2,5
108 BC2 100nF 40V Ceramic Capacitor RM2,5
109 BC3 100nF 40V Ceramic Capacitor 0805
110 BC4 100nF 40V Ceramic Capacitor 0805
111 BC5 100nF 40V Ceramic Capacitor RM2,5
112
113
114
115 D1 ZD8,1 Zener Diode RM10
116 D2 LED Green D 3mm RM2,5
117 D3 1N4148 Diode Minimelf
118 D4 1N4148 Diode Minimelf
119 D5 1N4004 Diode RM10
120 D6 1N4004 Diode RM10
121 D7 1N4004 Diode RM10
122 D8 LED Red D3 RM2,5
123 D9 LED Red D3 RM2,5
124 D10 LED Red D3 RM2,5
125 P1 1k Potentiometer
126
127 Kabel 1 16 AWG Flat Cable with 2 Connectorn RM1,27
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Bill of Materials and Schematic

Table A-1. Bill of Materials (Sheet 5 of 6)

Position Part Device Description Package Supplier
128 Kabel 2 26 AWG Flat Cable with 2 Connectorn RM1,27
129
10| o (pe) | 4L Colder Sop Toxt | 100°200mm
131
132 SV5 Phoenix Connector
133
134 S1 Taster
135 S2 Taster
136 S3 Taster
137 S4 Taster
138 S5 Taster
139
140 JP1 3pol Pin
141 JP2 3pol Pin
142 JP3 3pol Pin
143 JP4 3pol Pin
144 JP5 3pol Pin
145 JP6 3pol Pin
146 JP7 2pol Pin
147 JP8 2pol Pin
148 JP9 0
149 JP10 3pol Pin
150 JP11 3pol Pin
151 JP12 3pol Pin
152 JP13 3pol Pin
153 JP14 3pol Pin
154 JP15 3pol Pin
155 JP16 3pol Pin
156 JP17 0
157 JP18 3pol Pin
158 JP19 3pol Pin
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Table A-1. Bill of Materials (Sheet 6 of 6)

Bill of Materials and Schematic

Position Part Device Description Package Supplier
159 JP20 3pol Pin
160 JP21 3pol Pin
161 JP22 3pol Pin
162 JP23 2pol Pin
163 JP24 3pol Pin
164 JP25 3pol Pin
165 JP26 3pol Pin
166 TP1 1pol Pin
167 TP2 1pol Pin
168 TP3 1pol Pin
169 TP4 1pol Pin
170 TP5 1pol Pin
171 TP6 1pol Pin
172 TP7 1pol Pin
173 X32a 8pol Pin
174 X32b 8pol Pin
175 X32c 8pol Pin
176 X32d 8pol Pin
177 XB32a 8pol Connector
178 XB32b 8pol Connector
179 XB32c 8pol Connector
180 XB32d 8pol Connector
181 X44a 11pol Pin
182 X44b 11pol Pin
183 X44c 11pol Pin
184 X44d 11pol Pin
185 XB44a 11pol Connector
186 XB44b 11pol Connector
187 XB44c 11pol Connector
188 XB44d 11pol Connector
189
190 Jumper 25Stck
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Figure A-1. CAN Reference Design Schematic with MC145487 (Sheet 6 of 6)
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Appendix B. Flowcharts and Source Code Files

B.1 Contents

B.2 Introduction

Parallel or Serial CAN Connection

B.2 Introduction. . . ... ... ...
B.3 Flowcharts .. ... ... ... .. .

B.4 SourceCodeFiles ............. ... . ..
CPTEST10.C — Application Main Function. ............
HARDWARE_HCO08.C — Hardware and MCU

SpecificRoutines. . .......... ... ..
CAN_DRIVER.C — CAN Driver Functions. . ............
CAN_CONTROLLER_MCP2510.C — Software Routines

for the CAN Controller MCP2510 ..................
CAN_CONTROLLER_SJA1000.C — Software Routines

for the CAN Controller SJA1000 . ..................
IRQTAB.C — Interrupt Vectors. . . . .......... ...
Include Files . . . ... .. . .
MCU _SELECT.H . ... e
Select the Hardware Configuration. . . .................
HARDWARE_HCO08.C — Register and Bit Definitions

forthe 6BHCO8 . ...... ... ... ... .. . . .
MCU_Hardware_Description.H — Hardware

DescriptionFile .. ... ... .. . .
MCU_ASSEMBLER_INSTRUCTIONS.H — In-Line

Assembler Commands ............. ... ... ... ...
CAN_CONTROLLER.H — CAN Controller Definitions . . ..
mcp2510.h — Include File for MPC2510 Registers . . . . . ..

This section will provide both flowcharts for the CAN reference design

(see Figure B-1) followed by the source code files.
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Flowcharts and Source Code Files

B.3 Flowcharts

START
init_mcu
init_sci 9600, 8, NO, 1
TRANSMIT “?" ONLY FOR TEST,
via SCI AFTER RESET
init_can INIT SJA1000
CONTROLLER OR MCP2510
TRANSMIT ONLY FOR TEST,
0.1,2,3,4,56,7 AFTER RESET
via CAN
Y
PORT D PORT D
USE LED OUTPUT FOR
AND/OR SWITCH MOTOR DRIVE
THE ACTUAL SOFTWARE USE
e ONLY THE MOTOR

FOREVER, CHECK SCI AND CAN
main_lop SEE (Sheet 2 of 3)

Figure B-1. CAN Reference Design Flowchart
(Sheet 1 of 3)
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Flowcharts
FROM (Sheet 1 of 3)
y
ONLY USE WITH
OTHER JUMPER
SETTING
sci_rec_valid
Y
COMMANDO
(Sheet 3 of 3)
TRANSMIT SCI
INFORMATION
VIA CAN
4
N Y
€R< can_rec
'y
N Y
rxmsg.DAT[0]==#
y
COMMANDO
(Sheet 3 of 3)
TRANSMIT CAN
INFORMATION
VIA SCI
|
Figure B-1. CAN Reference Design Flowchart
(Sheet 2 of 3)
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Flowcharts and Source Code Files

<VOID COMMANDO (DATAD

MOTOR STOP

A
MOTOR LEFT 4>€)

(A

MOTORRIGHT

SEND ADC VALUE
VIA CAN

Y

MOTOR STOP

L »( ewocommoo )=
v

Figure B-1. CAN Reference Design Flowchart
(Sheet 3 of 3)
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Source Code Files

B.4 Source Code Files

CPTEST10.C
Application Main Function

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

/* File: cp_test10.c */
/* */
/* Description: Min-Routines for CAN Reference design */
/* Author: Peter Dilger, ib.dilger@-online.de */
| * Haral d Kreidl, Haral d. Kreidl @mot orol a.com */
/* */
/* ____________________________________________________________________________ */
/* */
/* Version Description Dat e */
/* ___________________________________________________________________________ */
/* 1.0 Initial version 20. 02. 2001 */
/* */

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

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

/* Project Includes */

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

#i ncl ude "cpnsg. h"

#i nclude "MCU Assenbl er I nstructions. h"

#i ncl ude "MCU Hardware_Descri pti on_HC08. h"
#i ncl ude "MCU Har dwar e_Descri ption. h"
#include "CAN Controller.h"

[/ #i ncl ude <stdlib. h>

TCANMBgt Xxnmsg, r Xnsg;

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

/* Function void error( void ) */
/*********************************************************************************/

void error( void )

{}

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

/* Function void transmt_ADC( void ) */
/*********************************************************************************/

void transmt_ ADC( void )

_U08 tenp,tnp,i;
_U16 tmp_id = 0;

t xmsg. DATA[ 0] = ADR;
t xnmsg. LENGTH 1;
tnmp_id = ADR
tnmp_id &= 0x007f;
txnmsg. 1D = tnp_id;
tenp = ADR
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do /1 delay w th ADC-val ue
{ temp--;

tmp = 0;

for ( i=0;i<100; i++) tnp++;

3\/hile ( tenp !'=0);

tenmp= Send_Message_ bj ect ( & xnsg ) ; /1 transmit ADC- val ue
/*********************************************************************************/
/* Function void conmando( void ) */

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

voi d conmmando ( _U08 notorfunction )
{ switch( notorfunction )
{ case 0x30:

PTD &= ~PTD®; /* motor stop */
br eak;
case 0x31:
PTD &= ~PTD5;
PTD | = PTD4+PTD6;
br eak;
case 0x32:
PTD &= ~PTD4;
PTD | = PTD5+PTD6;
br eak;
case 0x33:
transmt_ADC();
br eak;
def aul t:
PTD &= ~PTD®; /* notor stop */

} /* switch */
} /*commando*/

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

/* Function void main( void ) */
/*********************************************************************************/

voi d mai n(voi d)

{ _U08 Status,tenp, tenpl,tenp2;
U08 st at us;

uo8 i =0;

U08 can_transbit=0;

U08 sci _tx_status=0;
U08 sci _tx_hit=0;

U08 sci _trans_status=0;
U08 *sci _tx_pointer;
U08 sci _tx_buffer[9];
U08 sci _test=0;

_U08 | ed_stat us=FALSE;

/* for demb with dc-nmotor the notorselct is true, dont use the |led and switch */
_U08not or _sel ect =TRUE; /1 for dem=TRUE

_U08 sci _rx_index=0;

_U08 sci_rx_buffer[9];
_U08sci _rec_valid = FALSE;
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txmsg. | D= 0x007f;
t xmsg. RTR= 0x00;
t xmsg. LENGTH= 8;
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t xmsg. DATA] 0] = 0x30;

t xmsg. DATA[ 1] = 0x31;

t xmsg. DATA[ 2] = 0x32;

t xmsg. DATA[ 3] = 0x33;

t xmsg. DATA[ 4] = 0x34;

t xnmsg. DATA[ 5] = 0x35;

t xnmsg. DATA[ 6] = 0x36;

t xmsg. DATA] 7] = 0x37;

/l--- start the hardware initialization routine ---------------------
Ini _nmcu(); /1 Initialise the 908GP32 or GR8

Ini _SC(); /1 Initialise SCI

tenp = SCSI;

tenp = SCDR;

temp = ' ?'; /'l test SClI

SCDR = tenp;

Initialize CAN Controller(); /1 Initialise the SJA1000 or MCP2510

tenp2= Send_Message_Object( & xmsg ); // test messsage CAN

[* f
if ( !'notor_select )
{ /* PTID4 CQut on led 3, PTD5 input S2,
PTD6 input S1 */
PTD | = PTD4; /* led off */
DDRD | = DDRE4; /* Led 3 on PTD4 */
PTDPUE | = PTDPUES +PTDPUES;

else /* nptor active*/

or denb with dc-notor the notorselct is 1, dont use the led and switch */
f

{ DDRD | = DDRE4+DDRE5+DDRES; /* PTD4,5,6 output for notordrive */
}
while( 1) /* forever */
{ if (!notor_select) /* switch and | eds */
{ if ('( PTD & 0x20)) /* s3 mask */
{ if (led_status)
{ led_status =FALSE;
PTD | = PTD4; /* led off */
el se
{ led_status = TRUE;
PTD &= ~PTD4; /* led on */
}
while (!( PTD & 0x20)); /* Rel ease button */
/* Push Button S3 */
if (!( PTD & 0x40)) /* s4 mask */
{ transmt_ ADC(); /* Tranmsmitt ADC val ue */
while (!'( PTD & 0x40)); /* Renove $4 */
} /* Push button S4 */
} /* End switch and | eds */
/* Use the DC notor */
if (sci_rec_valid) /* New message from SCl ? */
{ if(sci_rx_buffer[0] == "#") /* Check command */

{ commando( sci _rx_buffer[1] );
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/*

/*

/*

}
/*

temp = (SCS1 & 0x20);

i f

——

Alway transmt nessage via CAN
i = 0;
do
{ txmsg.DATA[iI] =
i ++;

} while ( (sci_rx_buffer[i]
t xmsg. LENGTH = i ;
txmsg. | D = 0x007f;
sci _rec_valid = FALSE;
tenp2= Send_Message_ Obj ect ( &t xnsQ) ;

} /* end new nessage from SCI */

tenmp2 = Receive_Message_Obj ect( & xnsg);

sci_rx_buffer[i];

new nmessage from CAN ? */
can_transbit = ( tenp2
if (can_transbit)
{ if(rxnmsg. DATA[Q] == "#")
{ comando(rxnsg. DATA[1]); /*sel ect command
}
sci_tx_bit = 1;

}

SCli transmitt activ
if ( sci_tx bit && !sci_tx_status)
{ /] start sci transmtt
for ( i=0;i<rxnsg. LENGTH;, i ++)

sci _tx_buffer[i] = rxnmeg. DATA[I];

sci _tx_buffer[i] = 0x00; //string end
sci _tx_status = 1;
sci _tx_pointer = &sci_tx_buffer;
sci_tx_bit = 0;

( sci_tx_status )

tenmp = (SCS1 & 0x80);

if (temp == 0x80 ) /*transnmitt enpty ? */
{ t

enp = *sci _tx_pointer++;

SCDR = tenp; /* transnmitt on byte */
if ( *sci_tx_pointer == 0x00) sci_tx_status
/* end sci transmtt activ*/
start receive */

/* receive state */

(temp == 0x20 )/* receive full ?2*/
tenp = SCDR; /* get byte */
sci _rx_buffer[sci _rx_index] = tenp;

SCi _rx_i ndex++;
if (sci_rx_index > 8)
sci_rx_index = 0;/* reset buffer*/
if ( tenp == 0x0d ) /* CR = end of nessage */
{ if (sci_rx_buffer[0] != 0x0d ) sci _rec valid

sci _rx_index = 0;
}
/* end receive */
/* while forever */
/] main
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= 0x0d) && ( 1<9));

/1 Send nessage via CAN

/' check nessage from CAN

*/
*/

/* command ?

*/

0 ; /*string end ?*/

= TRUE,
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HARDWARE_HCO08.C
Hardware and MCU Specific Routines
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/*******************************************************************************

Har al d. Kr ei dl @vbt or ol a. com

Hl STORY: Version 1.2 / 25-Nov-2000

/** include files **/

#i ncl ude" MCU_Sel ect. h"
#i ncl ude" MCU_Har dwar e_Descri pti on. h"

/** Public functions: Interrupt Service Routines**/

voi dADC | RQY void ); /1 ADC

voi dKBD | RQY void ); /'l Keyboard

voi dPLL_I R void ); /1 PLL

voi dl RQL_IRQY void ); /1 1 RQL

voi dSW _| RQ( void ); [l SW

voi dIRQ IRQ( void ); /1 1 RQL

voi dl ni _nctu( void ); /1 Initialsiation of the MCU

voi dwai t ( unsigned int );

DESCRI PTI ON: Hardware Interface Driver for 68HCO8 M crocontroller

AUTHOR: Copyright (c) 1998 by Mdtorola GrbH, Harald Kreidl,

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

voi dl ni _config( void ); /1 Initialise the CONFI G Regi sters

voi dl ni _PLL( void ); /1 Initialisz the CGM
voidlni _Timer( void );

voidlni _SClI( void );

voidlni _SPI( void );

voi dTERM O I nit( void );

voi dl ni _ADC( void );

void I ni _PTC(void);

/* Initialise the MCU */

voi dl ni _ncu( void )

{ Ini_config(); /1 Initialise the CONFI G Regi sters
Ini PLL(); /1 Initialisz the CGM

// TERM O Init();
Ini _Timer();

[11ni_SCl();
[11ni _SPI();
I ni _ADC();
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voi dl ni _config( void )
{ CONFI Q2| =OSCSTOPENB+SCI BDSRC; // Gscillator Stop Mdde Enable + SCI cl ocked by bus
CONFI G1| =LVI STOP+LVI 50R3+STOP+COPD;

}
voi dlni _PLL( void )
{ PCTL&=~PLLON /1 Switch off the PLL
/1 fRCLK = 32.768 kHz, fBus = 7.3728 M1z
/* PCTL| =PRE_0+VPR_2; /I P=0, E=2
PVS= 0x384; /1 N = 384
PVRS= 0xC0; /1 L =0Q0
PVDS= 1; /I R=1
*/
/1 fRCLK = 32.768 kHz, fBus = 4.9152 M1z
PCTL| =PRE_0+VPR_2; /I P=0, E=2
PVM5= 0x258; /1 N = 384
PVRS= 0x80; /1 L =0Q0
PVDS= 1; /I R=1
PCTL| =PLLON,; /1 Switch on the PLL
PBWC| =AUTO, /1 Automatic bandw dth control
/1 while( (PBWC & LOCK) ) {} // Wait to synchronize unlock the PLL
PCTL| = BCS; /1 Sel ect CGWCLK/2 as CGVOUT

// TEST CODE FOR PLL SETUP

/'l Follow ng tests the above PLL settings to see if the internal
/1 clock is set at the desired rate. Internal clock rate is 7x
/'l frequency sensed at bit 0 of port B.

// DDRB| =DDRBO;

/1 while( TRUE )
/1 {

/1 PTB| = PTBO;

/1 no_operation();
/1 no_operation();
/1 no_operation();
/1 TB &= ~PTBO;

/1 }

}

voidlni _Timer( void)

{

/1 1ni Timebase Module TBMfor 1 ms interrupts
TBCR&=~TBON; /* TBM switch of f*/
TBCR| =TBM 1+TBI E; /* 1 s interrupt, interrupt enable*/
TBCR| =TBON,; /* TBM swi tch on*/

/1 Timer 1 Initialisation
T1SC| =( TRST+TSTOP+I B1); // Reset, stop, prescaler = bus f / 1

T1MOD=0x FFFF;

/1 Timer 1 Channel 1 Qutput Conpare
T1SCO0=( OC_T+CHOI E) ; /1 Channel 0 OC, interrupts enabl ed*/
T1CHO=12;

/1l Timer 1 Channel 2 Input Capture
T1SCl=(1 C_R+CHOI E) ;
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T1SC&=~TSTOP;
}

voi dlni _SClI( void )
{ SCCl| = ENSCl +I LTY;

Start tiner 1*/

/1 9600bd

AD- Chanel 2 on PTB4 */

/] reset SPI
/1 SPlI nmster

/1 BD=128 sl ow for test

// SS=Cs =1

DDRD| = (DDRDO + DDRD2 + DDRD3); // Qutput

SCBR| = SCR_8;
SCC2| = RE+TE ;
}
voi dl ni _ADC( void )
{ ADSCR=0;
ADSCR| =ADCO + ADCH2;
ADCLK| =ADI CLK + ADI V1;
}
voi dlni _SPI( void )
{ SPCR =0;
SPCR| =SPMSTR;
SPSCR| =SPR0+SPR1;
PTD| = PTDO;
SPCR| =SPE;
}

voi dlni _Port( void )

/'l SPlI enable

/* MC33388 signal, select GRO8 and GP32 */

#i f HCO8GP32 == TRUE
PTC| = PTC5+PTCS;
DDRC | = DDRC5+DDRCS;

#endi f

#i f HCO8GR8 == TRUE
PTC| = PTCO+PTC1;
DDRC| = DDRCO+DDRC1;

#endi f

}

/*

Parallel or Serial CAN Connection

/* PTC5= STB , PTC6=EN

/* PTC0=STB, PTCl=EN
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* ADC I RQ *
FI LENAME: E: \ Sof t war e\ Canki t\ Har dwar e. ¢

PARAMETERS: NONE
DESCRI PTI ON: ADC I nterrupt Service Routine

RETURNS: NONE

#ifdef _ HHWARE

#pragma TRAP_PRCC

void ADC | RQ void )

#el se /* COSM C C- Conpi | er-vendor non-ANSI declaration of interrupt function */
@nterrupt voi dADC | RQ(void )

#endi f
{}
/*
** KBD | RQ
*
*  F|I LENAME: E:\ Sof t war e\ Canki t\ Har dwar e. ¢
*
*  PARAMETERS: NONE
*
*  DESCRI PTI ON: KBD I nterrupt Service Routine
*
*  RETURNS: NONE
*
*

/

#i fdef __H WARE__

#pragma TRAP_PRCC

void KBD_ I RQ void )

#el se /* COSM C C- Conpi | er-vendor non- ANSI decl aration of interrupt function */
@nterrupt voi dKBD | RQ void )

#endi f

{

}

/*
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*

PLL_I RQ

FI LENAME: E:\ Sof t war e\ Canki t\ Har dware. ¢
PARANMETERS: NONE

DESCRI PTI ON: PLL I nterrupt Service Routine

RETURNS: NONE

E o R A I

~

#ifdef __ HIWARE__

#pragma TRAP_PRCC

void PLL_IRQY void )

#el se /* COSM C C- Conpi | er-vendor non-ANSI declaration of interrupt function */
@nterrupt voidPLL | RQY void )

#endi f
{
}
/*
** | RQL_IRQ
*
*  FI LENAME: E:\ Sof t war e\ Canki t\ Har dwar e. ¢
*
*  PARAMETERS: NONE
*
* DESCRIPTION: | RQL I nterrupt Service Routine
*
*  RETURNS: NONE
*
*

/

#i fdef __H WARE__
#pragma TRAP_PRCC
void RQL_IRQY void )
#el se /* COSM C C- Conpi | er-vendor non- ANSI decl aration of interrupt function */
@nterrupt voidlRQL IR void )
#endi f
{ /1 1SCR =ACK1;/* Acknow edge the interrupt requeset*/
#i fdef __H WARE _
asn{
JMP$OFFO0

#el se

_asnm("jnp $ff00\n");
#endi f

}

#i fdef __H WARE__

#pragma TRAP_PRCC

void IRQIRY void)

#el se /* COSM C C- Conpi | er-vendor non- ANSI decl aration of interrupt function*/
@nterrupt voidl RQ IRQY void)

#endi f
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{ /1 1SCR =ACK1;/* Acknow edge the interrupt requeset*/
#i fdef __H WARE__

asn{
JMP$OFFO0

#él se /* COSM C C- Conpil er-vendor non-ANSI declaration of interrupt function */
_asnm("jnp $ff00\n");

#endi f
}
/*
** SW_IRQ
*
* FILENAME: E:\ Sof t war e\ Canki t\ Har dware. c
*
*  PARAMETERS: NONE
*
* DESCRI PTION: SW Interrupt Service Routine
*
*  RETURNS: NONE
*
*

/

#i fdef _ HHWARE

#pragma TRAP_PRCC

void SW_IRQY void )

#el se /* COSM C C- Conpi | er-vendor non-ANSI declaration of interrupt function*/
@nterrupt voidSW | RQ void)

#endi f

{

}

#i fdef __H WARE__

#pragma TRAP_PRCC

void SCl_Tx_IRQ void )

#el se /* COSM C C- Conpi | er-vendor non- ANSI decl aration of interrupt function*/
@nterrupt voidSCl _Tx_IRQY void )

#endi f

{

}

#ifdef _ HHWARE

#pragma TRAP_PROCC

void SC _Rx_I RQ void )

#el se /* COSM C C- Conpi | er-vendor non-ANSI declaration of interrupt function*/
@nterrupt voidSCl_Rx IRQ void)

#endi f

{

/1 1nclude Application Code Here

}
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#i fdef __H WARE__

#pragma TRAP_PRCC

void SCI_Error I RQ void)

#el se /* COSM C C- Conpi | er-vendor non- ANSI
@nterrupt voidSCl _Error _IRQY void )
#endi f

{
}

#i fdef _ HHWARE

#pragma TRAP_PRCC

void SPI_Tx_IRQ void )

#el se /* COSM C C- Conpi | er-vendor non- ANSI
@nterrupt voidSPI _Tx IRQY void)

#endi f

{

}

#i fdef _ HHWARE

#pragma TRAP_PRCC

void SPI_Rx_I RQ void )

#el se /* COSM C C- Conpi | er-vendor non- ANSI
@nterrupt voidSPI _Rx I RQ void )

#endi f

{

}

#i fdef __H WARE__

#pragma TRAP_PRCC

void TIM_Overflow | RQ( void )

#el se /* COSM C C- Conpi | er-vendor non- ANSI
@nterrupt voidTIM2_Overflow I RQY void )
#endi f

{
}

#i fdef _ HHWARE

#pragma TRAP_PRCC

void TIM_Channel 1 IRQ void )

#el se /* COSM C C- Conpi | er-vendor non- ANSI
@nterrupt void TIM_Channel 1 | RQY void)
#endi f

{
}

#i fdef __H WARE__

#pragma TRAP_PRCC

void TI M2_Channel 0_I R void )

#el se /* COSM C C- Conpi | er-vendor non- ANSI
@nterrupt voidTlI M2_Channel 0_I RQ void )
#endi f

{

}
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#i fdef __H WARE__

#pragma TRAP_PRCC

void TIML Overflow IRQ( void )

#el se /* COSM C C- Conpi | er-vendor non- ANSI decl aration of interrupt function*/
@nterrupt voidTIML_Overflow | RQY void )

#endi f

{
}

#i fdef _ HHWARE

#pragma TRAP_PRCC

void TIML_Channel 1 I RQ void )

#el se /* COSM C C- Conpi | er-vendor non-ANSI decl aration of interrupt function*/
@nterrupt voidTlIML_Channel 1_I RQY void )

#endi f

{
}

#i fdef _ HHWARE

#pragma TRAP_PRCC

void TIML_Channel 0_IRQ void )

#el se /* COSM C C- Conpi | er-vendor non-ANSI decl aration of interrupt function*/
@nterrupt void TIML_Channel 0_I R void )

#endi f

{
}

#i fdef __H WARE__

#pragma TRAP_PRCC

void Tinebase |RQY void)

#el se /* COSM C C- Conpi | er-vendor non- ANSI decl aration of interrupt function*/
@nterrupt void Tinebase |RQ void)

#endi f

{

}
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CAN_DRIVER.C
CAN Driver Functions

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

/'l Project Includes

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

#i ncl ude "cpcore. h"

#i ncl ude "MCU Assenbl er | nstructions. h"
#i ncl ude "CAN Controller.h"

#i ncl ude <stdlib. h>

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

Functi on Nane: Send_Message_ (bj ect () *
* Description: Sends a nessage object of a maxi mum of 8 bytes through *
* the CAN interface *
* Not es: This routine copies the message object into the appropriate *
* registers in the stand-al one CAN controller and starts the *
* transm ssion. After successful transmission it returns a 1, *
* ot herwi se a 0. *
* | nput: char * objectPointer to the nessage object *
* Qut put: 1 Successful transm ssion *
* 0 Transmission failed *
EE I A S b I I R R S S R R I I R S R R R I R S R R S R R I R I I I S I I R I
* Updat e Hi story: *
* Rev Dat e Aut hor Description of Change *
* *
* 0.1 08-Jan- 01 Haral d Kreidl Initial release, *
* Specification of this function *
* 1.0 Feb-01 P.Di |l ger rel ase *
* % %

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

#if SJA1000 == TRUE

unsi gned char Send_Message_hj ect( TCANMsg *at xnsg )

{ _U08 tnp,tenpl;

U08 byt e0, byt el, byt e2, byt €3, byt e4, byt e5, byt €6, byt e7;

if (! (Read _Byte( StatusReg ) & 0x04) )// Check Transmit Buffer Access

{ return CAN ERR XMIFULL;// transmit buffer |ocked

}

if ( Read_Byte( StatusReg )& 0x20 )

{ return CAN_ERR_XMTFULL;

}

Wite Byte( TxBufferl, (_U08)(atxnsg->ID >> 3) );// Fill transmt buffer
tnp = ( ((_U08) atxmsg->ID & 0x07) << 5) | (atxmsg->LENGTH & 0xO0f);// Length
if ( atxmsg->RTR)

{ Wite Byte( TxBuffer2, tnp | 0x10 ) ;// sende renote-request-Mssage
}

el se

{ /* wite buffer to SJIA*/

Wite Byte( TxBuffer2, tnmp ) ;

Wite_ Byte(TxBufferl+2, atxnsg->DATA[O0]);
Wite Byte(TxBufferl1+3, atxnsg->DATA[1]);
Wite Byte(TxBufferl+4, atxnsg->DATA[2]);
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Wite Byte(TxBufferl+5, atxnsg->DATA[3])
Wite Byte(TxBufferl+6, atxnsg->DATA[4])
Wite Byte(TxBufferl+7, atxnsg->DATA[5])
Wite_ Byte(TxBufferl1+8, atxnsg->DATA[6])
Wite_ Byte(TxBufferl1+9, atxnsg->DATA[7]) ;

}
/* Transnit data by setting of TRANSM SSI ON REQUEST */
Wite Byte( CommandReg, TR Bit); /* Start transmtion */
return( CAN ERR X );
}
/***********************************************************************************
Functi on Nane: Recei ve_Message_ hj ect () *
* Description: Receives a nessage object of a nmaxi mum of 8 bytes through the CAN
* i nterface *
* Notes: This routine checks with the CAN stand-alone controller if there has been*
* recei ved a nmessage. |If there was a nmessage this is copied into the*
* RX MESSAGE OBJECT and a 1 is returned. If there was no new nessage object in*
* the receive buffer of the controller a 0 is returned.*
* I nput: none *
* Qutput:1 Successful receiption *
* 0 No nessage received *
R IR S 2k I I R R I O R R S R R I I Sk I S R R I R I S S R I S Rk Sk S S S
* Updat eHi story: *
* Rev Date Aut hor Descri ption of Change*
* e e e e e e e e e e e *
* 0.1 08-Jan-01 Harald Kreidl Initial release, Specification of this function*

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

unsi gned char Recei ve_Message (bj ect (TCANMsg *ar xnsg )
{ _U08received ;

_U08result = 0;

_Uo8l dentifier_high, Identifier_low Length, Status;

/************************ recel ve **************************/

received = 0 ;

Status = Read Byte( StatusReg );

if ( Status & 0x01 )

{ /* Receive buffer status == full 2?2 */
received = 1 ;
Identifier_high = Read Byte( RxBufferl );
Identifier |ow = Read_Byte( RxBuffer2 );
Length = ldentifier_|ow
arxnsg->ID = ((ldentifier_high << 3) | (ldentifier_low >> 5);
arxmsg- >LENGTH = Length & 0OxOf ;
if( Length & 0x10 )

{ arxnsg->RTR =1 ; /* RTR-Bit =1 ! */
}
el se

{ /* read buffer */
arxnsg->RTR = 0 ;
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ar xmsg- >DATA] 0]
ar xmsg- >DATA[ 1]
ar xmsg- >DATA| 2]
ar xnmsg- >DATA[ 3]
ar xnmsg- >DATA[ 4]
ar xnmsg- >DATA[ 5]
ar xmsg- >DATA] 6]
ar xmsg- >DATA] 7]

Read Byt e( RxBuffer1+2
Read Byt e( RxBuffer1+3
Read Byt e( RxBufferl1+4
Read_Byt e( RxBuffer1+5
Read_Byte( RxBuffer1+6
Read_Byt e( RxBuffer1+7
Read Byt e( RxBuffer1+8
Read Byt e( RxBuffer1+9

N N N N e N N

/* rel ease receive buffer */
Bit_Set( ConmandReg, RRB Bit) ;
/* '"Overrun' -reset */
if ( Read Byte( StatusReg ) & 0x02 )
{ result |= CAN_ERR OVERRUN ;

Bit Set( CommandReg, CDO Bit);
}

/********************* error handl | ng ***********************/

if ( Status & 0x80 )
{ [/*** Bus-Of: Controller is NOT involved in bus activities */
result | = CAN _ERR BUSOFF ;
/*** Reset request auf 'absent' */
Bit_C ear( MddeControl Reg, (!RMRR Bit)) ;
}
el se
{ [/*** Bus-On: Controller is involved in bus activities **/
if ( Status & 0x40 )
{ [/* FErrorcounter on limt */
result | = CAN_ERR BUSERROR ;
}

f (! received ) result |= CAN_ERR RCVEMPTY ;
return result ;
} /* End of CAN Read() */

}
i

#endi f /1 SJA node
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#i f MCP2510 == TRUE

unsi gned char Send_Message (hject( TCANMsg *at xnsg )
{ _U08 tnp,tenpl;
_U16 tmp2;
tmp2 = atxnsg->ID >> 3;
Spi _Wite(TXBOSIDH, ((_U08) tnp2));/* ident hi */
t mp2=( at xnmsg->ID << 5);
tmp2 = tnp2 & 0x00e0;
Spi _Wite(TXBOSIDL, (_U08)tmp2);/* ident |ow */
Spi _Wite(TXBODCL, at xnmsg- >LENGTH) ; / * LENGTH */

Spi _Wite(TXBODO, at xmsg- >DATA[ 0] ) ;
Spi _Wite(TXBODO+1, at xnmsg- >DATA[ 1] ) ;
Spi _Wite(TXBOD0+2, at xnmsg- >DATA[ 2] ) ;
Spi _Wite(TXBOD0+3, at xnmsg- >DATA[ 3] ) ;
Spi _Wite(TXBOD0+4, at xmsg- >DATA[ 4] ) ;
Spi _Wite(TXBOD0O+5, at xmsg- >DATA[ 5] ) ;
Spi _Wite(TXBOD0O+6, at xmsg- >DATA[ 6] ) ;
Spi _Wite(TXBOD0+7, at xnmsg- >DATA[ 7] ) ;
Spi _CAN Start(); /*start transmtt*/
return( CAN ERR K );
} /*end Send_Message_ (bj ect*/

unsi gned char Recei ve_Message_(bj ect (TCANMsg *ar xnsg
{ _U08received ;
_U08result = 0;

_uUo8ldentifier_high, Identifier_ |ow Length, Status;

result = 1;

Status = Spi_read_status();

i f( Status &0x01)

{ [/* read buffer */
ar xmsg- >LENGTH =Spi _r ead( RXBODLC) ;
arxnmsg->RTR = 0
ar xnmsg- >DATA[ 0]
ar xnmsg- >DATA[ 1]
ar xnmsg- >DATA[ 2]
ar xmsg- >DATA| 3]
ar xmsg- >DATA| 4]
ar xmsg- >DATA] 5]
ar xnmsg- >DATA[ 6]
ar xnmsg- >DATA[ 7]

Spi _read( RXBODO );

Spi _read( RXBODO+1 )
Spi _read( RXB0OD0O+2 )
Spi _read( RXBODO+3 );
Spi _read( RXBOD0O+4 );
Spi _read( RXBODO+5 );
Spi _read( RXBOD0O+6 );
Spi _read( RXBODO+7 );

Spi _Bi t Mode( CANI NTF, 0x03,0x00 );/* reset info */

result = 0;

}

return result ;
} /* End Receive_Message_bj ect*/

#endi f /* MCP2510 node*/
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CAN_CONTROLLER_MCP2510.C
Software Routines for the CAN Controller MCP2510

#i ncl ude" conpi l er. h"
#i ncl ude" CAN Control ler. h"
#i ncl ude" MCU_Har dwar e_Descri pti on. h"

#i f MCP2510 == TRUE

TX_MESSAGE_BUFFERCAN_Tx_Buf f er 0;
RX_MESSAGE_BUFFERCAN_Rx_Buf f er 0;
extern TCANMsg t xnsg;
extern TCANMsg rXxnsg;

voi dBus_I nput ( void ) /1 adress/data-bus is output

{ DDRA= DDRA & 0x81,; /1 bit 1-6 for bus, input
DDRB= DDRB & Ox3F; /1 bit 6-7 for bus, input

}

voi dBus_Qut put ( void ) /] adress/data-bus is output

{ DDRA= DDRA | Ox7E; /1 bit 1-6 for bus, output
DDRB= DDRB | 0xCO; /1 bit 6-7 for bus, output

}

voi dAddress_To_Bus( _U08 address )
{ Bus_Qutput();
PTB = address; /1 only bit 6-7
address = address << 1;
PTA = address;
Bus_Qut put () ;

voi dDat a_To_Bus( _U08 data )
{ Bus_Qutput();

PTB = dat a;
dat a= data << 1;
PTA = data;

}

_U08Dat a_From Bus( void )

{ _U08tenpl, tenp2;
tenpl= PTA /1 only bit 0-5
templ= tenpl >> 1;
tenp2= PTB;
tenmp2= tenp2 & 0xCO; // only bit6-7
return( tenpl | tenp2 );

}

/* Read the register with the adress in sja_adress fromsja in the sja_data */
_UOBRead _Byte( _U08 address )
{ _UO8PTD_Save;

_U08byt e;
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PTD Save = PTD & OxFO; /1 Bit 0 - 3 for signal
byt e= PTD Save | read_cycl e O;
PTD = byte;

Bus_Qut put () ;
Address_To_Bus( address );
Bus_Qut put () ;

PTD = PTD Save | read_cycle_ 1;
PTD = PTD Save | read_cycle_2;
Bus_ | nput ();

PTD = PTD Save | read_cycle_3;
byt e= Data_From Bus();

PTD = PTD Save | read_cycle_ 2;
PTD = PTD Save | read_cycle_ 1;
return( byte );

voi dWite Byte( _U0O8 address, _U08 data ) /1 wite the sja _data into sja_adress
{ _UO8PTD Save;

PTD_Save = PTD,

PTD Save = PTD Save & 0xFO; /1 bit0-3 for signal

PTD = PTD Save | wite_cycle_0;

Bus_Qut put () ;

Address_To Bus( address );

Bus_Qut put () ;

PTD = PTD Save | wite_cycle 1;

PTD = PTD Save | wite_cycle_2;

PTD = PTD Save | wite_cycle_3;

Data_To_ Bus( data );

PTD = PTD_Save | wite_cycle_2;
PTD = PTD_Save | wite_cycle_1;
PTD = PTD_Save | wite_cycle_O;
Bus_| nput ();
}
voi dBit _Set( _U08 address, _U08 mask )
{ _U08tenp;
tenp= Read Byte (address);
temp= tenmp | mask;
Wite Byte ( address, tenp);
}
voi dBit_Clear( _U08 address, _U08 mask )
{ _U08tenp;
tenp= Read_Byte (address);
temp= tenmp & mask;
Wite Byte ( address, tenp);
}
void Initialize CAN Controller( void )
{ _U08 tenp;
_U08 tenp2;
PTD = write_cycle_1; /1 Control signal for SJA1000
DDRD| = ( DDRDO + DDRD1 + DDRD2 + DDRD3); /1 Qutput
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Wite Byte( MddeControl Reg, RM RR Bit ); /1 CAN controller in reset node
Wite Byte( CommandReg, (CDO Bit + RRB Bit + AT Bit) );
Wite Byte( AcceptCodeReg, 0 ); /1 Al nmessages are received

Wite Byte( Accept MaskReg, OxFF );

Wite_ Byte( BusTi ni ngOReg, can_baudO_20k ); // 20 kBaud

Wite_ Byte( BusTinm nglReg, can_baudl 20k );

Wite Byte( O ockDi videReg, (DivByl+CBP Bit) );

Wite Byte( QutControl Reg, (TxOPshPull + Nornmal Mbde) );

Wite Byte( MddeControl Reg, 0 ); /1 CAN controller out of reset node
/* END Initialize CAN Controller */

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

* % Xk kX 3k X F F

~

CAN Wite()
Send nessage via CAN bus.
The nmessage is taken from' PCANMsg->' ueber nehnen.
I nput :
PCANMsg: Pointer to nessage buffer
Cut put :
Error Bit field nmask
0: Message was successfully sent
CAN_ERR _XMTFULL: Transmi ssion active, Message was not sent

// _UOBCAN Wite( TCANMsEg *PCANMBg )
_UOBCAN Wite( void )

{

_U08 tnp;

/] test test

_U08 bytel, byte2, byte3, byted4, byteb, byte6, byte7, byte8,testl,test?2;

if (! (Read_Byte( StatusReg ) & 0x04) ) /1 Check 'Transmit Buffer Access
{ return CAN_ ERR XMIFULL;// transmt buffer |ocked
}

if ( Read _Byte( StatusReg )& 0x20 )
return CAN_ERR XMIFULL;

{
}
Wite Byte( TxBufferl, (_U08)(txnsg.ID >> 3) ); // Transmit Puffer fuellen
nmp = ( ((_U08) txmsg.ID & 0x07) << 5) | (txnmsg.LENGTH & 0xO0f); /1 Length
f ( txnsg. RTR)

Wite Byte( TxBuffer2, tnp | 0x10 ) ;// sende renvote-request-Mssage

t
i
{
}
el se
{ /* Send data bytes */

Wite Byte( TxBuffer2, tmp ) ;

/* den ganzen Sendepuffer in den Controller bewegen */

Wite Byte(TxBufferl+2, txmsg. DATA[0]) ;

Wite Byte(TxBufferl1l+3, txmsg.DATA[1]) ;

Wite Byte(TxBufferl+4, txmsg.DATA[2]) ;

Wite_ Byte(TxBufferl+5, txmsg.DATA[3]) ;

Wite_ Byte(TxBufferl1+6, txmsg.DATA[4]) ;

Wite Byte(TxBufferl1l+7, txmsg.DATA[5]) ;

Wite Byte(TxBufferl1l+8, txmsg. DATA[6]) ;

Wite Byte(TxBufferl1l+9, txmsg.DATA7]) ;
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[/l test test

/* bytel = Read Byte(TxBufferl1l+0 );
byt e2 = Read Byte(TxBufferl+l );
byt e3 = Read_Byt e( TxBuf fer 1+2) ;
byt e4 = Read_Byt e( TxBuf fer1+3) ;
byt e5 = Read_Byt e( TxBuf fer1+4) ;
byt e6 = Read_ Byt e( TxBuf f er 1+5) ;
byt e7 = Read_Byt e( TxBuf f er 1+6) ;
byt e8 = Read_ Byt e( TxBuf fer 1+7) ;
byt e8 = Read_Byt e( TxBuf f er 1+8) ;
byt e8 = Read_Byt e( TxBuf f er 1+9) ;
testl = Read_Status();

*/

/* Transnit data by setting of TRANSM SSI ON REQUEST */
Wite Byte( ConmmandReg, TR Bit);
/1l test2 = Read_Status();
return( CAN_ ERR X );

}

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

*  CAN Read( void)

* Polling Routine:

* - The received nessage is transfered int the buffer 'PCANMVsg->’
* - Check the bus status and if necessary reset the CAN controller
* lnput:

* PCANMsg: Pointer to nessage buffer of the received nessage

*  Qutput:

* Error bit field mask

* 0 : Receiption conpleted, new nessage in ' PCANMsg- >'

* CAN_ERR _RCVEMPTY: no message was received

* CAN_ERR OVERRUN : next nessage cane before the previous nmessage could be read
* CAN_ERR BUSERRCR: Bus errors happened

* CAN_ERR BUSCFF: CAN controller was in bus off state

* and was activated afterwards

*

/

_U08 CAN _Read( void )
{ _U08received ;
_U0Bresult = 0;
_uUo8ldentifier_high, Identifier |ow Length, Status;

/************************ ReCeI ve data **************************/

received = 0 ;

Status = Read Byte( StatusReg );

if ( Status & 0x01 )

{ [/* Receive buffer status == full ? */
/*** Recei ve nessage */
received = 1 ;
Identifier_high = Read_Byte( RxBufferl );
Identifier |ow = Read_Byte( RxBuffer2 );
Length = ldentifier_|ow
rxnseg. 1D = ((ldentifier_high << 3) | (ldentifier_low) >> 5);
rxmsg. LENGTH = Length & OxOf ;
i f( Length & 0x10 )
{ rxmsg.RTR =1 ; /* Set RTR bit */
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}

el se
{ [/* Copy whole receive buffer to CAN RWABUFF
rxmsg. RTR = 0;

rxnmsg. DATA[ 0] = Read_Byte( RxBuffer1+2 );
rxnmsg. DATA[ 1] = Read_Byte( RxBuffer1+3 );
rxnsg. DATA[ 2] = Read_Byte( RxBufferl1+4 );
rxnsg. DATA[ 3] = Read_Byte( RxBuffer1+5 );
rxnsg. DATA[ 4] = Read_Byte( RxBuffer1+6 );
rxnmsg. DATA[ 5] = Read_Byte( RxBuffer1+7 );
rxnmsg. DATA[ 6] = Read_Byte( RxBuffer1+8 );
rxnmsg. DATA[ 7] = Read_Byte( RxBuffer1+9 );

/* rel ease receive buffer */

Bit Set( CommandReg, RRB Bit) ;

/* Clear 'Overrun' condition */

if ( Read_Byte( StatusReg ) & 0x02 )

{ result |= CAN_ERR OVERRUN ;
Bit_Set( ConmandReg, CDO Bit);

}

Flowcharts and Source Code Files
Source Code Files

/********************* Error process' ng ***********************/

Status = Read Byte( StatusReg );
if ( Status & 0x80 )

{ [/*** Bus-Of: Controller is NOT involved in bus activities */

result | = CAN _ERR BUSOFF ;
/*** Reset request auf 'absent' */
Bit O ear( MdeControl Reg, ('RMRR Bit)) ;

/* CAN controller in bus on state after the receiption of 128 * 11

consecutive recessive bits

}

el se

*/

{ [/*** Bus-On: Controller is involved in bus activities **/

if ( Status & 0x40 )

{ [/*** Error counter reached limt
result | = CAN_ERR BUSERROR ;

}

}
if (! received ) result |= CAN ERR RCVEMPTY ;
return result ;

} /* End of CAN Read() */

_UOBRead_Status( void )

{ return( Read Byte( StatusReg ) );

}

#endi f // MCP2510

Parallel or Serial CAN Connection

*/
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CAN_CONTROLLER_SJA1000.C
Software Routines for the CAN Controller SJA1000

#i ncl ude “conpiler.h"
#i ncl ude "CAN Controller.h"
#i ncl ude "MCU_Har dwar e_Descri ption. h"

#i f SJA1000 == TRUE

extern TCANMsg t xXnsg;
extern TCANMsg rXxXnsg;

voi dBus_I nput( void ) /1 adress/data-bus is output

{ DDRA= DDRA & 0x81; /1 bit 1-6 for bus, input
DDRB= DDRB & Ox3F; /1 bit 6-7 for bus, input

}

voi dBus_CQutput( void ) /1 adress/data-bus is output

{ DDRA= DDRA | OXT7E; /1 bit 1-6 for bus, output
DDRB= DDRB | 0xCO; /1 bit 6-7 for bus, output

}

voi dAddress_To_Bus( _U08 address )
{ Bus_Qutput();
PTB= addr ess; /1l only bit 6-7
address = address << 1;
PTA= address;
Bus_Qut put () ;

voi dData_To_Bus( _U08 data )
{ Bus_Qutput();

PTB = dat a;
data= data << 1;
PTA= dat a;

}

_U08Dat a_From Bus( void )
{ _UO8tenpl, tenp2,

templ= PTA /1 only bit 0-5
tenmpl= tenpl >> 1;

tenp2= PTB;

tenp2= tenp2 & 0xCO; /1l only bit6-7

return( tenpl | tenp2 );
}

_UOBRead_Byte( _U08 address ) /1 read the register with the adress
/1 in sja_adress fromsja in the sja data
{ _UO8PTD Save;
_U08hyt e;

PTD _Save= PTD & OxFO; /1 Bit 0 - 3 for signal

byt e= PTD Save | read_cycle_0;
PTD= byte;
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Bus_Qut put () ;
Address_To Bus( address );
Bus_Qut put () ;

PTD= PTD Save | read_cycle_1;
PTD= PTD Save | read_cycle_2;
Bus_| nput ();

PTD= PTD Save | read_cycle_3;
byt e= Data_From Bus();

PTD= PTD Save | read_cycle_2;
PTD= PTD Save | read_cycle_1;
return( byte );

dWite Byte( _U08 address, _U08 data ) /1 wite the sja_data into sja_adress
_UO8BPTD_Save;

PTD Save = PTD,

PTD Save = PTD Save & 0xFO; /1 bit0-3 for signal
PTD= PTD Save | wite_cycle O;

Bus_Qut put () ;

Address_To Bus( address );

Bus_Qut put () ;

PTD= PTD Save | wite_cycle_1;

PTD= PTD Save | wite_cycle_2;

PTD= PTD Save | wite_cycle_3;

Data_To Bus( data );

PTD= PTD Save | wite_cycle_ 2;

PTD= PTD Save | wite_cycle_1;

PTD= PTD Save | wite_cycle_O;

Bus_ | nput ();

dBit_Set( _U08 address, _U08 mask )
_U08t enp;

tenp= Read_Byte (address);

temp= tenmp | mask;

Wite Byte ( address, tenp);

dBit_Clear( _U0O8 address, _U08 nask )
_U08t enp;

tenp= Read_Byte (address);

tenp= tenp & nask;

Wite Byte ( address, tenp);

dinitialize CAN Controller( void )

_U08 tenp;

_U08 tenp2;

PTD= wite cycle_ 1; /1 Control signal for SJA1000
DDRD| = ( DDRDO + DDRD1 + DDRD2 + DDRD3); /1 Qutput

Wite Byte( MbdeControl Reg, RMRR Bit ); // CAN controller in reset node
Wite Byte( CommandReg, (CDO Bit + RRB Bit + AT Bit) );

Wite_ Byte( AcceptCodeReg, 0 ); /1 Al messages are received
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Wite Byte( Accept MaskReg, OxFF );

Wite Byte( BusTim ngOReg, can_baudO 20k );// 20 kBaud

Wite Byte( BusTim nglReg, can_baudl 20k );

Wite Byte( C ockDivideReg, (DivByl+CBP Bit) );

Wite Byte( OutControl Reg, (TxOPshPull + Normal Mbde) );

Wite_ Byte( MddeControl Reg, 0 ); /1 CAN controller out of reset node
/* END Initialize CAN Controller */

_UOBCAN Wite( void )

{ _U08 tnp;
/] test test
_U08 bytel, byte2, byte3, byted4, byteb, byte6, byte7, byte8,testl,test?2;
if (! (Read _Byte( StatusReg ) & 0x04) ) /1l Check 'Transmt Buffer Access
{ return CAN_ERR XMTFULL; /1l transmt buffer |ocked
}
if ( Read_Byte( StatusReg )& 0x20 )
{ return CAN_ERR XMIFULL;
}
W|te _Byte( TxBuffer1, (_U08)(txmsg.ID >> 3) ); // Transmt Puffer fuellen
tnp = ( ((_U08) txnmsg.ID & 0x07) << 5) | (txnmsg.LENGTH & 0x0f); /1 Length
i f ( txrrsg RTR )
{ Wite Byte( TxBuffer2, tnp | 0x10 ) ;// sende renote-request-Mssage
}
el se
{ /* sende data bytes */
Wite Byte( TxBuffer2, tnmp ) ;
/* Copy send buffer into the CAN controller */
Wite Byte(TxBufferl1+2, txmsg. DATA[O]);
Wite Byte(TxBufferl1l+3, txnmsg. DATA[1]);
Wite Byte(TxBufferl+4, txnmsg. DATA[2]);
Wite Byte(TxBufferl+5, txnmsg. DATA[3]);
Wite Byte(TxBufferl1+6, txmsg. DATA[4]);
Wite Byte(TxBufferl1+7, txmsg. DATA[5]);
Wite Byte(TxBufferl1+8, txmsg. DATA[6]);
Wite Byte(TxBufferl1l+9,txnsg. DATA[7]);
}
/* transmit data by setting of TRANSM SSI ON REQUEST */
Wite Byte( CommandReg, TR Bit);
return( CAN_ ERR X );
}
_UO8CAN_Read( void )
{ _U08received ;
_U08result = 0;
_Uo8ldentifier_high, Identifier_low Length, Status;
received = 0 ;
Status = Read Byte( StatusReg );
if ( Status & 0x01 )
{ /* Receive buffer status == full 2?2 */
received = 1 ;
Identifier_high = Read_Byte( RxBufferl );
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Identifier |ow = Read_Byte( RxBuffer2 );
Length= Identifier_I|ow

rxnseg. 1D = ((ldentifier_high << 3) | (ldentifier_low) >> 5);

rxmsg. LENGTH = Length & OxOf ;

i f( Length & 0x10 )

{ rxmsg.RTR =1 ; /* RTR-Bit gesetzt! */
}

el se

{ rxmsg.RTR =0

rxnmsg. DATA[ 0] = Read_Byte( RxBuffer1+2 );
rxnmsg. DATA[ 1] = Read_Byte( RxBuffer1+3 );
rxnmsg. DATA[ 2] = Read_Byte( RxBufferi1+4 );
rxnsg. DATA[ 3] = Read_Byte( RxBuffer1+5 );
rxnsg. DATA[ 4] = Read_Byte( RxBufferl1+6 );
rxnsg. DATA[ 5] = Read_Byte( RxBuffer1+7 );
rxnsg. DATA[ 6] = Read_Byte( RxBuffer1+8 );
rxnmsg. DATA[ 7] = Read_Byte( RxBuffer1+9 );

/* rel ease receive buffer */

Bit Set( CommandReg, RRB Bit) ;

/* 'Overrun'-reset */

if ( Read Byte( StatusReg ) & 0x02 )

{ result |= CAN_ERR OVERRUN ;
Bit_Set( ConmandReg, CDO Bit);

}

}

/********************* error handllng ***********************/

}

Status = Read Byte( StatusReg );
if ( Status & 0x80 )
{ [/*** Bus-Of: Controller is NOT involved in bus activities
result | = CAN _ERR BUSOFF ;
/*** Reset request 'absent'
Bit O ear( MdeControlReg, ('RMRR Bit)) ;
}
el se
{ [/*** Bus-On: Controller is involved in bus activities **/
if ( Status & 0x40 )
{ [/*** Ein Errorcounter on Limt */
result | = CAN_ERR BUSERRCR ;
}

}

if (! received ) result |= CAN_ERR RCVEMPTY ;
return result ;

/* End of CAN Read() */

_UOBRead_Status( void )

{
}

return( Read Byte( StatusReg ) );

#endi f/* SJAL000 */

Parallel or Serial CAN Connection
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IRQTAB.C
Interrupt Vectors

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

DESCRI PTI ON: Interrupt Vector Tables for the HCO8 and HCl12 M crocontrollers

AUTHOR: Copyright (c) 1998 by Mtorola GrbH, Harald Kreidl,
Har al d. Kr ei dl @bt or ol a. com

Hl STORY: Version 1.1 / Decenber 1998
Version 1.2 / Decenber 1999

*
*
*
*
*
*
*
*
*

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

/** include files **/

#i ncl ude "MCU_Sel ect . h"
#i ncl ude "MCU_Har dwar e_Descri ption. h"
/*

* %

*

*  FI LENAME: | RQ ab. ¢

*

*  PARAMETERS: NONE

*

*  DESCRI PTI ON: Interrupt Vector Table

*

*  RETURNS: NONE

*

*/
/1 1 RQ Functions are external
extern void Ti mebase_| RQY); [* Ti mebase */
extern void ADC | RQY); /* ADC */
extern void KBD | RQY); /* Keyboard */
extern void SCl_Tx_IRY); [* SCI transmt */
extern void SCl _Rx_IRQY); /* SClI receive */
extern void SCl_Error_IRY); [* SClI error */
extern void SPI_Tx_IRQY); [* SPlI transmt */
extern void SPI_Rx_IRQY); [* SPlI receive */
extern void TIMe_Overflow I RQY); /* TIM overflow */
extern void TI M2_Channel 1_I RQY); /* TIM2 channel 1 */
extern void TI M2_Channel 0_I RY) ; /* TIM2 channel 0 */
extern void TII\/[l_Q/erflowlRQ(), [* TIML overfl ow */
extern void TIML_Channel 1_I RQ); [* TIML channel 1*/
extern void TI ML_Channel 0_I RQ) ; /[* TIML channel 0*/
extern void PLL | RQY); /* PLL */
extern void IRQIRQ() /* | RQL */
extern void _RQ() [* SW */
extern void ste t(); /* RESET */
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void (* const _vectab[])()

{

Ti mebase | RQ
ADC_| RQ

KBD_I RQ

SCl _Tx_I RQ

SCl _Rx_I RQ

SCl _Error_I RQ
SPI _Tx_I RQ

SPI _Rx_I RQ
TIM2_Overfl ow_
TI M2_Channel 1_
TI M2_Channel 0_
TIML_Overfl ow_
TI ML_Channel 1_
TI ML_Channel 0_
PLL_I RQ

| RQ_I RQ

SW _|I RQ
_stext,

883338

Parallel or Serial CAN Connection

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
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Ti nebase

Anal og-to-Digital
Keyboar d

SCl transmt
SCl receive

SCl error

SPI transmt
SPI receive

TI M2 overfl ow
TI M channel 1
TI M channel 0
TI ML overfl ow
TI ML channel

TI ML channel
PLL

I RQL

SW

RESET

Source Code Files

*/

Converter */

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
1*/
0*/
*/
*/
*/
*/
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Include Files

MCU_SELECT.H
Select the Hardware Configuration

#defi ne TRUE1L
#def i ne FALSEO

/* These options should be changed fromthe user*/
/* Only one of the options can be TRUE! */

/] Option 1: MC68HCI908GR8 + MCP2510
#defi ne GRBMCPTRUE/ / FALSE

/1 Option 2: MC68HCO08GP32 + MCP2510
#def i ne GP32MCPFALSE

/1 Option 3: MC68HC908GP32 + SJA1000
#defi ne GP32SJAFALSE/ / TRUE

/* END OF USER OPTI ONS */
/* Do not change follow ng defines!!!!*/

#i f GP32SJA == TRUE

#def i ne HCO8GP32TRUE// Sel ect the 908GP32 as MCU
#defi ne HCOSBGRBFALSE// No 908GR8

#defi ne SJA1000TRUE// Sel ect the SJA1000

#def i ne MCP2510FALSE// No MCP2510

#endi f

#if GP32MCP == TRUE

#def i ne HCO8B8GEP32TRUE// Sel ect the 908GP32 as MCU
#def i ne HCO8BGRBFALSE// No 908GR8

#defi ne MCP2510TRUE// Sel ect the MCP2510

#def i ne SJA1000FALSE// No SJA1000

#endi f

#if GRBMCP == TRUE

#defi ne HCOBGR8TRUE// Sel ect the 908GR8 as MCU
#def i ne HCO8B8GP32FALSE// No 908GP32

#def i ne MCP2510TRUE// Sel ect the MCP2510

#defi ne SJAL000FALSE// No SJA1000

#endi f
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HARDWARE_HCO08.C
Register and Bit Definitions for the 68HCO08

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

* DESCRI PTI ON: I/O Definitions for Mtorola 68HC08 MCU s:
*

* FI LE NAME: MCU_Har dwar e_Descri pti on_HC08. h

*

*  AUTHOR: Haral d Kreidl, Mtorola GrbH Minich,

* Emai | : haral d. krei dl @mot orol a. com

*

* H STORY:

* Version 1.0, 23. Septenber 1998 (created the file)

* Version 1.2, 18. August 1999 (added the HCO8GP family)

* Version 2.0, 17. Novenber 1999 (restructured file system
*

*

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

/| #pragma space [] @iny

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 */

/* I/ O Port Declarations for the HCO8 Fami | y*/
/* Ports Ato H */
/* It is not checked if the ports are available at a specific HCO8 MCU */

/* HCO8 * HOO8 * HCO8 * HCO8 * HOO8 * HCO8 * HCO8 * HCD8 * HCO08 * HCD8 * HO08  */
#if (HOO8AZ || HCO8GP) == TRUE

#define PTA (*(volatile char*)(0x00))/* port A */

/1 @iny volatile char PTA @x00;

#defi ne PTAOBI TO_SET /* Port data register, Bit 0*/
#define PTAL1BI T1_SET /* Port data register, Bit 1*/
#define PTA2BI T2_SET /* Port data register, Bit 2*/
#defi ne PTA3BI T3_SET /* Port data register, Bit 3*/
#define PTA4BI T4_SET /* Port data register, Bit 4*/
#defi ne PTASBI TS5 _SET /* Port data register, Bit 5%/
#defi ne PTA6BI T6_SET /* Port data register, Bit 6*/
#defi ne PTA7BI T7_SET /* Port data register, Bit 7%/

>>r>r>r>>>

#define PTB (*(volatile char*)(0x01))/* port B */
/1 @iny volatile char PTB @x01;

#define PTBOBI TO_SET /* Port B data register, Bit 0*/
#define PTBLBIT1 _SET /* Port B data register, Bit 1*/
#define PTB2BI T2_SET /* Port B data register, Bit 2*/
#define PTB3BI T3_SET /* Port B data register, Bit 3*/
#define PTB4BI T4_SET /* Port B data register, Bit 4*/
#define PTB5BIT5_SET /* Port B data register, Bit 5%/
#define PTB6BIT6_SET /* Port B data register, Bit 6*/
#define PTB7BI T7_SET /* Port B data register, Bit 7*/
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#define PTC (*(volatile char*)(0x02))/* port C*/
PTC @x02;

/1 @iny volatile

char

#defi ne PTCOBI TO_SET/* Port C data register, Bit 0*/

#define PTCLBIT1_SET /* Port C data register, Bit 1*/

#define PTC2BI T2_SET /* Port C data register, Bit 2*/

#define PTC3BI T3_SET /* Port C data register, Bit 3*/

#define PTCABI T4_SET /* Port C data register, Bit 4*/

#define PTC5BIT5_SET /* Port C data register, Bit 5%/

#define PTC6BIT6_SET /* Port C data register, Bit 6*/

#define PTC7/BI T7_SET /* Port C data register, Bit 7%/

#define PTD (*(volatile char*)(0x03))/* port D */

/1 @iny volatile char PTD @x03;

#defi ne PTDOBI TO_SET /* Port D data register, Bit 0*/

#define PTDLBI T1_SET /* Port D data register, Bit 1*/

#define PTD2BI T2_SET /* Port D data register, Bit 2*/

#define PTD3BI T3_SET /* Port D data register, Bit 3*/

#define PTD4BI T4_SET /* Port D data register, Bit 4*/

#define PTD5BIT5_SET /* Port D data register, Bit 5%/

#define PTD6BIT6_SET /* Port D data register, Bit 6*/

#define PTD/BI T7_SET /* Port D data register, Bit 7*/

#define DDRA (*(volatile char*)(0x04))/* data direction port A */
/1 @iny volatile char DDRA @x04;

#defi ne DDRAOBI TO_SET /* Port A data direction register, Bit 0*/
#defi ne DDRA1BIT1 SET /* Port A data direction register, Bit 1*/
#defi ne DDRA2BI T2 _SET /* Port A data direction register, Bit 2*/
#defi ne DDRA3BI T3 _SET /* Port A data direction register, Bit 3*/
#defi ne DDRA4BI T4_SET /* Port A data direction register, Bit 4*/
#defi ne DDRASBIT5_SET /* Port A data direction register, Bit 5*/
#defi ne DDRA6BI T6_SET /* Port A data direction register, Bit 6*/
#defi ne DDRA7BIT7_SET /* Port A data direction register, Bit 7*/
#define DDRB (*(volatile char*)(0x05))/* Data direction port B */
/1 @iny volatile char DDRB @x05;

#defi ne DDRBOBI TO_SET /* Port B data direction register, Bit 0*/
#defi ne DDRB1BI T1 _SET /* Port B data direction register, Bit 1*/
#defi ne DDRB2BI T2 _SET/* Port B data direction register, Bit 2*/
#defi ne DDRB3BI T3_SET /* Port B data direction register, Bit 3*/
#defi ne DDRB4BI T4 _SET /* Port B data direction register, Bit 4*/
#defi ne DDRB5BI T5_SET /* Port B data direction register, Bit 5*/
#defi ne DDRB6BI T6_SET /* Port B data direction register, Bit 6*/
#defi ne DDRB7BI T7_SET /* Port B data direction register, Bit 7*/
#define DDRC (*(volatile char*)(0x06))/* data direction port C */
/1 @iny volatile char DDRC @x06;

#defi ne DDRCOBI TO_SET /* Port C data direction register, Bit 0*/
#define DDRCIBI T1 _SET /* Port C data direction register, Bit 1*/
#defi ne DDRC2BI T2_SET /* Port C data direction register, Bit 2*/
#defi ne DDRC3BI T3_SET /* Port C data direction register, Bit 3*/
#defi ne DDRCABI T4 _SET /* Port C data direction register, Bit 4*/
#defi ne DDRC5BI T5 _SET /* Port C data direction register, Bit 5*/
#defi ne DDRC6BI T6_SET /* Port C data direction register, Bit 6*/
#defi ne DDRC/BI T7_SET /* Port C data direction register, Bit 7*/
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#define DDRD (*(vol atile char*)(0x04))

/1 @iny volatile char

#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

DDRDO BI TO_SET/* Port D data direction register,
DDRD1 BI T1_SET/* Port D data direction register,
DDRD2 BI T2_SET/* Port D data direction register,
DDRD3BI T3_SET/* Port D data direction register,
DDRD4BI T4_SET /* Port D data direction register,
DDRD5BI T5_SET/* Port D data direction register,
DDRD6BI T6_SET/* Port D data direction register,
DDRD7BI T7_SET/* Port D data direction register,

PTE (*(vol atile char*)(0x08))/* port E */

/1 @iny volatile char PTE @x08;

#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

PTEOBI TO_SET/* Port E data register, Bit 0*/
PTELBI T1_SET/* Port E data register, Bit 1*/
PTE2BI T2_SET/* Port E data register, Bit 2%/
PTE3BI T3_SET /* Port E data register, Bit 3*/
PTE4BI T4_SET/* Port E data register, Bit 4%/
PTESBI T5_SET/* Port E data register, Bit 5%/
PTE6BI T6_SET/* Port E data register, Bit 6*/
PTE7BI T7_SET/* Port E data register, Bit 7%/

PTF (*(volatile char*)(0x09))/* port F */

/1 @iny volatile char PTF @x09;

#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

PTFOBI TO_SET/* Port F data register, Bit 0%/
PTF1BIT1_SET /* Port F data register, Bit 1*/
PTF2BI T2_SET/ * Port data register, Bit 2*/
PTF3BI T3_SET/* Port data register, Bit 3*/
PTF4BI T4_SET/ * Port data register, Bit 4*/
PTF5BI T5_SET/ * Port data register, Bit 5%/
PTF6BI T6_SET/ * Port data register, Bit 6*/
PTF7BI T7_SET/ * Port data register, Bit 7*/

T

PTG (*(vol atile char*)(0x0A))/* port G */

/1 @iny volatile char PTG @x0A;

#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

PTQBI TO_SET/* Port G data register, Bit 0*/
PTGLBI T1_SET/* Port G data register, Bit 1%/
PT&BI T2_SET/* Port G data register, Bit 2%/
PTG3BI T3_SET/* Port G data register, Bit 3%/
PTAABI T4_SET/* Port G data register, Bit 4%/
PTGEBI T5_SET/* Port G data register, Bit 5%/
PT&BI T6_SET/* Port G data register, Bit 6%/
PTG/BI T7_SET/* Port G data register, Bit 7%/

PTH (*(vol atile char*)(0x0B))/* port H */

/1 @iny volatile char PTH @xO0B;

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

ne
ne
ne
ne
ne
ne
ne
ne

PTHOBI TO_SET/ * Port
PTH1BI T1_SET/ * Port
PTH2BI T2_SET/ * Port
PTH3BI T3_SET/ * Port
PTH4BI T4_SET/ * Port
PTH5BI T5_SET/ * Port
PTH6BI T6_SET/ * Port
PTH7BI T7_SET/ * Port

data register, Bit 0*/
data register, Bit 1*/
data register, Bit 2*/
data register, Bit 3*/
data register, Bit 4*/
data register, Bit 5%/
data register, Bit 6*/
data register, Bit 7%/

ITIITITTITITTIT
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DDRD @x07;/* data direction port
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D */

Bit 0*/
Bit 1*/
Bit 2*/
Bit 3*/
Bit 4*/
Bit 5*/
Bit 6*/
Bit 7*/
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#define DDRE (*(volatile char*)(0x0C))/* data direction port E */
/1 @iny volatile char DDRE @xO0C,

#defi ne DDREOBI TO_SET/* Port data direction register, Bit 0*/
#defi ne DDRE1BI T1_SET/* Port data direction register, Bit 1%/
#def i ne DDRE2BI T2_SET/* Port data direction register, Bit 2%/
#def i ne DDRE3BI T3_SET/* Port data direction register, Bit 3%/
#defi ne DDRE4BI T4_SET/* Port data direction register, Bit 4%/
#defi ne DDRE5BI T5_SET/* Port data direction register, Bit 5%/
#defi ne DDRE6BI T6_SET/* Port data direction register, Bit 6*/
#defi ne DDRE7BI T7_SET/* Port data direction register, Bit 7%/

mmmmimimimm

#endi f
#i f HCO8AZ == TRUE

#define DDRF (*(volatile char*)(0x0D))

/1 @iny volatile char DDRF @xO0D;/* data direction port F */
#def i ne DDRFOBI TO_SET/ * Port data direction register, Bit 0%/
#defi ne DDRF1BI T1_SET/* Port data direction register, Bit 1%/
#defi ne DDRF2BI T2_SET/* Port data direction register, Bit 2%/
#defi ne DDRF3BI T3_SET/* Port data direction register, Bit 3*/
#defi ne DDRF4BI T4_SET/* Port data direction register, Bit 4%/
#def i ne DDRF5BI T5_SET/* Port data direction register, Bit 5%/
#def i ne DDRF6BI T6_SET/* Port data direction register, Bit 6%/
#defi ne DDRF7BI T7_SET/* Port data direction register, Bit 7%/

MMM

#define DDRG (*(vol atil e char*) (0x0E))

/1 @iny volatile char DDRG @xOE;/* data direction port G */
#defi ne DDRGOBI TO_SET/* Port G data direction register, Bit 0%/
#defi ne DDRGIBI T1_SET /* Port G data direction register, Bit 1*/
#defi ne DDRG2BI T2_SET/* Port G data direction register, Bit 2%/
#defi ne DDRG3BI T3_SET/* Port G data direction register, Bit 3*/
#defi ne DDRGABI T4 _SET/* Port G data direction register, Bit 4%/
#defi ne DDRGHBI T5 _SET/* Port G data direction register, Bit 5%/
#defi ne DDRG6BI T6_SET/* Port G data direction register, Bit 6%/
#defi ne DDRG/BI T7_SET/* Port G data direction register, Bit 7%/

#define DDRH (*(vol atil e char*) (0x0F))

/1 @iny volatile char DDRH @xOF;/* data direction port H */
#defi ne DDRHOBI TO_SET/* Port H data direction register, Bit 0*/
#defi ne DDRH1BI T1_SET/* Port H data direction register, Bit 1%/
#defi ne DDRH2BI T2_SET/* Port H data direction register, Bit 2%/
#defi ne DDRH3BI T3_SET/* Port H data direction register, Bit 3*/
#defi ne DDRH4BI T4 _SET/* Port H data direction register, Bit 4%/
#defi ne DDRH5BI T5 _SET /* Port H data direction register, Bit 5*/
#defi ne DDRH6BI T6_SET/* Port H data direction register, Bit 6*/
#defi ne DDRH/BI T7_SET/* Port H data direction register, Bit 7%/

#endi f
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#i f HCO8GP == TRUE

#def i ne PTAPUE (*(vol atile char*)(0x0D))

/1 @iny volatile char PTAPUE @xO0D; /* Port A input pullup enable */
#def i ne PTAPUEO Bl TO_SET [* Port A input pullup enable register, Bit 0 */
#def i ne PTAPUEL BI T1_SET [* Port A input pullup enable register, Bit 1 */
#def i ne PTAPUE2 Bl T2_SET [* Port A input pullup enable register, Bit 2 */
#def i ne PTAPUES3 Bl T3_SET [* Port A input pullup enable register, Bit 3 */
#def i ne PTAPUE4 Bl T4_SET [* Port A input pullup enable register, Bit 4 */
#def i ne PTAPUES Bl T5_SET [* Port A input pullup enable register, Bit 5 */
#def i ne PTAPUEG6 Bl T6_SET [* Port A input pullup enable register, Bit 6 */
#def i ne PTAPUEY Bl T7_SET /[* Port A input pullup enable register, Bit 7 */
#defi ne PTCPUE (*(volatile char*)(0x0E))

/1 @iny volatile char PTCPUE @xO0E; /* Port A input pullup enable */
#def i ne PTCPUEOQ Bl TO_SET /* Port C input pullup enable register, Bit O */
#def i ne PTCPUEL BI T1 SET /* Port Cinput pullup enable register, Bit 1 */
#def i ne PTCPUE2 Bl T2_SET /* Port C input pullup enable register, Bit 2 */
#def i ne PTCPUES3 Bl T3_SET /* Port C input pullup enable register, Bit 3 */
#def i ne PTCPUE4 Bl T4_SET /* Port Cinput pullup enable register, Bit 4 */
#def i ne PTCPUES Bl T5_SET /* Port Cinput pullup enable register, Bit 5 */
#def i ne PTCPUEG6 Bl T6_SET /* Port Cinput pullup enable register, Bit 6 */
#def i ne PTCPUEY Bl T7_SET /* Port Cinput pullup enable register, Bit 7 */
#endi f

/* HCO8 * HCO08 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */
/* END of I/O Port Declarations for the HCO8 Famly */
/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */
/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */
/* SPI Decl arations for the HCO8 Family */
/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */

#i f (HOOSAZ || HCO8GP) == TRUE

#def i ne SPCR (*(vol atile char*)(0x10))
/1 @iny volatile char SPCR @x10;/* SPlI control register */
#define SPTIE Bl TO_SET [* SPI: */
#defi ne SPE Bl T1_SET [* SPI: */
#defi ne SPWOM Bl T2_SET /* SPI: */
#defi ne CPHA Bl T3_SET [* SPI: */
#defi ne CPOL Bl T4_SET /* SPI: */
#defi ne SPMSTR Bl T5_SET /* SPI: */
#defi ne DVAS Bl T6_SET /* SPI: */
#define SPRIE Bl T7_SET /* SPI: */
#def i ne SPSCR (*(volatile char*)(0x11))
/1 @iny volatile char SPSCR @x11; /* SPI control/status register */
#defi ne SPRO Bl TO_SET /* SPI: */
#defi ne SPR1 Bl T1_SET /* SPI: */
#defi ne MODFEN Bl T2_SET /* SPI: */
#defi ne SPTE Bl T3_SET /* SPI: */
#defi ne MODF Bl T4_SET [* SPI: */
#defi ne OVFR Bl T5_SET [* SPI: */
#define ERRIE Bl T6_SET /* SPI: */
#defi ne SPRF Bl T7_SET /* SPI:

*/
#def i ne SPDR (*(volatile char*)(0x12))
/1 @iny volatile char SPDR @x12; /* SPI data register */
#endi f
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*

HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */
/* END of SPI Declarations for the HCO8 Fam | y*/

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */
/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */
/* SCl Decl arations for the HCO8 Fam|y*/

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */

#if (HOO8AZ || HCO8GP) == TRUE

#def i ne SCCl (*(volatile char*)(0x13))

/1 @iny volatile char SCC1 @x13;/* SCI control register 1 */
#defi ne PTY BI TO_SET /[l O = even parity, 1 = odd parity

#defi ne PEN BI T1 _SET /[l O = parity disabled, 1 = parity enabl ed
#define ILTY Bl T2_SET /1 1dle character bit count begins after start (0)
or stop (1) bit

#def i ne WAKE BI TO_SET+BIT3_SET// 0 = idle line wakeup, 1 = address nmark wakeup
#define M Bl T4 _SET /[l 0 = 8-bit character, 1 = 9-bit character
#defi ne TXI NV Bl TO_SET+BI T5_SET// Transnitter output inverted (1) or not inverted

(0)

#def i ne ENSCI Bl T6_SET /1 0 = SCl disabled, 1 = SClI enabl ed
#def i ne LOOPS Bl T7_SET /1 0 = Norrmal operation, 1 = |oop node enabl ed
#def i ne SCC2 (*(vol atile char*)(0x14))
/1 @iny volatile char SCC2 @x14;/* SCI control register 2 */
#defi ne SBK BI TO_SET /1 0 = No break characters being transmtted,

1 =transnmt break charakters
#defi ne RW BI T1 _SET /1 0 = Normal operation, 1 = standby state
#defi ne RE Bl T2 _SET /1 0 = Receiver disabled, 1 = receiver enabl ed
#define TE Bl T3_SET /1 0 = Transnmitter disabled, 1 = transmtter

enabl ed
#define ILIE Bl T4_SET /1 1 DLE not (0) enabled to generate CPU

i nterrupt requests
#defi ne SCRI E BI T5_SET /1 SCRF not (0) enabled to generate CPU

i nterrupt
#define TCE Bl T6_SET /1 TC not (0) enabled to generate CPU

i nterrupt requests
#defi ne SCTIE Bl T7_SET /1 SCTE not (0) enabled to generate CPU

i nterrupt
#def i ne SCC3 (*(volatile char*)(0x15))
/1 @iny volatile char SCC3 @x15;/* SCI control register 3 */
#define PEIE Bl TO_SET [* SCl: */
#define FEIE Bl T1_SET [* SCl: */
#define NEIE Bl T2_SET /* SCl: */
#define ORI E Bl T3_SET /* SCl: */
#defi ne DMATE Bl T4_SET /* SCl: */
#defi ne DMARE Bl T5_SET [* SCl: */
#define T8 Bl T6_SET [* SCl: */
#define R8 Bl T7_SET [* SCl: */
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#def i ne SCS1 (*(volatile char*)(0x16))
/1 @iny volatile char SCS1 @x16;/* SCI status register 1 */
#define PE Bl TO_SET /* SCl: */
#defi ne FE Bl T1_SET [* SCl: */
#define NF Bl T2_SET [* SCl: */
#define OR Bl T3_SET [* SCl: */
#define | DLE Bl T4_SET /* SCl: */
#def i ne SCRF BI T5_SET /* SCl: Received data available (1)

or not available (0) in SCDR*/
#define TC Bl T6_SET [* SCl: */
#defi ne SCTE Bl T7_SET /* SCl: SCDR data not (0) transferred

to transmt shift register*/
#def i ne SCS2 (*(volatile char*)(0x17))
/1 @iny volatile char SCS2 @x17;/* SCl status register 2 */
#define RPF Bl TO_SET /* SCl: */
#defi ne BKF Bl T1_SET [* SCl: */
#def i ne SCDR (*(volatile char*)(0x18))
/1 @iny volatile char SCDR @x18; /* SCI data register */
#def i ne SCBR (*(volatile char*)(0x19))
/1 @iny volatile char SCBR @x19; /* SCl baud rate */
#define SCP_1 0x00 SCl baud rate prescaling: 1 */
#defi ne SCP_3 Bl T4_SET /* SCl baud rate prescaling: 3 */
#define SCP_4 Bl T5_SET /* SCI baud rate prescaling: 4 */
#define SCP_13 BIT4_SET+BIT5_SET/* SCI baud rate prescal ing: 13 */
#define SCR 1 0x00 [* SCI baud rate selection: 1 */
#defi ne SCR 2 BI TO_SET [* SCI baud rate selection: 2 */
#define SCR 4 Bl T1_SET /* SCI baud rate selection: 4 */
#define SCR 8 BI TO_SET+BI T1 _SET/* SCI baud rate selection: 8 */
#define SCR 16 Bl T2 _SET /* SCI baud rate selection: 16 */
#define SCR 32 BITO SET+BIT2_SET/* SCI baud rate selection: 32 */
#define SCR 64 BIT1l SET+BI T2_ _SET/* SCI baud rate selection: 64 */
#defi ne SCR 128 BI TO SET+BI T1_SET+BIT2_SET /* SCl baud rate selection: 128 */
#if F_BUS == 49
#i f BAUDRATE == 9600
#defi ne SCBR Regi ster 0x21
#endi f /| BAUDRATE
#endi f /1 B _BUS
#endi f
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HCO08 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */
/* END of SCI Declarations for the HCO8 Fam |y*/
/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */

~
*

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */
/* | RQ Keyboard, Tinme Base Mddul e (only HCO8GP- Fam |y)*/

/* Decl arations for the HCO8 Fami | y*/

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCOD8 * HCO8 * HCO8 * HCO8 * HCO8  */

#i f HCO8AZ == TRUE

#define ISCR (*(volatile char*)(0x1A))

/1 @iny volatile char | SCR @x1A;/* 1 RQ control/status register */
#defi ne MODEL1BI TO_SET /* | RQL Edge/ Level select bit */

#defi ne | MASK1BI T1_SET/* Masks all external interrupts*/

#defi ne ACKLBI T2_SET/* | RQ Acknow edge */

#define | RQLFBI T3_SET/* IRQL Flag bit */

#defi ne KBSCR (*(volatile char*)(0x1B))

/1 @iny volatile char KBSCR @x1B;/* Keyboard control/status reg */
#define KBICR (*(volatile char*)(0x21))

/1 @iny volatile char KBICR @x21;/* Keyboard interrupt register */
#endi f

#i f HCO8GP == TRUE

#define | NTKBSCR (*(vol atile char*)(0x1A))
/1 @iny volatile char | NTKBSCR @x1A;/* Keyboard status and control register*/

#defi ne MODEKBI TO_SET */
#def i ne | MASKKBI T1_SET */
#def i ne ACKKBI T2_SET */

#define I NTKBI ER (*(vol atile char*)(0x1B))
/1 @iny volatile char | NTKBI ER @x1B;/* Keyboard interrupt enable register*/
#define TBCR (*(vol atile char*)(0x1C))
/1 @iny volatile char TBCR @x1C;/* Time base nodul e control register*/
#defi ne TBTSTBI TO_SET/* PTM t est node*/
#defi ne TBONBI T1_SET/* Ti nebase enabled (= 1)*/
#defi ne TBI EBI T2_SET/* Ti nebase interrupt enabled (= 1)*/
#def i ne TACKBI T3_SET/ * Ti mebase ACKnow ege

(1 =clear TB I RQ fl ag*/
#defi ne TBM 10x00/* Ti nebase Rate Sel ection: 1 Hz = 1000 ns*/
#defi ne TBM 4BI T4_SET/* Ti nebase Rate Selection: 4 Hz = 250 ns*/
#defi ne TBM 16BI T5_SET/* Ti nebase Rate Sel ection: 16 Hz = 62.5 ns*/
#defi ne TBM 256BI T4_SET+BI T5_SET/* Ti nebase Rate Sel ection: 256 Hz = 3.9 ns*/
#define TBM 512BI T6_SET/* Ti nebase Rate Sel ection: 512 Hz = 2 ns*/
#define TBM 1024 BI T4 _SET+BI T6_SET/* Ti nebase Rate Sel ection: 1024 Hz = 1 ns*/
#defi ne TBM 2048 BI T4_SET+BI T5_SET+BI T6_SET/ * Ti nebase Rate Sel ecti on:

4096 Hz = 0.24 ns */

#define TBI FBI T7_SET/* Ti nebase Interrupt Flag (1 = pending)*/

#define I NTSCR (*(volatile char*)(0x1D))
/1 @iny volatile char | NTSCR @x1D;/* | RQ status and control register*/

#endi f
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/* HCO8 * HCO08 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */
/* END of | RQ Keyboard, Tine Base Mddule (only HCO8GP-Fam | y)*/

/* Decl arations for the HCO8 Fam | y*/

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */
/* PLL Declarations for the HCO8 Fam | y*/
/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */

#i f HCO8AZ == TRUE

#def i ne PCTL (*(volatile char*)(0x1Q))

/1 @iny volatile char PCTL @x1C;/* PLL control register */
#define PBWC (*(volatile char*)(0x1D))

/1 @iny volatile char PBWC @x1D;/* PLL bandwi dth regi ster */
#defi ne PPG (*(volatile char*)(0x1E))

/1 @iny volatile char PPG @x1E;/* PLL programning register */

#endi f
#i f HCO8GP == TRUE

#def i ne PCTL (*(volatile char*)(0x36))
#def i ne VPR_00x00/* VPRO, VPR1l: E = 0, VCO power-of-two
range multiplier 1 */
#defi ne VPR _1BI TO_SET/* VPRO, VPRLl: E = 1, VCO power-of-two
range multiplier = 2 */
#define PR 2BI T1_SET/* VPRO, VPRLl: E = 2, VCO power-of-two
range multiplier = 4 */
#def i ne PRE_00x00/* PREO, PREl: P = O,
Prescaler Multiplier = 1%/
#define PRE_1BI TO_SET/* PREO, PREl: P = 1,
Prescaler Miultiplier = 2%/
#define PRE_2BI T1_SET/* PREO, PREl: P = 2
Prescaler Miultiplier = 4*/
#defi ne PRE_3BI TO_SET+BI T1_SET/* PREO, PREl: P = 3,
Prescaler Miultiplier = 8 */
#defi ne BCS BI T4_SET/* Base cl ock select bhit*/
/* 1 = CGWCLK divided by 2 drives CAGVOUT*/
/* 0 = CGUWXCLK divided by 2 drives CAGVOUT*/
#define PLLONBI T5_SET/* PLL on bit (1 = on)*/
#define PLLFBI T6_SET/* PLL Interrupt flag bit
(1 = change in lock condition)*/
#define PLLIEBI T7_SET/* PLL Interrupt enable bit
(1 = enabl ed) */

#define PBWC (*(volatile char*)(0x37))
/1 @iny volatile char PBWC @x37;/* PLL bandwi dth regi ster */
#defi ne ACQ BI T5_SET/* Acqui sition node bit*/

/* 1 = Tracki ng node, 0 = Acqui sition node*/
#defi ne LOCKBI T6_SET/* Lock indicator bit, 1 = |ocked*/
#defi ne AUTOBI T7_SET/* Automati c bandwi dth control bit*/

/* 1 = automatic, 0 = manual */
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#defi ne PMS (*(volatile int*)(0x38))

/l@iny volatile int PM5 @x38;/* PLL nultiplier select register */

#define PMSH (*(volatile char*)(0x38))

/1 @iny volatile char PMSH @x38;/* PLL multiplier select register high-byte*/
#def i ne PMSL (*(volatile char*)(0x39))

/l@iny volatile char PMSL @x39;/* PLL multiplier select register |owbyte */
#define PMRS (*(volatile char*)(0x3A))

/1 @iny volatile char PMRS @x3A;/* PLL VCO sel ect range register */

#define PMDS (*(volatile char*)(0x3B))

/1 @iny volatile char PMDS @x3B;/* PLL reference divider select register */

#if F_BUS ==

#defi ne N_FACTOROXF5

#defi ne L_FACTOROxD1

#defi ne R _FACTOROx01

#endi f /1 F BUS 2.0 MHz

#if F_BUS == 24

#defi ne N FACTOROx12C

#defi ne L_FACTOR0Ox80

#defi ne R _FACTOROx01

#endi f /1 F_BUS 2.4576 MHz

#if F_BUS == 25

#define N _FACTOROx132

#defi ne L_FACTOROx83

#defi ne R _FACTOROx01

#endi f /l F_BUS 2.5 M1z

#if F_BUS ==

#defi ne N_FACTOROX1E9

#defi ne L_FACTOROxD1

#defi ne R _FACTOROx01

#endi f /1l F_BUS 4.0 MHz

#if F_BUS == 49

#defi ne N_FACTOROx258

#defi ne L_FACTOROx80

#defi ne R _FACTOROx01

#endi f /1 F_BUS 4.9152 MHz

#if F_BUS ==

#define N _FACTOROx263

#defi ne L_FACTOR0x82

#defi ne R _FACTOROx01

#endi f /l F_BUS 5.0 Mz

#if F_BUS == 73

#defi ne N _FACTOROx384

#defi ne L_FACTOROxCO

#defi ne R _FACTOROx01

#endi f /1 F_BUS 7.3728 MHz
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#if F_BUS ==

#defi ne N_FACTOROx3D1

#defi ne L_FACTOROxDO

#define R FACTOROx01

#endi f /1 F_BUS 8.0 M1z

#endi f /1 HCO8GP

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */
/* END of PLL Decl arations for the HCO8 Fam | y*/
/* HCO8 * HCO08 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */
/* Option/ Config Declarations for the HCO8 Fami | y*/
/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */

#i f HCO8AZ == TRUE

#define MORA  (*(volatile char*)(0x1F))
/1 @iny volatile char MORA @x1f;/* mask option register 1 08AZxx,
not avail. on 08AZO! */
#define CONFIGL (*(volatile char*)(0x1F))
/1 @iny volatile char CONFI GL @x1f;/* Configuration register 1, only 908AZ60*/
#define COPDBI TO_SET/* 0 = COP enable, 1 = COP disabl e*/
#define STOPBIT1 _SET/* 0 = STOP instruction treated as
illegal opcode & 1 = enabl ed*/
#defi ne COPRSBI T2_SET/* 0 = COP tineout period is
0 = 2*¥*13-2**4 & 1 = 2**18-2**4*/
#define COPLBI T2_SET/* 0 = COP tinmeout period is
0 = 2**13-2**4 & 1 = 2**18-2**4*/
#def i ne SSRECBI T3_SET/* STOP node recovery after

1 = 4096 & 0 = 32 CAGWCLK cycl es*/
#define LVI PARDBI T4_SET/* LVI power O = disabled & 1 = enabl ed*/
#define LVIPWRBI T4_SET/* LVI nodule 0 = disabled & 1 = enabl ed*/

#define LVIRSTDBI T5_SET/* LVI resets 0 = disabled & 1 = enabl ed*/
#define LVIRSTBI T5_SET/* LVI resets 0O disabled & 1 enabl ed*/
#define SEC BI T6_SET/* ROM security O disabled & 1 enabl ed*/
#define LVI STOPBI T7_SET/* LVI 0 = disabled & 1 = enabl ed

during STOP node */

#define CONFI & (*(volatile char*)(0xFE09))

/* Configuration register 1, only 908AZ60*/
#defi ne AZxxBI TO_SET/* 0 = HCO8AS, 1 = HCO8AZ*/
#defi ne MSCANDBI T1_SET/* 0 = MSCAN enable, 1 = MSCAN di sabl e*/

#define MORB (*(volatile char*)(0x3F))

/1 @iny volatile char MORB @x3f;/* nask option register B */
#endi f
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#i f HCO8GP == TRUE

#define CONFI R (*(volatile char*)(0x1E))

/1 @iny volatile char CONFI & @x1E;/* Configuration register 2%/
#def i ne SClI BDSRCBI TO_SET*/

#def i ne OSCSTOPENBBI T1_SET */

#def i ne PMPSGVLVENBI T2_SET */

#define CONFIGL (*(volatile char*)(0x1F))
/1 @iny volatile char CONFI GL @x1F;/* Configuration register 1, only 908AZ60*/
#define COPDBI TO_SET/* 0 COP enable, 1 = COP disabl e*/

#defi ne STOPBI T1_SET/* 0 STOP instruction treated as illegal
opcode & 1 = enabl ed */

#def i ne SSRECBI T2_SET */

#def i ne LVI 5OR3BI T3_SET */

#def i ne LVI PWNRDBI T4_SET */

#def i ne LVI RSTDBI T5_SET */

#define LVI STOPBI T6_SET */

#def i ne COPRSBI T7_SET */

#endi f

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */
/* END of Option/Config Declarations for the HCO8 Famly*/
/* HCO8 * HCO08 * HCO8 * HCO8 * HCO8 * HCO8 * HCOD8 * HCO8 * HCO8 * HCO8 * HCO8  */

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO08 * HCO8 */
/* Timer A/l Declarations for the HCO8 Fam | y*/

/* Timer A is HCO8AZ nonenclature, Tinmer 1 is HCO8GP nonencl at ure*/

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 */

#i f (HCO8AZ || HCO8GP) == TRUE

#define TASC (*(volatile char*)(0x20))

/1 @iny volatile char TASC @x20;/* Tiner
#define TACNT (*(volatile char*)(0x21))

/1 @iny volatile int TACNT @x21;/* Tiner
#defi ne TACNTH (*(vol atile char*)(0x21))

/1 @iny volatile char TACNTH @x21;/* Tiner
#define TACNTL (*(volatile char*)(0x22))

/1 @iny volatile char TACNTL @x22;/* Tiner
#define TAMOD (*(volatile char*)(0x23))

/1 @iny volatile int TAMOD @x23;/* Tiner
#defi ne TAMODH (*(vol atile char*)(0x23))

/1 @iny volatile char TAMODH @x23;/* Tiner
#define TAMODL (*(volatile char*)(0x24))

/1 @iny volatile char TAMODL @x24;/* Tiner
#define TASCO (*(volatile char*)(0x25))

/1 @iny volatile char TASCO @x25;/* Tiner
#define TACHO (*(volatile char*)(0x26))

/1 @iny volatile int TACHO @x26;/* Tiner
#defi ne TACHOH (*(vol atile char*)(0x26))

/1 @iny volatile char TACHOH @x26;/* Ti ner
#defi ne TACHOL (*(volatile char*)(0x27))

/1 @iny volatile char TACHOL @x27;/* Tiner
#define TASCL (*(volatile char*)(0x28))

/1 @iny volatile char TASC1I @x28;/* Tiner

status/ctrl register*/
counter register */
counter high */
counter |ow */

nmodul o register */
modul o hi gh */

nodul o | ow */

chan O status/ctrl */
chan O register */
chan 0 high */

chan 0 | ow */

> » >» r»r » »r » >» » > » >

chan 1 status/ctrl */
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#define TACHL (*(volatile char*)(0x29))

/1 @iny volatile int TACHL @x29;/* Tiner A chan 1 register */
#defi ne TACHIH (*(vol atile char*)(0x29))

/1 @iny volatile char TACHIH @x29;/* Timer A chan 1 high */
#define TACHIL (*(volatile char*)(0x2A))

/1 @iny volatile char TACHLL @x2A;/* Timer A chan 1 |ow */

#define T1SC (*(volatile char*)(0x20))
/1 @iny volatile char T1SC @x20;/* Tiner 1 status/ctrl register*/

#define | BL 0x00/* PSO-PS2: Internal bus / 1*/
#define 1 B2 0x01/* PSO-PS2: Internal bus / 2%/
#define 1 B4 0x02/* PSO-PS2: Internal bus / 4%/
#define | B8 0x03/* PS0-PS2: Internal bus / 8*/
#define | BL60x04/* PS0-PS2: Internal bus / 16*/
#defi ne | B320x05/* PS0-PS2: Internal bus / 32*%/
#defi ne | B640x06/* PS0-PS2: Internal bus / 64*/

#define TRSTBI T4_SET/* Tiner reset bit*/

#define TSTOPBI T5_SET/* Timer stop bit*/

#define TO EBI T6_SET/* Timer overflow i nterrupt enable */
#define TOF BIT7_SET/* Tinmer Overflow flag bit*/

#define TICNT (*(volatile int*)(0x21))

/] @iny volatile int TICNT @x21;/* Tinmer 1 counter register */
#define TICNTH (*(vol atile char*)(0x21))

/1 @iny volatile char TICNTH @x21;/* Timer 1 counter high */
#define TICNTL (*(volatile char*)(0x22))

/1 @iny volatile char TICNTL @x22;/* Tinmer 1 counter |ow */
#define TIMOD (*(volatile int*)(0x23))

/1 @iny volatile int TIMOD @x23;/* Tinmer 1 nodul o register */
#define TIMODH (*(vol atile char*)(0x20))

/1 @iny volatile char TIMODH @x23;/* Timer 1 nodul o high */
#define TIMODL (*(volatile char*)(0x24))

/1 @iny volatile char TIMODL @x24;/* Timer 1 nodulo |ow */

#define T1SCO (*(volatile char*)(0x25))
/1 @iny volatile char T1SCO @x25;/* Timer 1 chan 0 status/ctrl */
#defi ne CHOMAXBI TO_SET/* Timer 1, Channel 0 Maxi mum duty

cycle bit*/

#define TOVOBI T1_SET/* Tinmer 1, Channel 0 Toggle on
overfl ow bit */

#defi ne CHOI EBI T6_SET/* Timer 1, Channel O interrupt
enabl e bit */

#defi ne CHOFBI T7_SET/* Timer 1, Channel 0 flag bit*/
#define |1 C_ROx04// Input Capture, Rising edge

#define | C_FOx08// Input Capture, Falling edge

#define | C RFOX0C/ / I nput Capture, Rising or Falling edge
#defi ne OC _TOx14// Qutput Conpare, Toggle

#defi ne OC_COx18// Qutput Conpare, C ear

#defi ne OC_SOx1C// Qutput Conpare, Set

#defi ne BOC TOx24// Buffered, Toggle

#defi ne BOC COx28// Buffered, C ear

#defi ne BOC SOx2C// Buffered, Set
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#defi ne T1CHO (*(volatile int*)(0x26))
/1 @iny volatile int T1CHO @x26; /[* Timer 1 chan O register */
#defi ne T1CHOH (*(volatile char*)(0x26))
/1 @iny volatile char TICHOH @x26; [* Timer 1 chan O high */
#defi ne T1CHOL (*(vol atile char*)(0x27))
/1 @iny volatile char TICHOL @x27; /* Timer 1 chan 0 | ow */
#defi ne T1SCl (*(volatile char*)(0x28))
/1 @iny volatile char T1SClL @x28; [* Timer 1 chan 1 status/ctrl */
#def i ne CHLMAX Bl TO_SET [* Timer 1, Channel 0 Maxinmum duty
cycle bit */
#def i ne TOV1 BI T1_SET [* Timer 1, Channel 0 Toggle on
overfl ow bit */
#defi ne CHLI E Bl T6_SET [* Timer 1, Channel O interrupt
enable bit */
#defi ne CH1F Bl T7_SET [* Timer 1, Channel 0 flag bit */
#defi ne T1CH1 (*(volatile int*)(0x29))
/1 @iny volatile int TI1CHL @x29; /[* Timer 1 chan 1 register */
#defi ne T1CH1H (*(volatile char*)(0x29))
/1 @iny volatile char T1CHLH @x29; [* Timer 1 chan 1 high */
#defi ne T1CHIL (*(volatile char*)(0x2A))
/1 @iny volatile char T1ICHLL @x2A; /* Timer 1 chan 1 | ow */
#endi f
#i f HCO8AZ == TRUE
#def i ne TASC2 (*(volatile char*)(0x2Q))
/1@iny volatile char TASC2 @x2c; [* Timer A chan 2 status/ctrl */
#def i ne TACH2 (*(volatile char*)(0x2D))
/1 @iny volatile int TACH2 @x2d; /[* Timer A chan 2 register */
#def i ne TACH2H (*(volatile char*)(0x2D))
/1 @iny volatile char TACH2H @x2d; [* Timer A chan 2 high */
#defi ne TACH2L (*(volatile char*)(0x2E))
/1 @iny volatile char TACH2L @xZ2e; [* Timer A chan 2 | ow */
#def i ne TASC3 (*(volatile char*)(0x2F))
/1 @iny volatile char TASC3 @x2f; /* Timer A chan 3 status/ctrl */
#def i ne TACH3 (*(vol atile char*)(0x30))
/1 @iny volatile int TACH3 @x30; /[* Timer A chan 3 register */
#defi ne TACH3H (*(volatile char*)(0x30))
/1 @iny volatile char TACH3H @x30; [* Timer A chan 3 high */
#def i ne TACH3L (*(volatile char*)(0x31))
/1 @iny volatile char TACH3L @x31; /* Timer A chan 3 | ow */
#endi f
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/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 */
/* END of Tinmer A/1 Declarations for the HCO8 Fami | y*/

/* Timer A is HCO8AZ nonenclature, Tinmer 1 is HCO8GP nonencl at ure*/

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 */

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO08 * HCO8 */
/* Timer B/ 2 Declarations for the HCO8 Fam | y*/

[* Timer B is HCO8AZ nonencl ature, Tinmer 2 is HCO8GP nonencl at ure*/

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 */

#i f HCO8AZ == TRUE

#define TBSC (*(volatile char*)(0x40))

/1 @iny volatile char TBSC @x40;/* tiner
#define TBCNT (*(volatile char*)(0x41))

/1 @iny volatile int TBCNT @x41;/* tiner
#define TBCNTH (*(vol atile char*)(0x41))

/1 @iny volatile char TBCNTH @x41;/* tiner
#define TBCNTL (*(volatile char*)(0x42))

/1 @iny volatile char TBCNTL @x42;/* tiner
#define TBMOD (*(volatile char*)(0x43))

/1 @iny volatile int TBMOD @x43;/* tiner
#define TBMODH (*(vol atile char*)(0x43))

/1 @iny volatile char TBMODH @x43;/* tiner
#define TBMODL (*(volatile char*)(0x44))

/1 @iny volatile char TBMODL @x44;/* tiner
#define TBSCO (*(volatile char*)(0x45))

/1 @iny volatile char TBSCO @x45;/* tiner
#define TBCHO (*(volatile char*)(0x46))

/1 @iny volatile int TBCHO @x46;/* tiner
#define TBCHOH (*(vol atile char*) (0x46))

/1 @iny volatile char TBCHOH @x46;/* tiner
#define TBCHOL (*(vol atile char*)(0x47))

/1 @iny volatile char TBCHOL @x47;/* tiner
#define TBSC1L (*(volatile char*)(0x48))

/1 @iny volatile char TBSC1 @x48;/* tiner
#define TBCHL (*(volatile char*)(0x49))

/1 @iny volatile int TBCHL @x49;/* tiner
#define TBCHIH (*(vol atile char*)(0x49))

/1 @iny volatile char TBCHIH @x49;/* tiner
#define TBCHIL (*(volatile char*)(0x4A))
//@iny volatile char TBCHIL @x4a;/* tinmer
#endi f

status/ctrl register */
counter register */
counter high */
counter |ow */

nmodul o register */
nmodul o hi gh */

nmodul o | ow */

chan O status/ctrl*/
chan 0 register */
chan 0 high */

chan 0 | ow */

chan 1 status/ctrl */
chan 1 register*/

chan 1 high */

T @™ T W™ O W™ O W W W W W W W

chan 1 | ow */

#i f HOO8GP == TRUE

#define T2SC (*(volatile char*)(0x2B))

/1 @iny volatile char T2SC @x2B; /* Tinmer 2 status/ctrl register*/
#define T2CNT (*(volatile char*)(0x2C))

/1 @iny volatile int T2CNT @x2C, /[/* Timer 2 counter register */
#define T2CNTH (*(vol atile char*)(0x2C))

/1 @iny volatile char T2CNTH @x2C;, /* Tinmer 2 counter high */
#define T2CNTL (*(vol atile char*)(0x2D))

/1 @iny volatile char T2CNTL @x2D; /* Tinmer 2 counter |ow */
#define T2MOD (*(volatile char*)(0x2E))

/1 @iny volatile int T2MOD @x2E, [/* Timer 2 nodulo register */
#define T2MODH (*(vol atile char*) (0x2E))
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/1 @iny volatile char T2MODH @x2E;, /* Tinmer 2 nodul o high */

#define T2MODL (*(vol atile char*) (0x2F))

/1 @iny volatile char T2MODL @x2F; /* Timer 2 nodulo | ow */

#define T2SCO (*(volatile char*)(0x30))

/1 @iny volatile char T2SCO @x30; /* Timer 2 chan 0 status/ctrl*/

#define T2CHO (*(volatile char*)(0x31))

/1 @iny volatile int T2CHO @x31; /[/* Timer 2 chan O register */

#define T2CHOH (*(vol atile char*)(0x31))

/1 @iny volatile char T2CHOH @x31; /* Tinmer 2 chan 0 high */

#define T2CHOL (*(volatile char*)(0x32))

/1 @iny volatile char T2CHOL @x32; /* Timer 2 chan 0 | ow */

#define T2SC1 (*(volatile char*)(0x33))

/1 @iny volatile char T2SCl1 @x33; /[/* Timer 2 chan 1 status/ctrl */

#define T2CHL (*(volatile char*)(0x34))

/1 @iny volatile int T2CHL @x34; [* Tinmer 2 chan 1 register*/

#define T2CHIH (*(vol atile char*)(0x34))

/1 @iny volatile char T2CHIH @x34; /* Timer 2 chan 1 high */

#define T2CHIL (*(volatile char*)(0x35))

/1 @iny volatile char T2CHIL @x35; /* Timer 2 chan 1 |ow */

#endi f

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 */
/* END of Timer B/2 Declarations for the HCO8 Fanily*/

| * Timer B is HCO8AZ nonencl ature, Timer 2 is HCO8GP nonencl at ure*/

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 *

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO08 * HCO8 *

HC08 * HCO8 * HCO8 */

HCO8 * HCO8 * HCO08  */

/* Analog to Digital Converter Declarations for the HCO8 Fanily*/

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 *

#i f HCO8AZ == TRUE
#define ADSCR (*(volatile char*)(0x38))

/1 ADC status and control register
#defi ne ADCOBI T5_SET// ADC conti nuous conversion bit
#define Al ENBI T6_SET// ADC interrupt enable bit
#def i ne COCOBI T7_SET// Conversion conplete flag

#defi ne ADR (*(volatile char*)(0x39))

HCO08 * HCO8 * HCO8 */

/1 @iny volatile char ADR @x39; [/* AD data register */

#defi ne ADCLKR (*(vol atile char*)(0x3A))

/1 @iny volatile char ADCLKR @x3a; /* A/D clock register */

#define EBIC (*(volatile char*)(0x3B))

/1 @iny volatile char EBIC @x3b; /* EBlI control register */

#endi f

#i f HCO8GP == TRUE
#define ADSCR (*(volatile char*)(0x3C))

/1 ADC status and control register
#def i ne ADCOBI T5_SET// ADC conti nuous conversion bit
#define AIENBI T6_SET// ADC interrupt enable bit
#defi ne COCOBI T7_SET// Conversion conplete flag
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#defi ne ADR (*(volatile char*)(0x3D))

#define ADCLK (*(volatile char*)(0x3E))

#defi ne ADC Power OF f 0x00// ADC Channel 0 sel ect
#defi ne ADC Channel 10x01// ADC Channel 1 sel ect
#defi ne DC _Channel 20x02// ADC Channel 2 sel ect
#defi ne ADC Channel 30x03// ADC Channel 3 sel ect
#defi ne ADC Channel _40x04// ADC Channel 4 sel ect
#defi ne ADC Channel 50x05// ADC Channel 5 sel ect
#defi ne ADC Channel 60x06// ADC Channel 6 sel ect
#defi ne ADC Channel 70x07// ADC Channel 7 sel ect
#defi ne ADC VREFHOXx1D// ADC VREFH sel ect

#defi ne ADC VREFLOXOE// ADC VREFL sel ect

#if F_BUS ==
#defi ne ADIVOx30// ADC input clock : 2
#endi f /1 2.0 MHz

#if F_BUS == 24
#def i ne ADI VOx30// ADC input clock : 2
#endi f [l 2.4576 MHz

#if F_BUS == 25
#def i ne ADI VOx30// ADC input clock : 2

#endi f /1 2.5 MHz

#if F_BUS ==

#defi ne ADI VOx50// ADC input clock : 4
#endi f /1 4.0 MHz

#if F_BUS == 49
#def i ne ADI VOx50// ADC input clock : 4

#endi f /1 4.9152 MHz

#if F_BUS ==

#def i ne ADI VOx50// ADC input clock : 4
#endi f /] 5 Mz

#if F_BUS == 73
#def i ne ADI VOx50// ADC input clock : 4

#endi f [l 73728 MHz

#if F_BUS ==

#def i ne ADI VOx70// ADC input clock : 8
#endi f /1 8.0 MHz

#endi f

Parallel or Serial CAN Connection
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/* HCO8 * HCO08 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */
/* END of Analog to Digital Converter Declarations for the HCO8 Fami|y*/
/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */

/* PIT */

#i f HCO8AZ == TRUE

#defi ne PSC (*(volatile char*)(0x4B))

/1 @iny volatile char PSC @x4b; /* PIT status/ctrl register */
#def i ne PCNT (*(volatile char*)(0x4Q))

/1 @iny volatile int PCNT @x4c; [/* PIT counter register */
#define PCNTH (*(volatile char*)(0x4C))

/1 @iny volatile char PCNTH @x4c; [/* PIT counter high */
#define PCNTL (*(volatile char*)(0x4D))

/1 @iny volatile char PCNTL @x4d; /* PIT counter |ow */
#define PMOD (*(volatile char*)(0x4E))

/] @iny volatile int PMOD @x4e; [/* PIT nmodul o register */
#define PMODH (*(volatile char*)(0x4E))

/1 @iny volatile char PMODH @x4e; [* PIT nodulo high */
#define PMODL (*(volatile char*)(0x4F))

/1 @iny volatile char PMODL @x4f; /* PIT nodulo | ow */
#endi f

/| #pragma space |[]

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */
/* SI M FLASH BREAK Decl arations for the HC08 Fanmily*/

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8  */
#i f HCO8AZ == TRUE

#define SBSR (*(volatile char*) (0xFEOQO))

/1 volatile char SBSR  @xfe00; /[* SIM break status register*/

#define SRSR (*(volatile char*)(0xFEOQ1))
// volatile char SRSR @xf e01; /* SIMreset status register*/

#define SBFCR (*(volatile char*)(0xFEO03))
/1l volatile char SBFCR @xfe03; /[* SIM break control register*/

#def i ne BRK (*(volatile char*)(0xFEOC))
// volatile int BRK @xf eOc; /* BREAK address register */

#define BRKH (*(volatile char*)(0xFEOC))
/1 volatile char BRKH  @xfeOc; /* BREAK address register |ow/

#def i ne BRKL (*(volatile char*)(0xFEOD))
/1 volatile char BRKL @xf e0d; /* BREAK address register high*/

#defi ne BRKSCR (*(vol atile char*) (0OxFEOE))
/1l volatile char BRKSCR @xf eOe; /* BREAK status/ctrl register*/

#define LVISR (*(volatile char*)(0xFEOF))
/] volatile char LVISR @xfeOf; /[* LVI status register */
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#define EENVR (*(volatile char*)(0OxFELC))
/1l volatile char EENVR @xfelc; /* EEPROM non-vol atile register*/

#define EECR (*(vol atile char*) (OxFELD))
// volatile char EECR @xf eld; /* EEPROM control register*/

#define EEACR (*(vol atile char*) (0OxFELF))
/1l volatile char EEACR @xfelf; [* EEPROM array ctrl register*/

#define COPCTL (*(volatile char*)(O0xFFFF))
// volatile char COPCTL @xffff; [* COP control register */
#endi f

#i f HCO8GP == TRUE

#define SBSR (*(volatile char*) (0xFEOQQ))
// volatile char SBSR @xf e00; /* SIM break status register*/

#define SRSR (*(volatile char*)(0xFEQ1))
/1l volatile char SRSR  @xfe01; /* SIMreset status register*/

#define SUBAR (*(volatile char*)(0xFEQ2))
/1 volatile char SUBAR @xfe02; [* SI M upper byte address register*/

#define SBFCR (*(volatile char*)(0xFEQ3))
/1l volatile char SBFCR @xfe03; /[* SIM break control register*/

#define I NT1 (*(volatile char*)(0xFEO4))
/1 volatile char INT1 @xf e04; /[* SIMinterrupt status register 1*/
#define 11 0x04// IRQ

#define 12 0x08// PLL

#define 13 0x10// TIML, CHO
#define 14 0x20// TIM, CHL
#define 15 0x40// TIM, OVL
#define 16 0x80// TIM, CHO

#define | NT2 (*(volatile char*)(0xFEO5))
/1 volatile char |INT2 @xf e05; [* SIMinterrupt status register 2*/

#define | NT3 (*(volatile char*) (0xFEO6))
/1 volatile char INT3 @xf e06; [* SIMinterrupt status register 3*/

#define FLTCR (*(volatile char*)(0xFEQ7))
/1l volatile char FLTCR @xfe07; /* FLASH test control register*/

#define FLCR (*(volatile char*) (0xFEO08))

// volatile char FLCR @xf e08; /* FLASH control register*/
#defi ne PGV BI TO_SET/* Program control bit (1 = on)*/

#defi ne ERASEBI T1_SET/* Erase control bit (1 = on)*/

#defi ne MASSBI T2_SET/* Mass erase control bit (1 = on)*/

#defi ne HVENBI T3_SET/* Hi gh-vol tage enbable bit (1 = on)*/

#def i ne BRK (*(volatile int*)(0xFEQ9))
/] volatile int BRK @xf e09; /* BREAK address register */
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#define BRKH (*(volatile char*) (0xFEQ9))

/1 volatile char BRKH  @xfe09; /* BREAK address register |ow/

#def i ne BRKL (*(volatile char*)(0xFEOA))

/1 volatile char BRKL @xf e0A; /* BREAK address register high*/

#defi ne BRKSCR (*(vol atile char*) (0xFEOB))

/1 volatile char BRKSCR @xf eOB; /* BREAK status/ctrl register*/

#define LVISR (*(volatile char*)(0OxFEOC))
// volatile char LVISR @xfeOC, [* LVI status register */

#define COPCTL (*(volatile char*)(OxFFFF))
/1 volatile char COPCTL @xFFFF; [* COP control register */
#endi f

#i f HC08GP20
#define FLBPR (*(volatile char*)(0xFF80))

/1 volatile char FLBPR @xFF80;/* FLASH bl ock protect register*/

#endi f

#i f HC08GP32
#define FLBPR (*(volatile char*)(0OxFF7E))

/1 volatile char FLBPR @xFF7E;/* FLASH bl ock protect register*/

#endi f

/* HOO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO08 * HCO8 * HC08  */
/* END of SI M FLASH BREAK Decl arations for the HCO8 Family*/

/* HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO8 * HCO08 * HCO8 * HC08  */
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MCU_Hardware_Description.H
Hardware Description File

#i ncl ude "MCU General _Statenents. h"
#i ncl ude "MCU_Assenbl er _Instructions. h"
#i ncl ude "MCU_Har dwar e_Descri pti on_HC08. h"

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

DESCRI PTI ON: I/ O Definitions for Mbtorola MCU s:

68HC( 9) 08: MCU_Har dwar e_Descri pti on_HC08. h

FI LE NAME: MCU_Har dwar e_Descri ption. h

AUTHOR: Haral d Kreidl, Mtorola GrbH, Minich,
Emai | : haral d. kr ei dl @mot orol a. com

HI STORY:

Version 1.0, 23. Septenber 1998 (created the file)
Version 1.2, 18. August 1999 (added the HCO8GP fam ly)
Version 2.0, 17. Novenber 1999 (added MPC555, restructured file system

Sonme Conpi |l er dependent expl anations:
1. Placing Registers in the Zero Page:

COsM C:

@iny places data objects selectivly in the zeropage (COSM C Q).

But this statenent is not understood by the H ware Conpiler.

Therefor | chose:

#defi ne PTA (*(volatile char*)(0x00)).

This definition is understood by both conpilers but you have to force the COSM C
conpiler into the small nmenory nodell. Otherwi se the zeropage instructions are
not used. The Hi ware Conpiler puts the data automatically in the zero page.

If tiny is not used force the tiny nmenory nodel (set the +zpg switch).

E B T T R I B RTINS N T R T

HI WARE:
It is not necessary to force the tiny nmenory nodel. The Conpiler does it
by itself.
* #defi ne PTA (*(volatile char*)(0x00))
* [l @iny volatile char PTA@ 0x00;
* #define PTAOBIT 0_SET
* #define PTALBIT 1 SET
* #define PTA2BI T 2_SET
*
* Set a bit: PTA | = PTAO;
* Clear a bit: PTA = ~PTAO;
* Set multiple bits in a byte: PTA | = PTAO0+PTAL;
* Clear multiple bits in a byte: PTA = ~( PTAO+PTAL) ;
*
*
*

*******************************************************************************/
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MCU_ASSEMBLER_INSTRUCTIONS.H
In-Line Assembler Commands

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

* DESCRI PTI ON: Assenbl er Instruction Macros for Mtorola MU s:
* 68HC( 7, 8) 05: MCU_Har dwar e_Descri pti on_HC05. h

*

* FI LE NAME: MCU Assenbl er I nstructions.h

*

*  AUTHOR: Haral d Kreidl, Mtorola GrbH Minich,

* Emai | : haral d. krei dl @mot orol a. com

*

* H STORY:

* Version 1.0, 23. Septenber 1998 (created the file)

* Version 2.0, 17. Novenber 1999 (restructured file system
*

*

*

*

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

#i fdef _ H WARE /1 Hiware

#define di sable_interrupts() asm SEl ;

#defi ne enabl e_interrupts() asm CLI ;

#defi ne stop MCU() asm STOP;

#defi ne no_operation() asm NOP;

#el se /* COSM C C- Conpi | er-vendor non-ANSI declaration of interrupt function */
#define di sable_interrupts() _asm("sei\n")

#defi ne enabl e_interrupts() _asm("cli\n")

#defi ne stop MCU() _asm("stop\n")

#defi ne no_operation() _asm("nop\n")

#endi f [/ Hi ware
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CAN_CONTROLLER.H

CAN Controller Definitions

#i ncl ude

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

Flowcharts and Source Code Files

"MCU_Sel ect . h"

/* Structures for the CAN Tx and Rx Buffer

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

typedef struct

vol atil e unsi gned

vol ati |l e unsi gned

vol ati |l e unsi gned

vol ati |l e unsi gned

vol ati |l e unsi gned

vol atil e unsi gned
} TX_MESSAGE BUFFER;

/* Eine CAN-Message */

t ypedef struct
_U16
_ o8
_ o8
_ o8
} TCANMsg ;

typedef struct

{

1D ;

RTR ;
LENGTH ;
DATA[ 8] ;

vol atil e unsi gned

vol atil e unsi gned

vol ati |l e unsi gned

vol ati |l e unsi gned

vol ati |l e unsi gned

vol atil e unsi gned
} RX_MESSACGE_BUFFER;

/1 Function Prototypes
Bus_Qutput( void );
Bus_| nput ( void );
Address_To_Bus( _U08 );
Data_To Bus( _U08 );
Data_From Bus( void );

voi d
voi d
voi d
voi d
_Uo8
_Uo8
voi d
voi d
voi d
voi d
_Uo8
_Uo8
_Uo8

Parallel or Serial CAN Connection

Read Byt e(

char | DRO;
char | DR1;
char | DR2;
char | DR3;
char DSR[ 8];
char DLR;

/* 11 Bit-Kennung

/* TRUE, wenn renote request

/* Anzahl der gueltigen Datenbytes (0..8)
/* Datenbytes 0..7

char | DRO;
char | DR1;
char | DR2;
char | DR3;
char DSR[ 8];
char DLR;

_uo8 );

Wite Byte( _U08, _U08 );

Bit Set( _U0
08, _U08 );

Bit_C ear(

8, _U08 );

Initialize CAN Controller( void );
CAN Wite( void);

CAN_Read( void );

Read _Status( void );

Source Code Files

*/

*/
*/
*/
*/

Designer Reference Manual

MOTOROLA

Flowcharts and Source Code Files

141



Flowcharts and Source Code Files

[*** Error Mask Bits ***/

#defi ne CAN ERR OK 0x00

#defi ne CAN ERR XMIFULL 0x01 /* Send buffer full in the CAN controller */
#defi ne CAN ERR RCVEMPTY  0x02 /* No new nessage was received */
#defi ne CAN_ERR OVERRUN 0x04 /* CAN control |l er message overrun */
#defi ne CAN ERR BUSERROR  0x08 /* Bus error: error counter reached limt */
#defi ne CAN _ERR BUSOFF 0x10 /* Busf error: CAN controller bus off */
#defi ne CAN ERR REGTEST 0x20 /* Register test at CAN controller failed */
#if SJA1000 == TRUE

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

; With sjal000 the SPI-signal are used as controll bus

EE R R R I R R R I R R R R I R I R R R I R R

; $jal000 signal wite define Bit O 1 2 3

*/

#defi ne wite cycle_ O 0x03 /1 AS=1 CS=1 E=0 WR=0

#defi ne wite cycle 1 0x02 /1 AS=0 CS=1 E=0 WR=0

#defi ne wite cycle 2 0x00 /1 AS=0 CS=0 E=0 WR=0

#defi ne wite cycle 3 0x04 /1 AS=0 CS=0 E=1 WR=0

/1l sja signal read define Bit O 1 2 3

#defi ne read_cycle_0 0ox0B /1 AS=1 CS=1 E=0 WR=1

#defi ne read_cycle_ 1 0x02 /1 AS=0 CS=1 E=0 WR=0

#defi ne read_cycle 2 0x00 /1 AS=0 CS=0 E=0 WR=0

#def i ne read_cycle_3 ox0C /1 AS=0 CS=0 E=1 WR=1

#def i ne read_cycle_4 0x04 /1 AS=0 CS=1 E=0 WR=1

/1 define can paraneter bezogen auf 16MHz Quarz, 1 sanple point

#defi ne can_baud0O_20k OxF1

#defi ne can_baudl_20k 0x23 [1; 62%

#def i ne can_baud0O_50k Oox9of

#defi ne can_baudl 50k 0x11 /1 60%

#defi ne can_baud0O_125k 0xc3

#defi ne can_baudl_ 125k 0x58 /Il 62%

#defi ne can_baud0O_250k Oxcl

#def i ne can_baudl 250k 0x58 [l 62%

#defi ne can_baud0O_500k 0xcO

#defi ne can_baudl_500k 0x58 Il 62%

#def i ne can_baud0O_1000k 0xcO0

#def i ne can_baudl 1000k 0x23 [l 62%

/* address and bit definitions for the Mbde & Control Register */
#defi ne ModeControl Reg 0x00

#define RM RR Bit 0x01 /* reset node (request) bit */
#define STMBit 0x04 /* self test node bit */
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#i f defined (Peli CANMbde)

#define LOMBit 0x02 /* listen only node bit */
#define STMBit 0x04 /* self test nobde bit */
#define AFM Bit 0x08 /* acceptance filter node bit */
#defi ne SMBit 0x10 /* enter sleep node bit */
#endi f

/* address and bit definitions for the Interrupt Enable & Control Register */
#i f defined (Peli CANMbde)

#define I nterrupt EnReg 0x03 /* Pel i CAN node */
#define RIE Bit 0x01 /* receive interrupt enable bit */
#define TIE Bit 0x02 /* transmit interrupt enable bit */
#define EIE Bit 0x04 /* error warning interrupt enable bit */
#define DO E Bit 0x08 /* data overrun interrupt enable bit */
#define WIE Bit 0x10 /* wake-up interrupt enable bit */
#define EPIE Bit 0x20 /* error passive interrupt enable bit */
#define ALIE Bit 0x40 /* arbitration lost interr. enable bit */
#define BEIE Bit 0x80 /* bus error interrupt enable bit */
#el se /* Basi cCAN node */
#define I nterrupt EnReg 0x00 /* Control Register */
#define RIE Bit 0x02 /* Receive Interrupt enable bit */
#define TIE Bit 0x04 /* Transmit Interrupt enable bit */
#define EIE Bit 0x08 /* Error Interrupt enable bit */
#define DO E Bit 0x10 /* Overrun Interrupt enable bit */
#endi f

/* address and bit definitions for the Command Regi ster */
#def i ne CommandReg 0x01

#define TR Bit 0x01 /* transm ssion request bit */
#define AT Bit 0x02 /* abort transm ssion bit */
#define RRB Bit 0x04 /* rel ease receive buffer bit */
#define CDO Bit 0x08 /* clear data overrun bit */
#i f defined (Peli CANMbde)

#define SRR Bit 0x10 /* self reception request bit */
#el se /* Basi cCAN node */
#define GIS Bit 0x10 /* goto sleep bit (Basi cCAN node) */
#endi f

/* address and bit definitions for the Status Register */
#defi ne St at usReg 0x02

#define RBS Bit 0x01 /* receive buffer status bit */
#define DOS Bit 0x02 /* data overrun status bit */
#define TBS Bit 0x04 /* transmit buffer status bit */
#define TCS Bit 0x08 /* transmi ssion conplete status bit */
#define RS Bit 0x10 /* receive status bit */
#define TS Bit 0x20 /* transmt status bit */
#define ES Bit 0x40 /* error status bit */
#define BS Bit 0x80 /* bus status bit */
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/* address and bit definitions for the Interrupt Register

#define I nterruptReg
#define Rl _Bit
#define Tl _Bit
#define El _Bit
#define DA _Bit
#define WU Bit

#i f defined (Peli CANMbde)
#define EPI _Bit
#define ALI Bit
#define BElI _Bit
#endi f

0x03
0x01
0x02
0x04
0x08
0x10

0x20
0x40
0x80

/* receive interrupt bit
/* transmit interrupt bit
/* error warning interrupt bit
/* data overrun interrupt bit
/* wake-up interrupt bit

/* error passive interrupt bit

/* arbitration lost interrupt bit

/* bus error interrupt bit

/* address and bit definitions for the Bus Tining Registers

#defi ne
#def i ne
#def i ne

BusTi m ngOReg
BusTi m nglReg
SAM Bi t

0x06
0x07
0x80

1 ==the bus is sanpled 3 tines
0 == the bus is sanpled once

/* sanpl e node bit

/* address and bit definitions for the Qutput Control Register

#def i ne Qut Control Reg 0x08
/* OCMODE1l, OCMODEO

#def i ne Bi PhaseMbde 0x00
#defi ne Nor rmal Mode 0x02
#defi ne d kQut Mode 0x03
/* output pin configuration for
#define OCPOL1 Bit 0x20
#defi ne Tx1Fl oat 0x00
#define Tx1Pul |l Dn 0x40
#define Tx1Pul | Up 0x80
#define Tx1PshPul | 0xC0
/* output pin configuration for
#defi ne OCPOLO_Bit 0x04
#defi ne TxOFI oat 0x00
#defi ne TxOPul | Dn 0x08
#defi ne TxOPul | Up 0x10
#defi ne TxOPshPul | 0x18

/* bi-phase out put node
/* normal output node
/* cl ock output node
X1
/* output polarity control bit
/* configured as fl oat
/* configured as pull-down
* i -
/* configured as pull-up
/* configured as push/ pul
TXO */
/* output polarity control bit
/* configured as fl oat
/* configured as pull-down
* i -
/* configured as pull-up
/* configured as push/ pul

/* address definitions of Acceptance Code & Mask Registers

#i f defined (Peli CANMbde)

#def i ne
#def i ne
#defi ne
#defi ne
#def i ne
#def i ne
#def i ne
#def i ne
#el se

#defi ne
#defi ne
#endi f

Accept CodeOReg
Accept CodelReg
Accept Code2Reg
Accept Code3Reg
Accept MaskOReg
Accept Mask1Reg
Accept Mask2Reg
Accept Mask3Reg

Accept CodeReg
Accept MaskReg

Designer Reference Manual

0x16
0x08
0x08
0x08
0x08
0x08
22

23

4
5

/* Basi cCAN npde

*/

*/
*/
*/
*/
*/

*/
*/
*/

*/

*/
*/

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

*/
*/
*/
*/
*/

*/

*/
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/* address definitions of the Rx-Buffer */
#i f defined (Peli CANMbde)

#defi ne RxFramel nfo 16

#defi ne RxBufferl 17

#defi ne RxBuffer2 18

#defi ne RxBuffer3 19

#defi ne RxBuffer4 20

#defi ne RxBuffer5b 21

#defi ne RxBuffer6 22

#defi ne RxBuffer?7 23

#defi ne RxBuffer8 24

#defi ne RxBuffer9 25

#defi ne RxBuffer10 26

#defi ne RxBufferi1l 27

#defi ne RxBuffer12 28

#el se /* Basi cCAN node * [
#defi ne RxBufferl 20

#defi ne RxBuffer2 21

#defi ne RxBuffer3 22

#defi ne RxBuffer4 23

#defi ne RxBuffer5b 24

#defi ne RxBuffer6 25

#defi ne RxBuffer?7 26

#defi ne RxBuffer8 27

#defi ne RxBuffer9 28

#defi ne RxBuffer10 29

#endi f

/* address definitions of the Tx-Buffer */
#i f defined (Peli CANMbde)

/* wite only addresses */
#defi ne TxFranelnfo 16

#define TxBufferl 17

#defi ne TxBuffer?2 18

#defi ne TxBuffer3 19

#defi ne TxBuffer4 20

#defi ne TxBuffer5 21

#defi ne TxBuffer6 22

#define TxBuffer?7 23

#define TxBuffer8 24

#defi ne TxBuffer9 25

#defi ne TxBufferl10 26

#define TxBufferll 27

#defi ne TxBuffer12 28

/* read only addresses */
#def i ne TxFramel nf oRd 96

#defi ne TxBufferRdl 97

#defi ne TxBufferRd2 98

#defi ne TxBuffer Rd3 99

#def i ne TxBuffer Rd4 100

#def i ne TxBuffer Rd5 101

#def i ne TxBuffer Rd6 102

#defi ne TxBufferRd7 103

#defi ne TxBuffer Rd8 104

#def i ne TxBuffer Rd9 105
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#def i ne TxBufferRd10 106
#defi ne TxBufferRd11 107
#defi ne TxBufferRd12 108
#el se /* Basi cCAN node

#define TxBufferl 10
#defi ne TxBuffer2 11
#defi ne TxBuffer3 12
#defi ne TxBuffer4 13
#defi ne TxBuffer5b 14
#defi ne TxBuffer6 15
#define TxBuffer?7 16
#defi ne TxBuffer8 17
#defi ne TxBuffer9 18
#defi ne TxBuffer10 19
#endi f

/* address definitions of Oher
#i f defined (Peli CANMbde)

Regi sters

CLKQUT = oscillator frequency
CLKQUT = 1/2 oscillator frequency
clock off bit,

pin TX1 used for receive interrupt
CAN conpar at or bypass control bit
CAN node definition bit

*/

*/

*/

*/
*/

*/
*/
*/
*/

#def i ne ArbLost CapReg 11
#def i ne Err CodeCapReg 12
#defi ne ErrWarnLi nmt Reg 13
#def i ne RxErr Count Reg 14
#def i ne TxErr Count Reg 15
#def i ne RxMsgCount Reg 29
#def i ne RxBuf St art Adr 30

#endi f

/* address and bit definitions for the Cock Divider Register
#defi ne C ockDi vi deReg 31
#define DivByl 0x07 /*
#defi ne Di vBy2 0x00 /*
#define A kO f _Bit 0x08 /*
control of the CLK QUT pin

#define RXI NTEN_Bit 0x20 /*
#define CBP_Bit 0x40 *
#defi ne CANMbde Bit 0x80 /*
#endi f

#if MCP2510 == TRUE
/*

/1 Function Prototypes

*/

void Spi _Wite(_U08, U08 );

void Spi _CAN Start (void);

void Spi _trans( _U08 );

voi d enabl e MCP( voi d);

voi d di sabl e_MCP( void);

_U08 Spi _read(_U08 );

voi d Spi _BitMde(_U08, U08, U08);
void Initialize CAN Controller( void );
_U08 Spi _read_status(void);
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mcp2510.h
Include File for MPC2510 Registers

/| #i f ndef _MCP2510 H_
/| #define _MCP2510 H_

/*

** Register offsets into the transnit buffers.
*/

#def i ne TXBnCTRL
#def i ne TXBnSI DH
#def i ne TXBnSI DL
#def i ne TXBnEl D8
#def i ne TXBnEl DO
#defi ne TXBnDLC
#def i ne TXBnDO
#def i ne TXBnD1
#def i ne TXBnD2
#def i ne TXBnD3
#def i ne TXBnD4 10
#def i ne TXBnD5 11
#def i ne TXBnD6 12
#def i ne TXBnD7 13
#def i ne CANSTAT 14
#def i ne CANCTRL 15

OCO~NOOUOP~WNEO

#defi ne S| DH 0
#defi ne S| DL 1
#defi ne El D8 2
#def i ne ElI DO 3

/*

** Register offsets into the receive buffers
*/

#def i ne RXBnCTRL
#def i ne RXBnSl| DH
#def i ne RXBnSl DL
#def i ne RXBnEl D8
#def i ne RXBnEl DO
#defi ne RXBnDLC
#def i ne RXBnDO
#def i ne RXBnD1
#def i ne RXBnD2
#def i ne RXBnD3
#def i ne RXBnD4 10
#def i ne RXBnD5 11
#def i ne RXBnD6 12
#def i ne RXBnD7 13

OCO~NOOUPA~AWNEO

#def i ne RXBODLC 0x65
#def i ne RXBODO 0x66
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/*

** Bits

*/

#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

#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
#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

ne
ne

ne
ne

ne
ne
ne
ne

ne
ne

ne
ne

ne

ne
ne
ne
ne
ne
ne

ne
ne
ne

ne
ne

in the TXBnCTRL registers.

TXB_TXBUFE_M
TXB_ABTF_M
TXB_M.OA_M
TXB_TXERR M
TXB_TXREQ M
TXB_TXI E_M
TXB_TXP10_M

DLC_MASK
RTR_MASK

TXBOCTRL
TXBOSI DH
TXBOSI DL
TXBODCL
TXBODO

TXB1CTRL
TXB1SI DH

TXB2CTRL
TXB2SI DH

TXPRI CHI GH
TXPRI OHI GHLOW
TXPRI CLOWHI GH
TXPRI OLOW

TXB_EXI DE_M
TXB_RTR_M

RXB_| DE_M
RXB_RTR_M

BFPCTRL

B2RTS
B1RTS
BORTS
B2RTSM
B1RTSM
BORTSM

TEC
REC
CLKCTRL

RXFOSI DH
RXFOSI DL

Designer Reference Manual

0x80
0x40
0x20
0x10
0x08
0x04
0x03

OxOF
0x40

0x30
0x31
0x32
0x35
0x36

0x40
0x41

0x50
0x51

0x03
0x02
0x01
0x00

0x08 /1
0x40 /1

I n TXBnSI DL
In TXBnDLC

0x08 /1
0x40 /1

I n RXBnSI DL
In RXBnDLC

0x0C

0x20
0x10
0x08
0x04
0x02
0x01

0x1C

0x1D
CANCTRL
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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
#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
#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

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

#def i

Parallel or Serial CAN Connection

ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

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

ne

ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

ne
ne
ne
ne
ne
ne
ne
ne

ne
ne
ne
ne
ne

ne

RXFOEI D8
RXFOEI DO
RXF1SI DH
RXF1SI DL
RXF1EI D8
RXF1EI DO
RXF2SI DH
RXF2SI DL
RXF2EI D8
RXF2EI DO

RXF3SI DH
RXF3SI DL
RXF3EI D8
RXF3EI DO
RXF4SI DH
RXF4SI DL
RXF4EI D8
RXF4EI DO
RXF5SI DH
RXF5SI DL
RXF5EI D8
RXF5EI DO

RXF_EXI DE_M

RXMDSI DH
RXMDSI DL
RXMLSI DH
RXMLSI DL
CNF3
CNF2
CNF1
CANI NTE
CANI NTF
EFLG
TXRTSCTRL

EFLG_RX1OVR
EFLG_RXOOVR
EFLG_TXBO
EFLG_TXEP
EFLG_RXEP
EFLG_TXWAR
EFLG_RXWAR
EFLG_EWARN

SIWL
SIW
SIWB
SIWM
BTLMODE_CNF3

SAWVP1

PPRPOO~NOORWN

= O

16
17
18

20
21
22
23
24
25

27

0x08

0x20
0x21
0x24
0x25
0x28
0x29
Ox2A
0x2B
0x2C
0x2D
0x0D

0x80
0x40
0x20
0x10
0x08
0x04
0x02
0x01

0x00
0x40
0x80
0xCo
0x80

0x00
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#def i ne SAMP3 0x40
#def i ne SEGL 0x00
#def i ne SER 0x01
#def i ne SEG3 0x02
#def i ne SEG4 0x03
#defi ne SEGH 0x04
#def i ne SEG6 0x05
#def i ne SEG/ 0x06
#def i ne SE& 0x07
#def i ne BRP1 0x00
#def i ne BRP2 0x01
#def i ne BRP3 0x02
#defi ne BRP4 0x03
#def i ne BRP5 0x04
#def i ne BRP6 0x05
#def i ne BRP7 0x06
#def i ne BRP8 0x07
#define I VR E 0x80
#defi ne WAKI E 0x40
[* trrrrrrtrill second define 11!
#defi ne ERRI E 0x20
*/

#define TX2I E 0x10
#define TX1IE 0x08
#defi ne TXOI E 0x04
#defi ne RX1lI E 0x02
#defi ne RX0l E 0x01
#define NO IE 0x00
#define | VRI NT 0x80
#defi ne WAKI NT 0x40
#defi ne ERRI NT 0x20
#defi ne TX2I NT 0x10
#defi ne TX1I NT 0x08
#defi ne TXOI NT 0x04
#defi ne RX1I NT 0x02
#defi ne RXOI NT 0x01
#define NO_ I NT 0x00
#def i ne RXBOCTRL 0x60
#defi ne RXBICTRL 0x70
#def i ne RXB_RXRDY 0x80
#defi ne RXB_RXML 0x40
#defi ne RXB_RXMD 0x20
#defi ne RXB_RX_ANY 0x60
#defi ne RXB_RX_EXT 0x40
#defi ne RXB_RX STD 0x20
#def i ne RXB_RX_ STDEXT 0x00
#defi ne RXB_RXMk_M 0x60
/1 #define RXB RXIE M 0x10
#defi ne RXB_RXRTR 0x08 /1 I n RXBnCTRL
Designer Reference Manual Parallel or Serial CAN Connection
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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
#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
#def i

#def i
#def i

ne
ne

ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

ne

ne
ne
ne
ne

ne
ne
ne
ne
ne
ne

ne
ne
ne
ne
ne
ne

ne
ne

RXB_BUKT
RXB_BUKT_RO

RXB_FI LHI T
RXB_FI LHI T2
RXB_FI LHI T1
RXB_FI LHI T_M
RXB_RXF5
RXB_RXF4
RXB_RXF3
RXB_RXF2
RXB_RXF1
RXB_RXFO

CLKEN

CLK1
CLK2
CLK4
CLK8

MODE_ NORVAL
MODE_SLEEP
MODE_L OOPBACK
MODE_LI STENONLY
MODE_CONFI G
ABORT

SPI _RESET
SPI _READ
SPI _WRI TE
SPI _RTS

SPI _STATUS
SPI _BI TMOD

RECEI VE_BUFFER( x)
TRANSM T_BUFFER( X)
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0x04
0x02

0x01
0x04
0x02
0x07
0x05
0x04
0x03
0x02
0x01
0x00

0x04

0x00
0x01
0x02
0x03

0x00
0x20
0x40
0x60
OxEO
0x10

0xC0
0x03
0x02
0x80
O0xA0
0x05

(0x60 + 0x10*(x))
(0x30 + 0x10*(x))

/lextern void ncp_read can ( uchar buffer, uchar* ext, unsigned | ong* can_id,

/1

//extern
|/ extern

[/ extern
[/ extern
|/ extern
|/ extern
//extern

/1

[/ extern
[/ extern
|/ extern

#endi f

Parallel or Serial CAN Connection

uchar* dlc, uchar* rtr, uchar* data );

void ncp_wite_can_id ( uchar ncp_addr, uchar ext, unsigned long can_id );
void ncp_read_can_id ( uchar ntp_addr, uchar* ext, unsigned long* can_id );

voi d ntp_reset(void);
void ncp_read ( uchar MCPaddr, uchar* readdata, uchar length );

voi d ncp_read_al

( void );

void ncp_wite_tbuf ( unsigned char value );
void ncp_wite_can (uchar buffer, uchar ext, unsigned |ong can_id,

uchar dlc, uchar rtr, const uchar* data );

void ncp_transmt( uchar buffer );
void ncp_init(void);
void ncp_wite ( uchar MCPaddr, const uchar* witedata, uchar length );
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Appendix C. Motorola Embedded CAN MCU Selector
Guide

See Table C-1 for the Motorola Embedded CAN MCU Selector Guide.
Please check with your local Motorola distributor for availability.
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Table C-1. Embedded CAN Microcontroller Selector Guide

FLASH | Device Oper. | Oper.
.1 ROM | RAM -~ | EEPROM ; : Pkg FLASH :
Device® (Bytes) | (Bytes) FEE y(t)eTSF; glrg{?on (Bytes) Timer 110 Serial MUX AD PWM COP Option Vo(l;(/e;ge (F’\;'e_g) Temp or OTP Comments Documentation
MC68HC705X4 — 176 4K — — 16-bit, 16 — CAN — — Y 28 SOIC 5.0 21 C — 2-MHz bus speed |MC68HC05X4/D
11/C,10/C (ow) only
MC68HC05X4 4K 176 — — — 16-bit, 16 — CAN — — Y 28 SOIC 5.0 21 c 706X4  |2-MHz bus speed [MC68HC05X4/D
11/C,10IC, (ow) (limited) |only
MFI, RTI
MC68HC908AZE0A — 2K 60K — 1K 8-CH+2-CH, 50 SCl, CAN 15-CH Seetimer | Y 64 QFP 5.0 80 [ CCVM — MC68HC908AZ60A/D
FLASH 16-bit, SPI [2.0a/2.0b| 8-bit (FU) Max
IIC, OIC,
or PWM
MC68HCO08AZ32A 32K 1K — — 512 4-CH+4-CH, 48 SCl, CAN 15-CH Seetimer | Y 64 QFP 5.0 80 | C,V,M |908AZ60A MC68HC08AZ32A/D
16-bit, SPI [2.0a/2.0b| 8-bit (FU) Max
IIC, OIC,
or PWM
MC68HC08AZ60 60K 2K — — 1K 6-CH+2-CH, 48 SCl, CAN 15-CH Seetimer | Y 64 QFP 5.0 80 | C,V,M |908AZ60A MC68HC08AZ60/D
16-bit, SPI [2.0a/2.0b| 8-bit (FU) Max
IIC, OIC,
or PWM
MC9S12DP256 — 12K | 256K — 4K 8-CH, Upto45 | 2SCl, Upto 2x8-CH, | 8-CH, 8-hit | Y | 112LQFP 5.0 250 | ¢ v, M@ — MC9S12DP256/D
FLASH 16-bit 1SPI 5CAN 10-bit or 80 QFP
and 4-CH, 16-hit
1xJ1850
MC68HC912BC32 — 1K 32K — 768 8-CH, 16-bit | Upto 63 | SCl, CAN 8-CH, | 4-CH,8-bit | Y 80 QFP 5.0 80 | CCVM — msCAN CAN 2.0a [MC68HC912B32TS/D
FLASH IIC or OIC, SPI J1850 10-bit or (FU) Max and 2.0b, BDM
RTI, pulse 2-CH, 16-hit
accumulator
MC68HC912D60A — 2K 60K — 1K 8-CH, 16-hit | Upto 66, | 2 SCI, CAN | 2x8-CH, | 4-CH, 8-hit | Y 112 QFP 5.0 80 [c, v, M@ — 0.5 ptechnology, |MC68HC912D60/D
FLASH enhanced plus 1SPI |2.0a/2.0b| 10-hit or 5V FLASH,
capture upto18 2-CH, 16-hit MC plan Q2 2001
timer input-only
(ECT) lines
MC68HC912DG128A — 8K 128K — 2K 8-CH, 16-bit | Upto 67, | 2SCI, | 2xCAN | 2x8-CH, | 4-CH, 8-hit | Y | 112 LQFP 5.0 80 [c,v.m@ — 0.5p technology,  |MC68HC912DT128A/D
FLASH buffered plus 1SPI |2.0a/2.0b| 10-hit or 5V FLASH, ideal
input upto18 2-CH,16-hit for gateway
captures | input-only applications.
lines Replacement for
XC68HCDG128
MC68HC912DT128A — 8K 128K — 2K 8-CH, 16-bit | Upto 67, | 2SCI, | 3xCAN | 2x8-CH, | 4-CH, 8-bit | Y | 112 LQFP 5.0 80 [c, v, M@ — 0.5p technology,  |MC68HC912DT128A/D
FLASH buffered plus 1SPI |2.0a/2.0b| 10-hit or 5V FLASH,
input upto18 2-CH,16-hit ideal for Gateway
captures | input-only applications
lines
MPC555/6 0 26K 448K | USIU — 50-CH — QSMCM 2x 2QADC64| 8xPWM | — | 272PBGA | 3.3Vdc | 40.0 M — MPC556 offers MPC555UM/AD
+6K timer system: (2SCI | TOUCAN | (10-hit AID for core, code compression |TPURM/AD
for 2TPU3 +QSPI) with 5.0 Vdc support RCPURM/AD
TPU +MIOS1 +2 64 result for FLASH
TOUCAN registers
each)

1. Please check with your local Motorola distributor for availability.

2. M temperature range limited to single-chip mode.
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Appendix D. MC33388 Motorola CAN Interface

D.1 Contents

D.2 IntroducCtion. . .......... ... 156
D.3 Features . .......... i 157
D.4  Pin Connections and Ordering Information. . .. ........... 158
D.5 Electrical Characteristics . ........................... 159
D.5.1 Maximum Ratings. . . ... 159
D.5.2 ThermalRatings. . .......... ... .. 159
D.5.3 DC CharacteristicCs . . . .. ... i 160
D.5.4 AC CharacteristicCs . . . ... ..o s 163
D.6 Device Description . . ... 165
D.6.1 Packaging. . . ... 165
D.6.2 Transmitter Function . ............ ... .. .......... 165
D.6.3 Receiver Function . ........... ... ... . ... 166
D.6.4 Noise Filtering .. ........ .. i 166
D.6.5 Device OperationModes .. ........... ... .. 166
D.6.6 Operation Modes .. ...........c .. 168
D.6.7 SystemPowerOn . ......... . . .. 169
D.6.8 VppResetFunction.............................. 170
D.6.9 Battery FailFlag. . ........... ... ... ... .. ... ..... 170
D.6.10 Bus Failure Detection. . ............ ... .....0.... 170
D.6.11 TX Permanent Dominant Detection .. ................ 171
D.6.12 Behavior Under Faults Condition. . .................. 171
D.6.13 Detailed Description of Error Detections . ............. 171
D.6.14 WakeupEvents ........ ... .. . . . 173
D.6.15 FaultOperationTable............... ... ........... 173
D.7 Pin Function Description. . ........... ... ... 174
D.7.1 VeaT (INpUt) .. oo 174
D.7.2 Vpp (INput) . . .o 174
Parallel or Serial CAN Connection Designer Reference Manual

MOTOROLA MC33388 Motorola CAN Interface 155



MC33388 Motorola CAN Interface

D.2 Introduction
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D.7.3  CANH. ... ... . 174
D.7.4  RTH ... 175
D.7.5  CANL ... .. 175
D.7.6 RTL. .o 175
D.7.7 STBandEN........... .. ... 176
D.7.8 INH . . 176
D.7.9  WAKE. ... .. 176
D.7.00  TX. o 177
D.7.11 RX . 177
D.7.12 NERR. ... . 177
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D.9.4 Results . ... 182
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The MC33388 is a controller area network (CAN) physical interface
device dedicated to automotive body electronics multiplexing
applications. It operates in differential mode, allowing ground shifts up to
1.5V, reducing radio frequency interference (RFI) disturbances. It offers
very low standby current in sleep mode and standby mode operation and
supports communication speeds up to 125 kbaud.

The MC33388 is fully protected against harsh automotive environments
and the driver is able to detect fault conditions and automatically switch
into appropriate default mode. Under default conditions, it continuously
monitors bus failures and switches back to normal bus operation as soon
as faults disappear.

See Figure D-1 for a simplified block diagram.
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Vpp BAT
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A

A
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Figure D-1. Simplified Block Diagram

D.3 Features

Features include:

* Very low sleep/standby current (15 pA/typical)

* Baud rate from 10 kbaud up to 125 kbaud

Features

RTL
CANH
CANL
RTH

» Automatic switching to single-wire mode in case of bus failures

and return to differential mode if bus failures disappear

* Supports 1-wire transmission modes with ground offsetupto 1.5V

* Internal bus driver slope control function to minimize RFI
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MOTOROLA MC33388 Motorola CAN Interface

157



MC33388 Motorola CAN Interface

Features continued:
* Bus line short circuit protected to battery, Vpp, and ground
» Bus line protected against automotive transients
» Thermal protection of bus line drivers
» Supports unshielded twisted pair bus
* An unpowered node does not disturb the bus lines

» Wakeup capability triggered from bus message and wakeup input
pin
» Wakeup pin with dual edge sensitivity

» Battery fail flag reported on NERR output

* Ambient temperature range from —40° C to 125°C

D.4 Pin Connections and Ordering Information

Figure D-2 shows the pin connections for the MC33388 with ordering
information given in Table D-1. See D.10 Case Outline Dimensions.

INH []O 1 14 [] BAT
™ ]2 13 [] GND
rx []3 12 ] cANL
NERR []4 11 7] CANH
st [] 5 10 [ Vpp
eNn []6 9 [ RTL
wake []7 8 [] RTH

Figure D-2. Pin Connections

Table D-1. Ordering Information

. Operating
Device Temperature Range Package
MC33388D Tp =—40°Cto 125°C SO-14
Designer Reference Manual Parallel or Serial CAN Connection
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D.5 Electrical Characteristics

D.5.1 Maximum Ratings

MC33388 Motorola CAN Interface
Electrical Characteristics

Ratings Symbol Min Max Unit
DC supply voltage pin 10 Vpp -0.3 6 Y,
DC voltage on pins 2, 3, 4,5, 6, and 7 Vpb -0.3 Vpp +0.3 \%
DC voltage on pins 11 and 12 VBus -20 +27 vV
Trg"f'\f;‘;‘f’gasgfla\t&:s;g "i‘r”i' égo s Veann/Veant —40 40 v
e T e
DC voltage on pin 7 Viwake — Vgar + 0.3 Y
Current in pin 7 lwake -15 3 mA
DC voltage on pin 1 VINH -0.3 Vgar + 0.3
DC voltage on pins 8 and 9 Vel VRTH -0.3 40
DC voltage on pin 14 Vear -0.3 27
Voltage on pin 14 (load dump, 500 ms) Vear — 40
ESD voltage on any pins (HBM.100 pF; 1.5 kQ) VEsp -3.0 3.0 kv
ESD voltage on any pins (MM.200 pF; 0 Q) VEsDp —-200 200 Vv
Junction temperature T; -40 150 °C
Storage temperature Tsto -55 150 °C
RTH and RTL termination resistance Rt 500 16,000 Q

D.5.2 Thermal Ratings
Rating Symbol Value Unit

Thermal resistance from junction to ambient Rrha/a 120 °CIW

Parallel or Serial CAN Connection
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D.5.3 DC Characteristics

MC33388 Motorola CAN Interface

Conditions@ Symbol Min Typ Max Unit
SUPPLY
Vpp supply current (normal mode)
TX = Vpp, recessive state voo o 2.3 8 mA
Vpp supply current (normal mode)
. | — 3.3 5 mA
TX =0V, no load, dominant state vbb
Vgat Supply current (normal mode
BAT S pply ( ) laar B 150 300 A
TX=Vpp
Total supply current (receive-only mode)
Vpp =5 V; Vgar = 12V lvpp + lgaT - 0.85 1.2 mA
Total supply current (Vgar Standby mode)
I +1 —
Vpp =5 V; Vgar = 12V VDD ©BAT 20 40 WA
VgaT Supply current (sleep mode)
I —
Vpp=0V; Vgar =12V BAT 15 25 PA
STB, EN, and TX Pins
High-level input voltage Vi 0.7*Vpp — Vpp +0.3 Y
Low-level input voltage VL -0.3 — 0.3*Vpp Y,
High-level input current (STB, EN) (V, =4 V) H — 20 40 HA
Low-level input current (STB, EN) (V,=1V) I 10 20 — PA
TX high-level input current (V, =4 V) ITx -25 -80 —200 HA
TX low-level input current (V= 1V) ITx -100 -320 —-800 HA
Forced Vgag standby mode (fail safe) threshold Vpp 3 4 4.7 Y,
Battery voltage for setting power on flag Vear 1.5 3 4 \%
RX and NERR Pins
High-level output voltage NERR
(IO =_-100 UA) VOH VDD -0.9 — VDD \Y
High-level output voltage RX (Ig = —250 pA) Von Vpp —0.9 — Vpp
Low-level output voltage (I = 1.5 mA) VoL 0 — 0.9
WAKE Pin (must be connected to GND or BAT if not used)
Typical wakeup threshold (Vg1g = 0 V),
. . _ @ Wuihreshi — 0.44 Vpar — \
high-to-low transition, Vgar = 6 V10 18 V
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Conditions® Symbol Min Typ Max Unit
Typical wakeup threshold (Vg1 =0 V),
. - _ @ Wlihresin — 0.57 Vgar — v
low-to-high transition, Vgar =6 V1o 18 V
Wakeup threshold hysteresis Wupyst 500 — — mV
Wakeup threshold, high-to-low transition _
at Vgur = 12 V Wuy, 3.6 — 6.5 \Y
Wakeup threshold, low-to-high transition
at VBAT =12V WU|h 6.2 —_— 7.5 \%
INH Pin
High-level voltage drop
(It = 0.2 MA, INH high) Vbrop 0 — 0.8 v
Leakage current (sleep mode; Viyy = 0 V) ILINH 0 — 5 HA
CANH and CANL Pins
Differential receiver, recessive-to-dominant Vv 32 25 Y
threshold (by dEﬁnition, VDlFF = VCANH_VCANL) DIFF1 e _ e
Differential receiver, dominant-to-recessive
. \ -3 — 2.
threshold (bus failures 1, 2, and 5) DIFF2 32 2.5 v
CANH recessive output voltage
CANL recessive output voltage
TX = Vpp; Rrry <4k Ve | Voo =02 a a v
CANH output voltage, dominant
TX=0V; lcann = —40 mA; normal operating VCANH Vpp 1.4 — — \Y;
mode
CANL output voltage, dominant
TX=0V; IcanL = 40 mA, normal operating VeaNL — —_ 1.4 Y,
mode
CANH output compare (Vcany =0; TX=0 lcANH 50 75 100 mA
CANL output current (Vcan, =14 V; TX = 0) lcanL 50 90 130 mA
. _ . . V ,
Detection threshold for short-circuit to battery CANH 73 79 8.9 v
voltage (normal mode) VeaNL
Detection threshold for short-circuit to battery
Y, Vgar/2 + 3 — Vgar/2 +5
voltage (standby/sleep mode) CANH BAT BAT v
CANH output t (sl de;
output current (sleep mode; . . 5 10 VA

Veann = 12V, failure 3)

Parallel or Serial CAN Connection
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Conditions@ Symbol Min Typ Max Unit
CANL output current (sleep mode; Vean, =0V, | 0 )
Vpar = 12V, failure 4) CANL - WA
CANL wakeup voltage threshold Vwakel 2.5 3.3 3.9
CANH wakeup voltage threshold V\wakeH 1.2 2 2.7
V. —
Wakeup threshold difference (hysteresis) Vwakel‘ 0.2 — — \%
WakeH
CANH single-ended receiver threshold
X \ . . .
(failures 4, 6, and 7) SE,CANH L5 1.85 2.15 v
CANL single-ended receiver threshold
X \ . . .
(failures 3 and 8) SE,.CANL 2.8 3.05 3.4 v
CANL pullup current (normal mode,
. I
failures 4, 6,and 7) CANL,PU 45 & 90 WA
CANH pulldown current (normal mode
. ’ I
failure 3) CANH.PD 45 & 90 WA
Receiver differential input impedance
R _
CANH/CANL DIFF 100 180 kQ
Differential receiver common mode voltage v 10 L 10 v
range CcoMm
CANH-to-ground capacitance CcaANH — — 50 pF
CANL-to-ground capacitance CeanL — — 50 pF
CcanL-to-Ccann Capacitance difference
DC — — 10 F
(absolute value) CAN P
RTH and RTL Pins
RTL-to-Vpp switch on resistance R 10 20 50 o
(loyt < —10 mA; normal operating mode) RTL
RTL-to-BAT switch series resistance
(Vgar standby mode or sleep mode) RRrL 8 12.5 20 kQ
RTH-to-ground switch on resistance
(Iout < 10 mA; normal operating mode) RRTH 10 25 50 Q
Thermal Shutdown
Shutdown temperature Tsp — 165 — °C

1. Vpp = 4.75 10 5.25; Vga1 = 6 10 27 V; Tpyg = —40 to 125° C, unless otherwise noted
2. When Vg7 is greater than 18 V, the wakeup thresholds remain identical to the wakeup thresholds at 18 V.
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MC33388 Motorola CAN Interface
Electrical Characteristics

Conditions® Symbol Min Typ Max Unit
CANL and CANH slew rate (10% to 90%)
. . @ tsL 3.5 5 10 V/ps
rising or falling edges
Propagation delay TX-to-RX low® tPDLow — 1 2 Hs
Propagation delay TX-to-RX high(® tPDHigh — 1 2 Hs
Minimum dominant time for wakeup on CANL or
CANH (Vgag standby and sleep modes; tywake 8 16 30 Hs
Vegar = 12V)
Minimum WAKE time for wakeup (Vgar Standby
) ~ twake 6 15 30 ps
and sleep modes; Vgt = 12 V)
Failure 3 detection time (normal mode) tDE3 10 — 60 Hs
Failure 6 detection time (normal mode) tbre 50 — 400 us
Failure 3 recovery time (normal mode) {bR3 10 — 60 us
Failure 6 recovery time (normal mode) {DR6 150 — 1000 VS
Failure 4, 7, and 8 detection time (normal mode) tbra7s 0.75 — 4 ms
Failure 4, 7, and 8 recovery time (normal mode) tbr478 10 — 60 us
Failure 3, 4, 7, and 8 detection time ¢ 0.8 8
Va7 standby and sleep modes; Vgar = 12 V) DF347 : - ms
Failure 3, 4, 7, and 8 recovery time i o5
(Vgar standby and sleep modes; Vgar = 12 V) DR347 - : - ms
Minimum hold time for “go-to-sleep” command teTs 4 — 38 Hs
Edge count difference between CANH and
CANL for failures 1, 2, and 5 detection (NERR Ecpe — 3 —
becomes low), (hormal mode)
Edge count difference between CANH and
CANL for failures 1, 2, and 5 recovery (nhormal Ecpr — 3 —
mode)
TX permanent dominant timer disable time
. t . —
(normal mode and failure mode) TX.d 0.75 4 ms
TX permanent dominant timer enable time
. t —
(normal mode and failure mode) TX.e 10 60 HS

1. Vpp = 4.75 10 5.25; Vgat = 6 10 27 V; Tpypg = —40 to 125° C, unless otherwise noted
2. AC characteristics measured according to the schematic shown in Figure D-4.
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A

v Tx HIGH: RECESSIVE BIT Tx HIGH: RECESSIVE BIT
X
Tx LOW: DOMINANT BIT
|
CANL |
| - - - = — — =
| /
| /
| /
CANH + — — — — -
|
|
|
| - 29V
Voirr | VTHRD) 5V
Vex I | |
| | VA
R Nt — —f = — — - 03V
| tonx | | toirx_ |
| ! ! |
»
RECESSIVE BIT! DOMINANT BIT | RECESSIVE BIT
Figure D-3. Device Signal Waveforms
Vop
gloo Q _]: 1nF
CANL 1
1nF
CANH 1
%100 Q ——1nF
Figure D-4. Test Circuit for AC Characteristics
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D.6 Device Description

D.6.1 Packaging

The MC33388 is a low-speed CAN fault tolerant physical interface
designed for automotive multiplexed electronic systems. The MC33388
addresses the low-speed body electronics application, in which the
speed of communications is between 10 kbaud and 125 kbaud, on two
wire bus configurations. It is designed to operate in the harsh automotive
environment.

The MC33388 can control the external voltage regulator of the system
through the dedicated INH pin. It allows the application to be switched
into low-power mode. Wakeup can be done either from bus activity or
local wakeup switch. The MC33388 is tolerant to faults occurring at the
CAN bus in normal operating mode and low-power mode.

The device is assembled in an SO-14 narrow body package. Thermal
performances allow the device to operate in the automotive ambient
temperature range from —40° C to 125°C.

D.6.2 Transmitter Function

CAN bus levels are called dominant and recessive and correspond
respectively to the low and high states of the TX input pin. The recessive
state is a weak state, where bus lines are driven through pullup and
pulldown resistors. Recessive state can be overwritten by any other
node forcing a dominant state, in which bus lines are driven through
active switches.

The bus is terminated by pullup and pulldown resistors which are
connected to GND, Vpp, or Vgat through dedicated RTL and RTH pins
and internal circuitry.

The bus line slew rates are controlled to minimize the RFI allowing use
of unshielded cables for the bus.
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D.6.3 Receiver Function

D.6.4 Noise Filtering

In normal operation (no bus failures), RX is the image of the differential
bus voltage. The differential receiver inputs are connected to CANH and
CANL through integrated filters. The filtered input signals are also used
for the single-wire receivers.

The device incorporates comparators connected to CANH and CANL in
order to monitor and report the bus state to the microcontroller as well as
to detect bus failures. Failures are reported to the microcontroller
through the NERR pin.

In normal operation when no failure is present, the differential
comparator is active. Under a fault condition, one of the two CANH or
CANL pins can be non-operational. Then, the single-ended comparator
of either CANH or CANL is activated and continues to report bus states
to the microcontroller. The MC33388 permanently monitors bus failure
and recovery, and as soon as fault disappears, it automatically switches
back to differential operation.

The device is optimized for dual-wire operation. During all single-wire
transmissions, the electromagnetic compliance (EMC) performance in
both immunity and emission are worse than in differential mode.
Integrated receiver filters suppress any high frequency (HF) noise
induced into the bus wires. The cut-off frequency of these filters is a
compromise between propagation delay and HF suppression. In
single-wire mode, low frequency noise can not be distinguished from the
active signal at the bus line.

D.6.5 Device Operation Modes

The MC33388 has four operation modes:

Normal

Receive only

* Standby VBAT

* Sleep
Designer Reference Manual Parallel or Serial CAN Connection
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Each of these modes is controlled by the state of the EN and STB pins.

The state machine shown in Figure D-5 and the truth table in Table D-2
indicate how to configure the device into each mode and the pin
functions in each operation mode.

A

(BUS FAILURE, ON) (WAKEUP EVENT, OFF) 0.0)

( NORMAL MODE (1, 1) ) »( GO TO SLEEP MODE (0, 1“
M 1,1

A A

1,1
SLEEP MODE (0, 0)

(WAKEUP EVENTL 2 OFF)j

(1.0

ﬂECEIVE ONLY MODE (1, 0)
k (Vgat FAIL FLAG, ON) J< K (WAKEUP EVENT, ON) j

T POWER-UP

(0.1)

(BUS MESSAGE, WAKE PIN)
STANDBY Vg, MODE (0, ON

WAKEUP EVENT

Y

LEGEND:

NERR:
ﬂ'RANSCEIVER MODE (STB STATE, EN STATEN BUS — BUS ERROR IS FLAGGED.

WAKE — WAKEUP EVENT IS FLAGGED.
K (NERR FUNCTION, INH STATE) j BAT — BAT FAIL IS FLAGGED.

INH:
ON — INH IS SWITCHED ON.
OFF — INH IS FLOATING.

Notes:
1. With permanent Vpp
2. Vpp is still switched on.
3. If no wakeup occurs after 25 ps
4. As long as INH is on

Figure D-5. State Machine and Operation Modes
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Table D-2. Truth Table

STB | EN Mode INH NERR RX RTL lop® | Igat®
Vear _ Switched Typical
0 0 High 5
standby® 9 t0 Vgar WA 15 pA
Active low: Switched Not Tvoical
. ; ; 0 ypica
0 0 Sleep® Floating wakeup interrupt signal )
P (if Vpp is present) to Vgar | applicable | 15 pA
Go-to-sleep . Switched
0 1 command Floating to Vgar T o
. Active low: .
Receive Switched
1 | o0 X High Vaar WIChea 1 800 pa _
only® _ : to Vpp
power-on flag | High: recessive state
Low: dominant state ®
. Active low: Switched | 2.3 mA Typical
1 1 Normal High error flag toVpp | 33mA® | 150 pA

1. Values are typical, without bus load current.

2. Wakeup interrupts are released when entering normal operating mode.

3. If the go-to-sleep command was used before EN, it may turn low as Vpp drops without affecting internal functions because
of the fail safe functionality.

4. Vgat power-on flag will be reset when entering normal operation mode.

5. In recessive state

6. In dominant state, value with no load at bus

D.6.6 Operation Modes

Normal Mode
In this mode, all functions are available and the NERR pin reports bus
failure.

Receive-Only Mode
In this mode, the transmitter path is disabled, so the device does not
drive the bus. It maintains CANL and CANH in recessive state. The
receiver function operates normally. As the device can not drive the
bus, an incoming CAN message could not be acknowledged by the
node. NERR output signals the Vgt power-on flag and RX reports

bus state. Failure detection and management are the same as in
normal mode.

Designer Reference Manual Parallel or Serial CAN Connection
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Sleep Mode
In this mode, the transmitter and receiver functions are disabled. The
CANL pin is connected to Vgat through the RTL resistor and an

internal pullup resistor of 12.5 kQ. The INH pin is switched in
high-impedance state. The external voltage regulator connected to
INH will be switched off and no Vpp is supplied to the MC33388. In
this mode the device is still supplied by the Vga1. Supply current from
Vgat is 15 pA typical. The MC33388 monitors the bus activity and the
state of WAKE pin and VgaT level. If wakeup conditions are
encountered, the device wakes up to standby Vgat mode and INH is
switched on.

Standby Vgat Mode
This mode is similar to sleep mode, but the INH pin is in the high state
to maintain the external 5-V regulator activated. Wakeup events are
directly reported to NERR and RX thanks to the 5 V available at Vpp.

CANL is the same configuration as in sleep mode.

NOTE: Standby and sleep modes are active when STB and EN are low.
Selection of standby or sleep mode is done through the activation
sequence of the EN and STB pins. Sleep mode is entered through an
intermediate step (go to sleep) where STB and EN are 0, 1. See
Table D-2.

D.6.7 System Power On

When the supply is first applied to the system, Vg1 and Vpp rise from 0
up to their nominal value and the device automatically enters into Vgat
standby mode. At this time, INH is switched in high state to activate the
external voltage regulator and an internal flag is set (batt fail flag). EN
and STB pins are internally forced in low state to maintain the device into
Vgat Standby mode.

The Vpp “forced Vgt standby mode (fail safe)” circuit will maintain the
device in VgaT Standby mode until Vpp is higher than 3 V, whatever the
external state of EN and STB.
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As soon as Vpp reaches the “forced Vgt standby mode (fail safe)”
threshold, the device can enter into other modes, depending on EN and
STB state.

D.6.8 Vpp Reset Function

If during operation Vpp drops below “forced Vgat Standby mode (fail
safe)” threshold, the device is automatically switched into Vg1 standby
mode to provide fail safe functionality.

D.6.9 Battery Fail Flag

When the VgaT supply drops below “battery voltage for setting power-on
flag” threshold, this information is internally latched. This means that the
system power supply has been lost (disconnected and reconnected for
instance).

This flag can be read by the microcontroller by switching the device into
receive-only mode, where the NERR pin reports the Vga power-on flag.
This flag is reset by entering into the normal mode.

D.6.10 Bus Failure Detection

The device permanently monitors the bus lines and detects faults in
normal and receive-only modes. Failures detected at the bus level are
listed here:

CANH wire interruption

CANL wire interruption

CANH short-circuit to battery
CANL short-circuit to ground
CANH short-circuit to ground
CANL short-circuit to battery
CANL and CANH mutually shorted
CANH short-circuit to Vpp

© N o o0 bk~ WD PRE
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D.6.11 TX Permanent Dominant Detection

In addition to the failures previously listed, the MC33388 detects a
permanent low state at TX input which results in a permanent dominant
bus state. The MC33388 detects if TX is low for more than 2 ms typical
and then disables the bus output driver in order to switch into recessive
state. This avoids blocked communication between other nodes of the
network.

D.6.12 Behavior Under Faults Condition

When a fault is detected, the device automatically takes appropriate
action to minimize the system current consumption and to allow
communication on the network. Depending on the type of fault, the mode
of operation and the fault detected, the device automatically switches off
one or more of these functions:

» CANL or CANH line driver
* RTL or RTH pullup or pulldown resistors or internal switches

These actions are detailed in Table D-3.

The device permanently monitors the faults and in case of fault recovery,
it automatically switches back to normal operation and reconnects the
open functions. Fault detection and recovery circuitry have internal filters
and delay timing detailed in D.5.4 AC Characteristics.

D.6.13 Detailed Description of Error Detections

The differential receiver threshold is set at —2.8 V. This ensures a proper
reception in the normal operating modes and in case of failures 1, 2, and
5 (Table D-3) noise margin as high as possible. These failures or their
recovery do not destroy ongoing transmissions.

Failures 3 and 6 (Table D-3) are detected by comparators respectively
connected to CANH and CANL. If the comparator threshold is exceeded
for a certain time, the device is switched to single-wire mode. This time
is needed to avoid false triggering by external RF fields. Recovery from
these failures is detected automatically after a certain timeout (filtering)
and no transmission is lost.
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Table D-3. Detail Fault Operation Table

) State of S1, S2, and S3 Internal Switches
Failure _ _ 1
Number Description Mode and CANL CANH Output Drivers

(Refers to Normal Mode)
No failure — Normal and receive only S1and S2 cI.osed,
CANL and CANH drivers enabled
. S3 closed,
No failure o Vear standby CANL and CANH drivers disabled
. S3 closed,
No failure o Sleep mode CANL and CANH drivers disabled
o Normal S1 and S2 closed,
1 CANH wire interrupted and receive only CANL and CANH drivers enabled
L Normal S1 and S2 closed,
2 CANL wire interrupted and receive only CANL and CANH drivers enabled
S1 open,
3 CANH short to BAT Al CANH driver disabled
S2 and S3 open,
4 CANL short to GND Al CANL driver disabled
Normal S1 and S2 closed,
5 CANH short to GND and receive only CANL and CANH drivers enabled
Normal S2 and S3 open,
6 CANL short to BAT and receive only CANL driver disabled
S2 and S3 open,
7 CANL short to CANH All CANL driver disabled
S1 open,
8 CANH short to Vpp Al CANH driver disabled

1. S4 and S5 behaviors are only dependent on the device operating mode.
S4 and S5 switches are closed in normal and receive-only modes and are open in sleep and standby modes.

Failures 4, 7, and 8 (Table D-3) initially result in a permanent dominant
level at the internal comparator outputs. If failures 4 and 7 appear, the
CANL driver and the RTL pin are switched off after a timeout, and only
a weak pullup at RTL remains. Reception continues by switching to
single-wire mode through CANH. When the failures 4 or 7 are removed,
the recessive bus levels are restored. If the receiver voltages remain in
the recessive state for a certain time, reception and transmission switch
back to the differential mode.

Designer Reference Manual Parallel or Serial CAN Connection

172

MC33388 Motorola CAN Interface MOTOROLA



MC33388 Motorola CAN Interface
Device Description

If failure 8 (Table D-3) is recognized, the CANH driver is switched off
after a timeout and the reception is switched to single-wire mode through
CANL. If the receiver voltages remain in the recessive state for a certain
time, reception and transmission switch back automatically to the
differential mode.

If any of the eight wiring failures occur, the output NERR will be switched
low. When the error recovers, NERR will be switched back to the high
state.

D.6.14 Wakeup Events

Wakeup requests are recognized by the MC33388 in sleep and Vgat
standby modes, either when a dominant state is detected on CANL or
CANH bus lines (remote wakeup) or if the WAKE pin changes state
(local wakeup).

Under power-up conditions when Vgat is higher than 5 V, the state
voltage on the WAKE pin is considered the reference state for the
wakeup function. On leaving normal mode, the current WAKE pin state
becomes the new reference state.

In sleep mode, on a wakeup request the transceiver sets the INH output
high to activate the external voltage regulator used for Vpp supplied. In
Vgat Standby, INH is already set high. When Vpp is set, the wakeup

request can be read on the NERR or RX outputs by the microcontroller.

To prevent false wakeup due to transients or RF fields, wakeup
threshold levels have to be maintained for a certain time. In the
low-power modes, failure detection circuit remains partly active to
prevent increased power consumption in cases of errors 3, 4, 7, and 8.

D.6.15 Fault Operation Table

Table D-3 shows the device operation in normal and low-power modes
and the internal actions happening under fault conditions. Refer to
Figure D-1 for device internal switch references.
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D.7 Pin Function Description

D.7.1 VBAT (Input)

D.7.2 VDD (Input)

D.7.3 CANH

Designer Reference Manual

This is the supply line of the device. It can be directly connected to the
battery line, can operate up to 27 Vdc, and sustain up to 40 V during load
dump condition. The supply current is dependent on the device
operation mode. In low-power mode, it is as low as 12 pA typical. A
battery fail flag circuitry is associated to this pin.

The Vgat pin must be protected by an external component against
reverse battery and negative transient voltages.

This pin is the 5-V input supply voltage for the device. In normal mode,
the current is up to mA typical and does not exceed mA in Vgat standby
mode. An undervoltage function is associated to Vpp and resets the
device to Vgt Standby mode when Vp falls below 3 V.

CANH is the bus output driver pin. CANH is a high-side switch structure
connected to Vpp supply. In recessive state, the high-side switch is off
and the bus CANH line is biased through the RTH pin circuitry and
external RTH resistor. In dominant state, the high-side switch is on and
the CANH line is switched to Vpp. Output voltage is above 3.6 V. CANH
output is protected against short-circuit to ground by internal current
limitation. A thermal shutdown with hysteresis switches off the CANH
driver if the temperature rises above 150° C. CANH output is protected
against short-circuit to higher voltage, such as Vgat, by an internal serial
diode in series with the switching component. CANH has a pulldown
current source, typically 75 pA, which can be activated under some fault
conditions.
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D.7.4 RTH

D.7.5 CANL

D.7.6 RTL

MC33388 Motorola CAN Interface
Pin Function Description

RTH is the connection to the CANH bus terminal resistors. RTH output
structure is a low-side switch, turned on under normal conditions and
automatically deactivated under some fault conditions. In the
application, an external resistor is connected between RTH and CANH
pins. In recessive state when CANH driver is off, CANH line is tied to
ground through the external RTH resistor.

CANL is the bus output driver pin. CANL is a low-side switch structure to
the ground. In recessive state, the low-side switch is off, and bus CANL
line is biased through the RTL circuitry and external RTL resistor. In
dominant state, low-side switch is on and CANL line is switched to
ground. Output voltage is below 1.4 V. CANL output is protected against
short-circuit to Vgat by internal current limitation. A thermal shutdown
with hysteresis is integrated and switches off CANL driver if temperature
rises above 150° C. CANL is protected against negative voltage, by an
internal serial diode in series with the switching component. CANL has
a pullup current source, typically 75 pA, activated under some fault
condition.

RTL is the connection to the CANL bus terminal resistors. RTL output
structure is a low-side switch, turned on under normal condition and
automatically deactivated under some fault conditions. In the
application, an external resistor is connected between RTL and CANL
pins. In recessive state when the CANL driver is off, CANL line is tied to
Vpp through external RTL resistor.

In VgaT Standby and sleep modes, the RTL pin is connected to the Vgt
line through an internal switch and a 12.5-kQ resistor. This means that
in these modes CANL bus line is biased to Vgat. Wakeup from these
modes is detected by CANL line going from Vgt level to CANL wakeup
threshold level.
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D.7.7 STB and EN

D.7.8 INH

D.7.9 WAKE

CAUTION:

Designer Reference Manual

STB and EN are input pins used to configure the device into a desired
mode. These pins are CMOS (complementary metal-oxide
semiconductor) compatible and are connected to the microcontroller of
the application.

This is an output of the MC33388 used to control an external voltage
regulator having an inhibit input. INH is a high-side switch structure,
active when the MC33388 is in normal, receive-only, or standby Vgat
modes. INH is switched off in sleep mode to switch off the voltage
regulator of the application. INH has no pulldown structure.

This is a high voltage input used to wake up the device from sleep and
Vgat Standby modes. WAKE is usually connected to an external switch
in the application. The typical WAKE thresholds are Vgat/2.

The WAKE pin has a special design structure and allows wakeup from
both high-to-low or low-to-high transitions. When entering into sleep or
Vgat Standby mode, the MC33388 monitors the state of the WAKE pin
and stores it as a reference state. The opposite state of this reference
state will be the wakeup event used by the device to enter again into
normal mode.

An internal filter is implemented with an 8-ps to 38-ys filtering time delay.
The WAKE pin input structure exhibits a high impedance, with extremely
low input current. A serial resistor should be inserted to limit the input
current mainly during transient pulses.

The WAKE pin should not be left open. If the wakeup function is not
used, WAKE should be connected to GND to avoid false wakeup.
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D.7.10 TX

TX s the transmitter input pin to control bus state. It is CMOS compatible
and usually is directly connected to the TX output of a microcontroller.
When TX is at high state, CANH and CANL are in recessive state. When
TXis low, CANL and CANH are in dominant state. Special fault handling
is provided to this input to detect permanent dominant state (TX low)
which would result in the CAN bus being permanently locked in
dominant state and would not allow communication. In the case where
TX is low for more than 2 ms typical, the device automatically switches
the bus lines to recessive. TX has an internal pullup resistor to Vpp. See
Table D-4.

D.7.11 RX

RX is the output receiver connection to the microcontroller. It reports the
bus state to the RX input pin of the microcontroller. RX is high when the
bus is recessive and low in dominant state. In sleep and standby Vgat
modes, RX reports wakeup events. See Table D-4.

Table D-4. Truth Table of RX and TX CAN Bus States

X RX Bus State Comment

Low Low Dominant

High High Recessive

High Low Dominant Bus driven by other node

D.7.12 NERR

NERR is the error output pin which reports errors encountered by the
device. When NERR is high, no error is reported; when NERR is low, an
error has been detected. In standby Vgat mode, NERR reports a
wakeup event. In receive-only mode, NERR reports Vg1 power-on flag.
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D.8 Application

Figure D-6 is a typical application schematic. All MC33388 capabilities
are utilized:

» CAN interface

* Normal and low-power modes

» Wakeup source from CAN bus or wakeup switch
The MC33388 Vpp is supplied through an external voltage regulator
having an inhibit input pin. In addition to TX and RX connections to the
microcontroller CAN module, the MC33388 requires three additional

connections to a standard microcontroller input/output (1/0O) port for the
EN, STB, and NERR pins.

BATTERY
BATTERY
SWITCH (£ 10kQ
LM2935 W 1N4148 .
. >V >33kQ
12V A
247 nF
- 2104F 247 nF 10KQ f SWITCH
T | T =
" Vorr WAKE - = OPTION WITH SWITCH TO GND
Voo
>47 fF —— R1* OPTIONAL COMMON
L MODE CHOKE

Vop - CANH

EN MC33388D CAN BUS
Mcu | 1o
PORT STB CANL

NERR Rt

CAN >

MODULE RX RTL *R1=R2=R (500 Q<R < 16 kQ)

Vs GND —_[__ R/number of nodes > 100 Q

— -
Figure D-6. Typical Application Schematic
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Application

The MC33388 WAKE pin is connected to an external signal switch.
MC33388 allows the single switch configuration to be connected either
to Vgat Or to ground through pullup or pulldown resistor. Configuration
with switch to GND is indicated as an option in the application schematic
(Figure D-6). A resistor must be inserted in series with the WAKE pin to
limit the input current during positive and negative transient pulses.

Decoupling capacitors are recommended on the MC33388 Vg1 and
Vpp lines. Those capacitors might be shared with other devices from the
same printed circuit board, depending on its configuration.

R1 and R2 are the network termination resistors. For proper operation,
they must have identical values (R1 equal to R2). Their value is
determined by the total network termination resistor and the number of
nodes.

The total network termination resistor value must be higher than 100 Q.
If a 500-Q termination resistor is chosen, with a system composed of 32
nodes, each R1 or R2 will be 16 kQ. In addition, R1 and R2 values
should be chosen between 500 Q and 16 kQ at each node.

The CANH and CANL pins can be directly connected to the CAN bus. A
serial common mode inductance can be inserted in order to improve
electromagnetic compatibility performances both in emission and
susceptibility.

The minimum device configuration is shown in Figure D-7. The device
is used as a CAN transceiver only and other features are not used. The
device EN and STB input pins must be connected to 5 V to set the device
in normal mode. INH and NERR can be left open.

CAUTION:  WAKE should not be left open and must be conected to a known state,
for example GND.
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BATTERY

i 1N4148

oV 210 yF 47 nF =
* 1 1
>4.7 pF—L - -
1T Vgar WAKE
= INH RTH
>47 nF Voo
24(n *
—— EN R1
Vbp
— L —1sTB
MCU CANH
__INERR MC33388D CAN BUS
CANL
CAN X Ro*
MODULE RX
Ves RTL
L GND *R1=R2=R (500 Q<R < 16 kQ)
- _—IT— R/number of nodes > 100 Q

Figure D-7. Minimum Application Schematic

D.9 Electromagnetic Compatibility

The device is designed for optimized noise emission (EMI) and high
susceptibility performances (EMC). The source for both disturbance and
susceptibility is primarily coming from the bus line wires. They are by far
the longest connections compared to the printed circuit board of the
application receiving the MC33388, the microcontroller, and the other
components.

D.9.1 EMI Noise

To minimize the HF noise generated by the complete application, the
MC33388 minimizes the common mode voltage and current glitches
occurring at each bus transition: from dominant to recessive and from
recessive to dominant. This is achieved by excellent matching in signal
transition CANL and CANH. The common mode voltage and current
glitches are defined as:

* CmV=(Vcanu + VeanD)/2

* Cml=(lcann = (IcanL)/2
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Electromagnetic Compatibility

The device is optimized for dual-wire operations. For instance, under the
fault condition where one CAN bus connection is shorted to fixed voltage
(for example, GND) the common mode will be considerably degraded.

Figure D-8 shows the typical signals for common mode voltage
measured at the CANL and CANH pins.

NERR: 5 VIDIV [t e ot
rlI

COMMON MODE ~ frmsmmmseas B

s =

GLITCH ! v

100 mV/DIV . '

]
TXBVIDIV |ty p —
L. "

Figure D-8. Typical Common Mode Glitch Measured
at CANL and CANH

CAUTION: The common mode voltage characteristics are dependant on the
immediate device environment, such as bus capacitor loading and bus
wire length and type, etc. In addition, the symmetry of the CANL and
CANH bus lines is a key parameter to optimize common mode glitches.
For instance, un-symmetry could result in different parasitic capacitor
values between CANL to GND and CANH to GND and will increase
common mode glitches and degrade overall system performance.

D.9.2 EMC Susceptibility Performances

The MC33388 is optimized for high immunity from external field
disturbances. The bus lines are by far the primary antenna for external
field coupling to the CANL, CANH, RTL, and RTH connections. The
device performances are characterized using the bulk current injection
(BCI) test method, derived from specification ISO 11452-4.
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D.9.3 Susceptibility Evaluation with BCI

D.9.4 Results

Designer Reference Manual

The component is configured according to the electrical schematic very
close to the typical application schematic shown in Figure D-6. The main
difference is that the microcontroller is replaced by an external generator
and analyzer connected to RX, TX, and NERR through an optical link. A
network composed of two nodes equipped with MC33388, one in emitter
and one in receiver, is evaluated. The disturbance is applied to both the
CANL and CANH twisted pair bus lines with an appropriate coupling
clamp.

During test sequences, received bits are compared to transmit bits.
When received bits are different from transmit bits, the device is
considered to have failed for the particular frequency.

Figure D-9 and Figure D-10 describe the device susceptibility
performances in the frequency range of 1 MHz to 400 MHz with injected
current target of 200 mA and 316 mA.

When the target current is reached and when no susceptibility is
observed, the next frequency point is analyzed, until reaching the
maximum frequency of 400 MHz. If a susceptibility is observed for a
particular frequency, the free point is marked.

* Figure D-9 shows results with a target susceptibility level of
316 mA or 49 dBmA with a 1 kHz, 80 percent modulation added to
the injected current.

* Figure D-10 shows the susceptibility levels with a target
susceptibility level of 200 mA or 46 dBmA without modulation
added to the injected current.

Parallel or Serial CAN Connection

182

MC33388 Motorola CAN Interface MOTOROLA



MC33388 Motorola CAN Interface
Case Outline Dimensions
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Figure D-9. Minimum Susceptibility Level with Modulation
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Figure D-10. Minimum Susceptibility Level without Modulation

D.10 Case Outline Dimensions

The MC33388 is packaged in a 14-pin plastic small outline dual in-line
package. Dimensions for this package are shown in Figure D-11.
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NOTES:
1. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982.

2. CONTROLLING DIMENSION: MILLIMETER.

3. DIMENSIONS A AND B DO NOT INCLUDE
A MOLD PROTRUSION.

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)

HHHHHHH " PER SIDE.

(&

. DIMENSION D DOES NOT INCLUDE
DAMBAR PROTRUSION. ALLOWABLE
B- \ DAMBAR PROTRUSION SHALL BE 0.127
P7pL (0.005) TOTAL IN EXCESS OF THE D

0 I | |ehmeommlsn] 3R smanese
HoHHdHHH

MILLIMETER$ INCHES
G c Rx45°4-H._ / —>/ F L MIN | MAX | MIN [ MAX

855 | 8.75 | 0.337 | 0.344
- - ~

380 | 4.00 | 0.150 | 0.157
_L [ e—— |

hEDEEEDEEEDEDj 135 | 175 [ 0.054 | 0.068
-T-_———————AL—‘ N
SEATING —>H<— D 14PL K K M J

0.35 0.49 | 0.014 | 0.019
PLANE b [0.25 (0.010®[ T[B ©|AB|

040 | 1.25 | 0.016 | 0.049
1.27BSC 0.050 BSC
0.19 | 0.25 | 0.008 | 0.009
0.10 | 0.25 | 0.004 | 0.009

0° 7° 0° 7°
580 | 6.20 | 0.228 | 0.244
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Figure D-11. Outline Dimensions for Case 751A-03
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