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Trademarks
IBM PC/AT is a trademark registered by International Business Machines
Corporation.
MS/DOS is a registered trademark and Windows is a trademark of
Microsoft Corporation.
PC/104 is a trademark of PC/104 Consortium.
Other product names mentioned herein are used for identification purposes
only and may be trademarks and/or registered trademarks of their respective
companies.
Copyright © 1998 by I+ME ACTIA
This document contains proprietary information protected by copyright. All
right reserved.
The information in this document is subject to change without prior notice in
order to improve reliability, design, and function and does not represent a
commitment on the part of the manufacturer.
In no event will the manufacturer be liable for direct, indirect, special,
incidental, or consequential damages arising out of the use or inability to use
the product or documentation, even if advised of the possibility of such
damages.
I+ME ACTIA assumes no responsibility for errors or omissions in this
guide.
No part of this document may be reproduced, transmitted, or used in any
form by means -graphics, electronics, mechanical or chemical, including
photocopying, recording in any medium, taping, by any computer or
information storage and retrieval systems, etc..., without prior written
permission from I+ME ACTIA.
Warning :
Before installing or removing any peripherals or components, make sure you
have a clear work space and that you adhere to all anti-static precautions.
I+ME ACTIA recommended only trained technicians operate on the system
board. Damage which occurs to the board while adding or removing
peripherals or components may void the warranty.
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INTRODUCTION

The INDUCAN104 is a peripheral board. It gives a single access to a CAN
network. According to the reference the single opto-isolated channel and its
DC/DC converter will allow to integrate it into an industrial environment
with strong electrical constraints...
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The INDUCAN104 board is supplied with DOS and Windows drivers.

Specifications

Standard configuration

SJA1000 Philips controller: 2.0A and 2.0B compatible,
1Mb/s baud rate.

CPLD XC9536 Xilinx: Access and address decoding

PCA82C250 Philips (or 82C251): High speed driver

LED Yellow LED for the IRQ
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Opto-isolated configuration

Opto-couplers: 6N137

Converter DC/DC: Converter 5V/5V 250mA

Connectors

HE_10 2x5 pins CAN access
PC/104 Head PC/AT access

Physical characteristics

Electrical:
+5V ±5 % @500 mA Maximum

Environment:
Functioning temperature: 0 / 70 °C
Storage temperature : -20 / 125 °C

Dimensions:
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HARDWARE DESCRIPTION and THEORY OF
OPERATION

CONNECTORS and CONFIGURATION

You can choose the IRQ level and the base address of the board:

Jumpers Codification:

* : Default position
P : Present
NP : No present
N.C : No connect

PC/104 board address

It is possible to choose 24 different addresses in order to select the PC/104
board from AT Bus. The address decoding takes place in the compatible I/O
AT area (from 100h to 3FFh).

Those addresses are:

E24 (A9) E23 (A8) E22 (A7) E21 (A6) E20 (A5) Addresses
P NP P P P 100h
P NP P P NP 120h
P NP P NP P 140h
P NP P NP NP 160h
P NP NP P P 180h
P NP NP P NP 1A0h
P NP NP NP P 1C0h
P NP NP NP NP 1E0h

NP P P P P 200h
NP P P P NP 220h
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NP P P NP P 240h
NP P P NP NP 260h

NP* P* NP* P* P* 280h
NP P NP P NP 2A0h
NP P NP NP P 2C0h
NP P NP NP NP 2E0h
NP NP P P P 300h
NP NP P P NP 320h
NP NP P NP P 340h
NP NP P NP NP 360h
NP NP NP P P 380h
NP NP NP P NP 3A0h
NP NP NP NP P 3C0h
NP NP NP NP NP 3E0h

On the board we use the SJA1000 stand alone controller which has two
modes: BasiCAn and PeliCAN.

BasiCAN needs 32 bytes space and PeliCAN 128 bytes. In order to take
only 32 bytes space in the compatible area of the AT Bus we use the
addresses bits A10 and A11 to access the SJA1000 in page mode:

For instance with 280h address:

Mode Address
BasicCan 0280h -> 029Fh IO 8 bits In/Out 32 registers

PeliCan 0280h -> 029Fh IO 8 bits In/Out Page 0 Reg. (0-32)
0680h -> 069Fh IO 8 bits In/Out Page 1 Reg. (33-64)
0A80h -> 0A9Fh IO 8 bits In/Out Page 2 Reg. (65-96)
0E80h -> 0E9Fh IO 8 bits In/Out Page 3 Reg. (97-128)

Address bit A5 to A9 to generate the decoding address (Chip select).
Address bit A11, A10 A4 - A0 to access the 128 registers (8 bits) of the
SJA1000 in the both mode.
The addressing space needed on the compatible (100h to 3FFh) area of the
AT Bus is only 32 bytes.
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IRQ LEVEL

There are 7 IRQ level corresponding  to the level of the AT Bus:
IRQ levels Jumpers

3 E3
4 E4
5* E5
7 E7
9 E9

10 E10
11 E11

A yellow LED indicates the state of the IRQ level:
! Switch on : IRQ active
! Switch off: IRQ no active

The INDUCAN104 board can not operate with "interrupt sharing".

Isolated part

The transmission lines (between the driver and the controller) are isolated
with two photo-couplers (6N137 with a propagation delay time max. of
75ns). The power supply of the isolated part comes from an "on board
DC/DC converter".

The photo-couplers add a virtual length cable due to the delay propagation
time: 0.2 m per 1ns delay propagation time: 15m for each 6N137.

Node A
Node BOpto

coupler
Opto

coupler

 CAN Bus

 Bus Final length  = Physical Length + 30 meters

PropagSpeed = 5ns/m

75 ns # 15 m 75 ns # 15 m

Isolation Isolation
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Network topology and medium

Network topology

The network topology is the Bus:

RTRT

Node XNode A

Node B Node Z

CAN_L

CAN_H

The value of RT (Terminal Resistor) is from 120 Ohms to 180Ohms. The
connection from the board to the network is considered as a stub and do not
exceeded 30 cm length.

The Bus driver available on the board is the PC82C250 (high speed driver)
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Medium

The medium will be a twisted pair shielded or not

Medium length

The length  of the medium depends on:
-Hardware delay
-Propagation time in the medium

The following table gives the length of the medium function of the baud
rate:

Baud rate Length cable
1 Mbit/s 25 m

800 Kbit/s 50 m
500 Kbit/s 100 m
250 Kbit/s 250 m
125 Kbit/s 500 m

Number of node

The number of node depends on the driver technology and the medium
technology:

Cable type n = 32 n = 64 n = 100
Thin cable  L = 200 m L = 170 m L = 150 m
Thick cable L = 800 m L = 690 m L = 600 m

AWG 20/ 0.5 mm² L = 360 m L =310 m L = 270 m
AWG 18/0.75 mm² L = 550 m L = 470 m L = 410 m

n = number of nodes
L =max. length

On the board the CAN driver can support up to 110 nodes.
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CONNECTORS

All connectors are numbered (Jx) and the pin number 1 is marked with a
square footprint on the soldering side.

 CAN connector:

The CAN access is possible with the J2 connector  (HE_10: 2*5 pins).

1 - N.C 6 - N.C
2 - GND 7 - N.C
3 - CAN_L 8 - N.C
4 - CAN_H 9 - N.C
5 - GND 10 - N.C

The CAN access is also possible with a SUB D 9 pins connector. The
correspondence between  the SUBD and the HE_10 is:

SUBD 9 pins 2*5 pins HE_10
1 1
2 3
3 5
4 7
5 9
6 2
7 4
8 6
9 8
X 10 N.C
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"Standard CIA" connectors
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PC/104 connector

The PC/104 connector is the J1:
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Row (A) - Component side Bus AT
PIN Name Function
1 I/O CHCK Mem. Parity Error
2 D7 DATA bit D7
3 D6 DATA bit D6
4 D5 DATA bit D5
5 D4 DATA bit D4
6 D3 DATA bit D3
7 D2 DATA bit D2
8 D1 DATA bit D1
9 D0 DATA bit D0
10 I/O CHRDY CPU Ready Control
11 AEN Address Enable
12 A19 Address A19
13 A18 Address A18
14 A17 Address A17
15 A16 Address A16
16 A15 Address A15
17 A14 Address A14
18 A13 Address A13
19 A12 Address A12
20 A11 Address A11
21 A10 Address A10
22 A9 Address A9
23 A8 Address A8
24 A7 Address A7
25 A6 Address A6
26 A5 Address A5
27 A4 Address A4
28 A3 Address A3
29 A2 Address A2
30 A1 Address A1
31 A0 Address A0
32 GND Ground 0V

Row (B) - soldering side Bus AT
PIN Name Function
1 GND Ground 0V
2 RESET System reset
3 +5V +5 Volts Power
4 IRQ9 Interrupt req 9
5 -5V -5 Volts Power
6 DRQ2 DMA Req channel 2
7 -12V -12 Volts Power
8 0WS Zero Wait State
9 +12V +12 Volts Power
10 GND Ground 0V
11 SMEMW Memory Write (first 1Mb)
12 SMEMR Memory Read (first 1Mb)
13 IOW I/O Write
14 IOR I/O Read
15 DACK3 DMA Ack channel 3
16 DRQ3 DMA Req channel 3
17 DACK1 DMA Ack channel 1
18 DRQ1 DMA Req channel 1
19 REF Memory Refresh
20 SYSCLK System clock
21 IRQ7 Interrupt req 7
22 IRQ6 Interrupt req 6
23 IRQ5 Interrupt req 5
24 IRQ4 Interrupt req 4
25 IRQ3 Interrupt req 3
26 DACK2 DMA Ack channel 2
27 TC DMA Terminal Count
28 BALE Address latch enable
29 +5V +5 Volts Power
30 OSCB 14.31818 MHz clock
31 GND Ground 0V
32 GND Ground 0V
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Row (C) - Component side -Bus AT
PIN Name Function
1 GND Ground 0V
2 SBHE Bus High Enable
3 LA23 Address 23
4 LA22 Address 22
5 LA21 Address 21
6 LA20 Address 20
7 LA19 Address 19
8 LA18 Address 18
9 LA17 Address 17
10 MEMR Memory Read
11 MEMW Memory Write
12 SD8 Data bit 8
13 SD9 Data bit 9
14 SD10 Data bit 10
15 SD11 Data bit 11
16 SD12 Data bit 12
17 SD13 Data bit 13
18 SD14 Data bit 14
19 SD15 Data bit 15
20 N.C No connect

Row (D) - solder ing side - Bus AT
PIN Name Function
1 GND Ground 0V
2 MEMCS1

6
16-bit memory access

3 IOCS16 16-bit I/O access
4 IRQ10 Interrupt Req 10
5 IRQ11 Interrupt Req 11
6 IRQ12 Interrupt Req 12
7 IRQ15 Interrupt Req 15
8 IRQ14 Interrupt Req 14
9 DACK0 DMA Ack channel 0
10 DRQ0 DMA Req channel 0
11 DACK5 DMA Ack channel 5
12 DRQ5 DMA Req channel 5
13 DACK6 DMA Ack channel 6
14 DRQ6 DMA Req channel 6
15 DACK7 DMA Ack channel 7
16 DRQ7 DMA Req channel 7
17 +5V +5 Volts Power
18 MASTER Bus Master assert
19 GND Ground 0V
20 GND Ground 0V
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INDUCAN104 board: Connectors and jumpers
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DRIVERS AND UTILITIES SETUP

The floppy disks shipped with the INDUCAN104 board contains
drivers for the MS-DOS and Windows operating systems.
Along with the drivers come test and utility programs that will
help using the INDUCAN104 board in these environments.
A development toolkit including samples provides C/C++ pro-
grammers with the ability to efficiently develop their own appli-
cations for these operating systems.

MS-DOS

DRIVER

To use the INDUCAN104 board under MS-DOS, you need to install first
the ADTM.EXE and ACAN.EXE Terminate and Stay Resident (TSR) pro-
grams.

ACAN.EXE is the INDUCAN104 board driver. This driver handles
accesses to the CAN bus and offers a programming interface to applications.
For efficiency reasons, the choice of a true multitasking behavior of the
ACAN driver has been made. The multitasking requirements of ACAN are
achieved through ADTM.

ADTM.EXE is a general purpose real-time multitasking monitor designed
by I+ME ACTIA for use under MS-DOS. Using ADTM, several DOS
applications written in assembly and/or C/C++ language can cooperate
smoothly while still being able to use MS-DOS services.

A functional ADTM is actually made of two files:
- ADTM.EXE multitasking monitor code (TSR or driver)
- ADTM.INI configuration file for the monitor

A complete description of ADTM is available in a separate document.
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As for ADTM, ACAN.EXE only installs in memory the code needed to use
INDUCAN104 board. It only needs to know the base I/O address and IRQ
number of the main component of the board to complete its installation.
Uninstallation is possible too.

AUTOMATIC SETUP

Automatic software installation and setup is made by invoking the
SETUP.BAT command, located in the DOS directory of the installation
disk:

SETUP <port> <irq> [<directory>]

SETUP copies all necessary files in the <directory> destination directory
(defaulting to C:\ACAN.) It also creates there a minimal ADTM.INI file
and a START.BAT file that illustrates launching of the ACAN driver for the
specified <port> and <irq> configuration.
SETUP also creates a STOP.BAT command, that can be used to uninstall
both the ACAN and ADTM TSRs.

MANUAL SETUP

ACAN driver installation requires the presence of ADTM. In its ADTM.INI
configuration file, ADTM must be prepared to handle the INDUCAN104
board hardware interrupt ("Irqs=..." line.) This same interrupt number must
also be given as a parameter of the ACAN command line, along with the
base I/O address of the board.

Here is the ACAN.EXE invocation syntax:

ACAN /P:<port> /I:<interrupt>[*] installation
or

ACAN /U uninstallation

<port> should be given in hexadecimal, while ACAN expects <interrupt>
to be a decimal value.
If the interrupt number is followed by the '*' character, ADTM will be able
to share the corresponding interrupt level with another equipment, provided
this equipment also uses the interrupt sharing services of ADTM.

Specified <port> and <irq> values should match corresponding
jumpers settings on the INDUCAN104 board!
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Example
Installation of the driver for a INDUCAN104 board located at I/O address
280h and using the interrupt 5 IRQ line can be made by launching this
couple of TSR programs:

C:\>ADTM
C:\>ACAN /P:280 /I:5

We suppose that ADTM.INI contains (among others) the lines:

IrqRoutines=1 ; at least!
Irqs=5 ; INDUCAN104 board IRQ line

Through the /U option, the ACAN driver can be uninstalled. This frees the
resources used by ADTM as well as the memory allocated by MS-DOS for
the driver.

UTILITIES

CANTERM

The CANTERM.EXE utility program is a simple but efficient terminal
emulation for computers running MS-DOS and connected to a CAN bus
through a INDUCAN104 board.
In its basic operating mode, CANTERM displays on the screen the char-
acters that it receives from the CAN bus and sends on this same CAN bus
the characters entered at the keyboard.
Although not really useful in a world where true computer terminals are not
yet connected to CAN busses, CANTERM proved to be a very suitable
testing tool to detect bus wiring problems and controller configuration issues
in a CAN-based application.
Its invocation syntax is:

CANTERM [options] <local MID> <remote MID>

The <local MID> and <remote MID> values are expected to lay between 0
and 7 and must be supplied. They correspond respectively to the numbers of
the machines where CANTERM and its interlocutor runs. For this ap-
plication, machine numbers uniquely identify the machines involved in the
CANTERM application on the CAN bus. Several machines (at least 2) are
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necessary to setup a valuable communication on the bus. If only one ma-
chine is present, it is likely that each attempt to send a message on the bus
will trigger an error!
If the local machine ID (<local MID>) is 0, CANTERM will use current
machine number instead, provided that it exists ant that its format is com-
patible with the one used by CANTERM.
If the remote machine ID (<remote MID>) is 0, sent messages will be
received by (broadcast to) all other machines running CANTERM on the
bus.

CANTERM options are:
/C:<clock> CAN controller clock (KHz)
/R:<rate> CAN bus bit rate (Kbps)
/I force hardware initialization
/E echo mode
/L loop mode

<clock> can be used to override the default 16000 KHz clocking rate of the
on-board CAN controller. This clocking is currently hard-wired on the
INDUCAN104 board and this option has only been provided to accommo-
date to future evolutions.

<rate> sets the bit rate frequency of the CAN bus for a given application.
This rate should be identical for all the systems connected to the bus (e.g.
two PCs equipped with INDUCAN104 boards and running CANTERM.)
Default value for <rate> is 250 Kbits per second (250 Kbps).

Option /I enforces CAN controller initialization with specified <clock> and
<rate> values. If omitted and the CAN controller is already initialized,
CANTERM will skip this initialization.

The /E option enables local echo: characters entered at the keyboard are
then displayed locally as they are sent to the remote machine.

The /L option puts CANTERM in the loop mode. In this mode, messages
received from the CAN bus are sent back to the remote machine (<remote
MID>), which is usually the one that sent them.

Operation
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CANTERM operation is straightforward: once the program launched, you
just have to strike on the keyboard to send messages on the bus. Striking
CTRL-C ends-up the program.
With this type of utilization and unless both your keyboard and your typing
speed are really extraordinary, there are very few chances that sent messages
hold more than one character...
Nevertheless, CANTERM being a testing program before everything, a few
key combinations have special meanings:

- CTRL-U triggers the sending of the 16 characters sequence
‘0123456789ABCDEF’. Most probably, this small burst will be
padded in two 8-bytes CAN messages.

- CTRL-T triggers a more consequent burst, where the 344 charac-
ters of the following pattern are sent on the bus :

______ ______ ______ ______ ______

|\ /| |\ /| |\ /| |\ /| |\ /|

| \ / | | \ / | | \ / | | \ / | | \ / |

| \/ | | \/ | | \/ | | \/ | | \/ |

| /\ | | /\ | | /\ | | /\ | | /\ |

| / \ | | / \ | | / \ | | / \ | | / \ |

|/____\| |/____\| |/____\| |/____\| |/____\|

Windows 3.1x

DRIVER

The VACAND.386 file contains the code for the Virtual Device Driver
(VxD) of the INDUCAN104 board. For utilities and applications to work,
the ACAN.DLL file (Dynamic Link Library) must also be present on the
system.

AUTOMATIC SETUP

Automatic software setup is performed by running the SETUP.EXE utility
located in the DRIVERS\WIN3 directory of the installation disk:

SETUP
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SETUP prompts the user for an installation path and for a INDUCAN104
board configuration (I/O base address and IRQ line).
If everything runs smoothly, the board can be used on next Windows start.

MANUAL SETUP

Manual software setup involves:

1. Copying the VACAND.386 and ACAN.DLL files to the Windows
system directory (usually, C:\WINDOWS\SYSTEM.)

2. Adding the line :

device=vacand.386
to the [386Enh] section of the SYSTEM.INI file (usually located
in the C:\WINDOWS directory) and adding the following section
to this same file:

[ACAN]
Base=<port>
Irq=<irq>

Where <port> is the base I/O address of the board and <irq> is the
number of the interrupt line used by the board.

Specified <port> and <irq> values should match corresponding
jumpers settings on the INDUCAN104 board!

3. Copying the WCT.EXE and CANSPY.EXE files to a suitable di-
rectory (for instance, C:\ACAN\WIN3.)

4. If some comfort is wished, creating a dedicated program group for
the WCT.EXE and CANSPY.EXE utilities will help....

5. Restarting Windows.

UTILITIES

Windows CAN Terminal (WCT)

The WCT.EXE utility is the Windows 3.1 equivalent of CANTERM.EXE,
described in the MS-DOS section of this manual.
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WCT uses an ".INI" file for its configuration needs. The WCT.INI file is
located in the same directory as the executable file. Its contents are:

[WCT]
Clock=<clock>
Rate=<rate>
Local=<local MID>
Target=<remote MID>
Echo=0|1
Loop=0|1

The Clock and Rate parameters of WCT.INI can be overridden by invoking
WCT.EXE with the following syntax:

WCT /C:<clock> /R:<rate>

The Options/CAN menu can be used to modify the configuration while
running WCT. Changes take place immediately.

The main difference between WCT and CANTERM is that WCT always
forces a complete initialization of the CAN controller. As for "CANTERM
/I", <clock> and <rate> are forced, but WCT also sets the <local MID>
value: if another applications using the same CAN addressing scheme is to
run on the same machine, this feature has to be taken into account. For this
same reason, the local machine number (<local MID>) cannot be 0. This is
not a big issue as reactivity to CANTERM/WCT messages destined to
machine number 0 (broadcast messages) is always ensured.

Operation

WCT operation is straightforward: once the program launched, characters
entered at the keyboard are send on the CAN bus and characters received
from the CAN bus are displayed in the program window. The program ends-
up through the File/Quit menu or when its window is closed.

Striking CTRL-U ant CTRL-T yields the same character sequences as for
CANTERM.
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CAN Spy (CANSPY)

The CANSPY.EXE utility is a true CAN bus monitoring tool. CANSPY can
also be used to send user-chosen messages on the bus.

Display
CANSPY displays in its main window a trace for the messages that it can
see on the CAN bus, using a synthetic notation. A typical trace could be:

CAN Spy - Version 1.0
*** (c) Copyright I+ME ACTIA 1998

ACAN.DLL Version 1.0
VACAND Driver Version 1.0
Philips SJA1OOO CAN Controller detected
Hardware was previously initialized
Clock: 16000 KHz, Rate: 250 Kbps
TSEG1 = 11, TSEG2 = 5, SWJ = 3, MSI = 1

10:04:01 - Hardware is initialized
10:04:01 - TRACE IS ON
10:04:17 - 00001001000 - 61 | a
10:04:17 - 00001001000 - 62 | b
10:04:17 - 00001001000 - 63 | c
10:04:18 - 00001001000 - 30 31 32 33 34 35 36 37 | 01234567
10:04:18 - 00001001000 - 38 39 41 42 43 44 45 46 | 89ABCDEF
10:04:37 - 00001001000 - 68 | h
10:04:37 - 00001001000 - 65 | e
10:04:37 - 00001001000 - 6C | l
10:04:37 - 00001001000 - 6C | l
10:04:37 - 00001001000 - 6F | o

Each message is time-stamped. Please note that this time corresponds to the
moment CANSPY retrieves and displays the message, which can be
somehow different from the moment where the message has actually been
sent. However, general chronology of the reception  is respected.

CAN messages identifiers are displayed as binary digits, using 11 bits for
standard messages and 29 bits for extended messages.

The RTR (Remote Transmission Request) bit, if set to 1, is displayed as an
'R' following the identifier bits. If not set, a '-' is displayed.

If relevant, each byte of message data is displayed as two hexadecimal digits
and an ASCII character.
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Control
CANSPY internally buffers the last 800 received messages.
If trace information are to be kept, redirection of the display into a text file
is possible using the File/Redirect to... menu.
Trace can be paused and resumed using Control/Trace.
Control/Clear clears-up the trace.

Message sending
One-shot message sending can be done using Control/Send.
CANSPY manages a list of the ten last send messages. A message can be
selected from this list or manually entered, in which case its contents (ID,
RTR bit, data) specification should use the same notation as for display
(binary digits, 'R', hexadecimal bytes or characters).

Important remark
If other CAN applications must coexist with CANSPY on the same machine,
it is extremely important to launch CANSPY last. Because CANSPY really
needs to catch every message that flows on the CAN bus, it drastically
modifies the hardware message filters of the CAN controller: an application
coming after this modification wouldn't be able to setup its own message
filtering scheme.

Windows 95

DRIVER

The most efficient use of the INDUCAN104 board under Windows 95 is
achieved by installing the VACAND.VXD Virtual Device Driver (VxD).
For 32-bits utilities and applications to run, the ACAN32.DLL Dynamic
Link Library also have to be available, preferentially in the Windows system
directory.
Using VACAND.VXD and ACAN32.DLL provides 32-bits applications
(including the WCT32 and CANSPY32 utilities) with the full power of the
Win32 programming interface. However, 16-bits applications can still run
using ACAN.DLL, as the 16-bits interface of VACAND.386 has been
preserved in VACAND.VXD.
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Please note that using VACAND.386 and its old installation scheme is still
possible under Windows 95.

AUTOMATIC SETUP

Automatic software setup is made by running the SETUP.EXE program
from the Windows 95 installation floppy disk:

SETUP

SETUP prompts the user for the installation path and for the INDUCAN104
board configuration (I/O base address and IRQ line).
If everything runs smoothly, the board can be used on next Windows start.

MANUAL SETUP

Any attempt to manually install the driver under Windows 95 is strongly
discouraged. Such an installation process is too complex to be described in
this manual.

UTILITIES

The WCT32.EXE and CANSPY32.EXE utilities are 32-bits versions of
WCT.EXE and CANSPY.EXE, previously described.
Their functionality are strictly identical.



Doc 08001-1 I+ME ACTIA Page 28

PROGRAMMING

This section describes the interfaces that allows programs to
utilize the INDUCAN104 board through the ACAN family driv-
ers. Focus has been put on the C/C++ language.
The assembly language interface to MS-DOS ACAN driver is
given in Annex A.

GENERALITIES

The CAN according to I+ME ACTIA

For small, vertical applications where the different nodes interacting on a
CAN bus are clearly identified and where the CAN messages that they
exchange are clearly defined, I+ME ACTIA proposes its own addressing
scheme, which is both simple and efficient. A few rules define the way
machines and messages are identified.

Please note that the utilization of the INDUCAN104 board by applications
that conform to established CAN communication standards1 is always
possible, even if I+ME ACTIA does not currently provide the logical
software layers that implement these standards.

Messages identification

The main point in I+ME ACTIA´s addressing scheme is that each node
participating in an application and interacting on a CAN bus is clearly
identified by its own unique number2. Each message thrown on the bus is
either send to one specific node or broadcast to every node on the bus.

                                                          
1 As for instance CANOpen, Device Net, or SDS.
2 This feature is not really revolutionary as it is shared by the above-mentioned standards.
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To achieve this feature, a few bits in the CAN identifier are reserved for the
coding of a Machine ID (MID) that identifies the actual target of the
message.
It is completely up to the application to define the exact position and length
of the MID bits within the CAN identifier. However, it is recommended that
those bits should be placed in such a way as both standard 11 bits identifier
(CAN 2.0a) and extended 29 bits identifiers (CAN 2.0b) should be possible.
CAN identifier values used by ACAN drivers and libraries are padded into
32-bits words:

3 3 2 2 2 2 2 22 2 2 2 1 1 1 11 1 1 1 1 1

Bit position: 1 0 9 8 7 6 5 43 2 1 0 9 8 7 65 4 3 2 1 0 9 87 6 5 4 3 2 1 0

2 2 2 2 22 2 2 2 1 1 1 11 1 1 1 1 1

Extended ID: 8 7 6 5 43 2 1 0 9 8 7 65 4 3 2 1 0 9 87 6 5 4 3 2 1 0

1

Standard ID: 0 9 8 7 65 4 3 2 1 0

ACAN  ID: 0 0 0 a b c d ef g h i j k l mn o p q r s t uv w x y z α β χ

In this example, the MID is coded in bits i, j and k of the ACAN ID (bits
20, 19 and 18 of a 32-bits word). Those bits correspond to the ID2, ID1 and
ID0 bits of 11-bits standard CAN identifiers, or to the ID20, ID19 and ID18
of 29-bits extended CAN identifiers. Please note that on the CAN bus, bits
are sampled in the a, b, c... order (ID10, ID9, ID8... for standard identifiers,
ID28, ID27, ID26... for extended identifiers.) The 3-bits MID used by this
example makes provision for systems using up to 7 nodes numbered from 1
to 7, node address 0 being by definition used for message broadcasting.

Practically, neither the number nor the position of the MID bits within the
message identifier are fixed: the only restriction that brings this kind of
organization is that the address of the target of a message is specified within
the message identifier bits.
As for the MID, the definition of the broadcast machine ID (BID) bits is not
fixed in length and position. Nevertheless, every bit participating in a BID
should be a 0.
Although strongly discouraged, it is possible to define different organiza-
tions for the MID and the BID inside a same system.
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Message filtering

CAN messages filtering mainly takes place at the identifier level.
Messages roughly fall into one of two categories: targeted messages and
broadcast messages.
As much as possible, the CAN controller hardware ensures at least a first
filtering step, by only taking into account those messages whose identifiers
bears either the MID of the local machine or the BID common to all nodes
in the application. The Philips SJA1000 Stand Alone CAN Controller that
equips INDUCAN104 boards features two acceptance masks which allow
such a filtering and thus reduce considerably the number of falses alerts3

that otherwise would happen.
Driver's software completes message filtering.
As for most new generation CAN controllers, message filtering performed
by ACAN drivers uses a pair of logical masks applied to the identifiers of
the messages that are retained by the first (hardware) filters. The first mask
applied to a message is a logical AND that selects the significant bits in its
ID; the result is XORed with the second mask and the message is retained if
the result is 0 (this is equivalent to a comparison with the second mask
value).
Each application interested in some well-defined message ranges registers
the corresponding filter masks with the driver.
In order to avoid accumulating useless messages, the routine that services
the CAN controller interrupt applies the masks of the registered software
filters to newly received messages as soon as possible. Ideally, messages
that are of real interest for applications are copied into application-supplied
buffers during execution of the Interrupt Service Routine4.
The ISR is designed so that a message can be received by more than one
application.

CAN channels

The "CAN channel" concept is another specificity of ACAN software. Using
CAN channel is an option that doesn't impact other operations. CAN
channels can prove to be very effective when software participating in a
                                                          
3 A so-called "false alert" occurs when the controller interrupts the driver for a message that
does not concern any application in the system.
4 Under Windows, this copy can be slightly delayed.
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CAN application have to repeatedly poll or update small, remote state or
control variables to do their jobs.
A CAN channel allows one application running on a given node to modify
or retrieve the value of a variable owned by another application, presumably
running on another node. A CAN channel variable cannot exceed 8 bytes in
length.
An application that registers a channel with the driver specifies a message
filter (generally the filter for a unique message), an address in main memory,
a length and a direction for the channel data transfer. When the driver
receives a message that selected by a channel filter, processing depends on
the specified channel orientation.

When channel data reception is specified, message data are directly copied
by the driver at the specified channel data transfer address. The transfer
length is the minimum of received data and specified channel lengths. No
application intervention is necessary!

ID Data

Origin

Filter:

Driver

Type: 
Direction:
Address:

Data

Application

ID
channel
reception
application

When channel data emission is specified, the initially received message data
contains the identifier, format and data length of the message used to return
the channel data on the CAN bus. The driver automatically sends this
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message, filled with the application data, without any application dis-
turbance.
It can be interesting to note that channel data are not necessarily returned to
the node that originated the channel transfer request.
One can also note that the destination ID can be the one of another channel,
oriented to receive data.

ID

Origin

Filter:

Driver

Type: 
Direction:
Address:

Data

Destination

ID
channel
emission
application Data

Application

 Dest. ID

 Dest. ID

Because the CAN bus and the ACAN drivers work in the background
without disturbing the applications in any way, the main CAN channel's
interest is performance. CAN channels are also simple to operate and do not
require sophisticated multitasking programming. The only drawback is that
the kind of data transfer performed by the driver can be dangerous if an
irrelevant address is specified.

General operation of drivers and applications

The general operating scheme of ACAN drivers and applications can be
summarized as follows:

•  The driver retrieves the physical parameters of the CAN controller
(base I/O address and IRQ number) as appropriate (command line
parameters, INI file, Plug-and-Play, etc.)
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•  The driver detects the presence of the CAN controller; installation is
denied if no CAN controller is present.

•  The driver puts the CAN controller in a state where it is disconnected
from the CAN bus (Bus Off).

•  The driver takes the control of the CAN controller interrupt.
•  The application checks driver's availability.
•  The application queries the driver about the state of hardware ini-

tializations. If the hardware has not yet been initialized or if these
initializations are not suitable for the application, a new initialization
takes place. Hardware initialization uses various parameters passed
by the application, such as clock rate, bus speed, CAN bit sampling
parameters, CAN bus physical interfacing, MID and BID values used
to feed hardware acceptance masks, etc.

•  The application registers with the driver the "special conditions"
(errors, exceptional events, etc.) for which notification will take
place, as well as the masks used to filter messages that are relevant to
it. Processing of such messages by the driver can involve CAN
channel data copy and/or notification to the application. The exact
notification scheme is system-dependant but always implies some
asynchronies (signaling of an event or sending of a message to an
application).

•  After registering, the application usually asks the driver to put the
CAN controller in the Bus On state. The driver is then able to interact
with the CAN bus, i.e. to send or receive CAN messages and to be
aware of special CAN bus conditions.

•  Occurrence of a given special condition is notified by the driver to
the applications that registered for it.

•  Messages reception by an application involves two steps: first the
application is notified of the availability of newly received messages,
then the application deliberately retrieves those signaled outstanding
messages using driver services.

•  Message sending is more straightforward: the message is directly
passed to the driver, which send it on the CAN bus as soon as possi-
ble. If the CAN bus is busy, the message is placed in a waiting queue
according to its priority. Messages sent with priority 0 (the highest)
are looped-back by the driver, which both sends them on the bus and
simulates their local receptions.
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This operating scheme has been designed to be generic for all systems. It
actually proved to be quite efficient for the systems where it has been im-
plemented today!

As a matter of fact, "genericity" has been enforced in such a way that the
ACAN Application Programming Interface is almost identical for all sys-
tems, where a unique definition file (ACAN.H) is used.

DATA STRUCTURES

The ACAN API make use of a few essential data structures which, excepted
for a few slight variations, are identical in contents and size for all the
systems.

Hardware configuration

This structure is used to setup or retrieve the CAN controller configuration
(see ACAN_SetHardConfig and ACAN_GetHardConfig, later in this
section).

typedef struct tACANHI {
DWORD hi_miv; /* machine ID value */

DWORD hi_mim; /* machine ID mask (1 = significant) */

DWORD hi_biv; /* broadcast ID value (should be all 0's) */

DWORD hi_bim; /* broadcast ID mask (1 = significant) */

WORD hi_clk; /* basic controller clock rate (KHz) */

WORD hi_rat; /* CAN bus speed (Kbits/s) */

BYTE hi_ts1; /* TSEG1 (bit clock quanta) */

BYTE hi_ts2; /* TSEG2 (bit clock quanta) */

BYTE hi_sjw; /* sync. jump width (bit clock quanta) */

BYTE hi_msi; /* multiple samples indicator */

BYTE hi_hsb[8]; /* more, depending upon the controller type */

} ACANHI, *PACANHI;

/* For Stand-alone CAN Controller (CANC_SJA1000): */

#define hi_ocr hi_hsb[0] /* Output Control Reg. value */

#define hi_ien hi_hsb[1] /* Interrupt Enable Reg. value (if != 0) */

The CAN standard defines the elementary CAN data bit as being the sum of
identical time quanta. This arbitrary decomposition is used to define the
significant instants of the bit life:
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CAN

CAN bit Sync.
Seg.

TSEG1 TSEG2

tSYNCSEG tSEG1 tSEG2

nominal bit time

Sample Point(s)

Except for its birth and death, the most concretely useful instant in the CAN
bit life is the moment where its recessive or dominant nature is sampled by
the controller. The CAN standard (and the common sense too!) recommends
a sampling point located at about 2/3 of total bit duration, that is at a mo-
ment where the bit is stable and where it is unlikely that it is terminated.
The possibility of multiple samples still enforces the overall reliability of the
CAN transmission. Multiple sampling is recommended for low speed busses
(class A and B) operating in  perturbed environments. It is not rec-
ommended for high speed busses (class C).
To handle the probable clock disparities of the different nodes on a CAN
bus, most new generation CAN controllers allows a certain amount of jitter
between the theoretical start of the CAN bit and reality. The Synchroniza-
tion Jump Width specifies the maximum number of time quanta when the
controller will gracefully accept to see a changing in the value of a CAN bit
after its theoretical start. The CAN controllers also use these value changes
to resynchronize with the true bus activity.

The CAN bus operating speed determines the CAN bit duration. It is how-
ever possible to programmatically change the number of quanta in a bit, fix
the sampling point or set the synchronization jump width.
For programming issues, we shall suppose that the CAN controller is
clocked by an external fixed rate oscillator: the CAN bit duration results
from the division of this basic clock by a programmable value, build from
the ACANHI structure fields.
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Philips SJA1000 CAN controller makes provisions for the programming of
its CAN input/output pins (noted RX0, RX1 and TX0, TX1.) On the
INDUCAN104 board, only the RX0 input is used, and the ACAN drivers
program the CAN controller registers accordingly. Programming the Output
Control Register (OCR) value depends on the type of line drivers5

connected to the TX0 and TX1 pins. In the basic version of INDUCAN104
board, it is recommended to program OCR with the 01101010b (0x6A)
value, passed in the hi_ocr (alias for hi_hsb[0]) field of the ACANHI
structure. This is suitable for a normal6 operating mode of the TX0 and TX1
outputs, quickly relayed by a 82C251 type Pull-Down driver. Using such a
line driver, dominant bit level is 0 volt and recessive bit is 5 volts.

When SJA1000 controller is used, the hi_ien (alias for hi_hsb[1]) field of
the ACANHI structure, if not 0, is used to program the Interrupt Enable
Register:

Bit Symbol Interrupt Interrupt when...
7 BEIE Bus Error Bus Error detected.
6 ALIE Arbitration Lost CAN bus arbitration lost (emission

failed).
5 EPIE Error Passive Transition between the Error Passive

and Error Active7 states.
4 WUIE Wake Up Controller wake-up8.
3 DOIE Data Overrun Lost received messages, missing con-

troller internal buffers.
2 EIE Error Warning At least one of the error counter of the

controller reached the standard limit of
96. The controller may have gone Bus
Off9.

1 TIE Transmit The controller is ready to transmit.
0 RIE Receive At least one message has been received.

These bits are active when set.
                                                          
5 This is a hardware bus driver not a software device one!
6 Normal here means that the bit voltage stay constant during bit lifetime.
7 Refer to the CAN standard for more information.
8 Power management is not currently implemented by the ACAN drivers.
9 Refer to the CAN standard for more information.
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If hi_ien is 0, IER is programmed with the default value 10101101b, that
enables the Bus Error, Error Passive, Data Overrun, Error Warning and
Receive interrupts of the SJA1000.

Fields hi_miv, hi_mim, hi_biv and hi_bim of the ACANHI structure are
used to set the logical machine and broadcast ID (MID and BID) numbers,
as well as the corresponding hardware filters. In their ACAN usage,
SJA1000 filters are organized in such a way that only the most significant 16
bits of message identifiers are used (the abcdefghijklmnop bits in the
ACAN notation.) When an extended (29 bits) message is received, ID28 to
ID13 bits are thus filtered. For a standard (11 bits) message, filtering ope-
rates on the totality of the identifier (abcdefghijk for ID10..ID0 bits) but
also on the Remote Transmission Request bit (l for RTR.) If the mnop bits
are significant, filtering of standard messages also operates on the first
message data byte in quite a peculiar way: mnop bits of hi_mim and hi_miv
for the high nibble, and mnop bits of hi_bim and hi_biv for the low nibble!
Bits set to 1 in hi_mim and hi_bim determine which message identifier bits
will be compared to equivalent bits in hi_miv and hi_biv to satisfy the first
level of (hardware) filtering.
It is allowed to give different structures to hi_mim and hi_bim, or to give a
non-zero value to hi_biv. It should nevertheless not happen in applications
that respect the general ACAN addressing scheme.

Drivers use the ACANHI structure to feed-up the registers of the Philips
SJA1000 CAN controller that equips INDUCAN104 boards (please refer to
the documentation of this chip for more explanations):

Register Programming values Bounds Comments
TSEG1 hi_ts1 - 2 0..15 hi_ts1 = tSYNC +

tTSEG1
TSEG2 hi_ts2 - 1 0..7 hi_ts2 = tSEG2
SJW hi_sjw - 1 0..3 forced between bounds
SAM hi_msi > 1 0..1
BRP hi_clk / (hi_rat * 2 *

(hi_ts1 + hi_ts2)) - 1

0..63 hi_ts1 + hi_ts2 = quanta
per CAN bit

ACR0 hi_miv >> 13 - abcdefgh
ACR1 hi_miv >> 5 - ijklmnop
ACR2 0
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ACR3 0

AMR0 hi_mim >> 13 - abcdefgh
AMR1 hi_mim >> 5 - ijklmnop
AMR2 hi_bim >> 13 - abcdefgh
AMR3 hi_bim >> 5 - ijklmnop
OCR hi_hsb[0] (0x6A) Output Control Register
IER hi_hsb[1] Interrupt Enable Register

if not 0

Following checks are performed:
hi_ts1 ∈  [2..17] TSEG1 ∈  [0..15]
hi_ts2 ∈  [1..8] TSEG2 ∈  [0..7]
hi_rat != 0 avoid division by 0
hi_clk >= hi_rat * 2 * (hi_ts1 + hi_ts2) BRP >= 0
BRP <= 63
SJW is forced between [0..3] bounds

ACAN messages

This structure defines the organization of the CAN messages as exchanged
between drivers and applications.

typedef struct tACANMB {

DWORD dwId; /* message ID */

BYTE bFormat; /* Frame Format (EF RTR 0 0 0 0 0 0) */

BYTE bLength; /* message data length (0..8) */

BYTE bData[8]; /* message data buffer */

} ACANMB, *PACANMB;

#define ACANMBSZ sizeof(ACANMB)

/* bFormat bits */

#define FF_EXTENDED 0x80 /* Extended Frame */

#define FF_RTR 0x40 /* Remote Transfer Request */

Field names and associated comments are quite explicit.
The message identifier (dwID) respects the previously defined organization
for ACAN identifiers:

ACAN ID: 0 0 0 a b c d ef g h i j k l mn o p q r s t uv w x y z α β χ
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The drivers clears the non-significant bits (lmnopqrstuvwxyzααααββββχχχχ) of
received standard messages. When sending messages, applications should
also clear them.
Unused bits of the bFormat field should also be passed as 0.

Message filters

This structure defines the organization of the CAN messages filters that are
registered by applications following the ACANTB structure, described
further.

typedef struct tACANID {

DWORD dwAnd; /* filtering AND mask */

DWORD dwXor; /* filtering XOR mask */

BYTE bAction; /* actions to be taken by the driver */

BYTE bLength; /* channel transfer length */

BYTE bReserved[2]; /* reserved */

LPBYTE lpAddress; /* channel transfer address */

} ACANID, *PACANID;

#define ACANIDSZ sizeof(ACANID)

/* bAction values: "what is the driver supposed to do when it receives

* a message that can be filtered by dwAnd and dwXor?" */

#define IDA_NOTIFY 0x80 /* notification */

#define IDA_QUEUEMSG 0x40 /* buffering */

#define IDA_CHANRCV 0x20 /* channel data reception */

#define IDA_CHANSND 0x10 /* channel data emission */

As for hardware filter masks, bits set to 1 in dwAnd determine which mes-
sage identifier bits are compared with equivalent bits of dwXor. Equality (0
result) means "interesting message".

Here are a few filter examples:

Filtering dwAnd dwXor

Any message 0x00000000 0x00000000

One message, with identifier <ID> 0x1FFFFFFF <ID>

Any message with 0x01C0XXXX pattern 0x1FFF0000 0x01C00000

When a message is retained by the filter, bAction indicates to the driver
what kind of processing have to be done.
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The notification of reception (IDA_NOTIFY) is probably the most impor-
tant action. It will be described further.
If the IDA_QUEUEMSG is set, each retained message will be buffered in
the FIFO described by the registered ACANTB structure (described fur-
ther).
If any of the IDA_CHANRCV or IDA_CHANSND bit is set, the ACANID
structure defines a CAN channel, set for reception (IDA_CHANRCV) or
emission (IDA_CHANSND.) The lpAddress and bLength fields are then
significant and give the memory address and length where data are to be
transferred to/from.
Please note that all the combinations where IDA_CHANRCV and
IDA_CHANSND are not both set are allowed.

Task block

The ACANTB structure is essential for the communication between appli-
cations and ACAN drivers. The mechanisms involved in the notification of
CAN events to applications strongly depend on the contents of this struc-
ture.
An application which needs to catch certain messages and be notified when
special CAN bus conditions occur must register at least one ACANTB
structure with the driver, using the ACAN_Register API described further
in this document. In this structure, the application indicates what events are
relevant to it, what are the messages of interest, where to store them, what
type of notification should be used, etc.

typedef struct tACANTB {

DWORD dwReserved0; /*D next ACANTB in driver list */

/* Notification */

#if defined(_DOS)

WORD wTid; /*I ADTM TID */

WORD wEvent; /*I ADTM event code */

#elif defined(WIN16)

HWND hWnd; /*I Win16 window handle */

UINT nMsg; /*I Win16 message ID */

#else /* assume WIN32 */

HANDLE hEvent; /*I Win32 event handle */

#endif

ACANCBFN cbNotification; /*I callback routine */

DWORD dwRefData; /*I associated data */

BYTE bNotType; /*I notification type */
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BYTE bSCFilter; /*I special conditions filter */

WORD wStatus; /*R pending events and Special Cond. */

BYTE bREC; /*R Receive Error Counter (CANC) */

BYTE bTEC; /*R Transmit Error Counter (CANC) */

BYTE bALC; /*R Arbitration Lost Capture (SJA1000) */

BYTE bECC; /*R Error Code Capture (SJA1000) */

/* Messages */

LPVOID lpRMB; /*I received messages FIFO address */

WORD wRMBSize; /*I FIFO size, in messages */

WORD wRMBOccupation; /*R currently buffered messages */

WORD wRIndex; /*D/R FIFO read index */

WORD wWIndex; /*D/R FIFO write index */

LPVOID lpBuf; /*I user message buffer */

WORD wCount; /*I user message buffer size */

/* Filters and miscellaneous */

BYTE bNId; /*I # ACANID that follow */

BYTE bReserved0; /*D reserved for driver use */

DWORD dwReserved1; /*D reserved for driver use */

DWORD dwReserved2; /*D used by the driver */

DWORD dwReserved3; /*D used by the driver */

DWORD dwFree; /*A free for application use */

DWORD dwReserved4; /*L used by the library */

/* ACANID idTable[0]; */ /*I table of ID filters */

} ACANTB, *PACANTB;

#define ACANTBSZ sizeof(ACANTB)/* without following ACANID */

Fields marked with a 'D' are reserved by the drivers.
Fields marked with an 'L' are reserved by the libraries.
Fields marked with an 'A' can be used by applications.
Fields marked with an 'I' have to be initialized by applications before reg-
istering the structure with the driver (see further).
Fields marked with an 'R' are updated by the drivers, for the benefits of
applications.

The ACANTB structure is immediately followed by as many ACANID as
noted in the bNId field. The memory block made up by an ACANTB and its
associated ACANID structures is what we shall call a Task Block.
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Notification
The only variable part of the Task Block is related to the event notification
mechanism in use for this Task Block, varying according to the underlying
operating system.
Three types of notification mechanisms are used, coded into the bNotType
field of the ACANTB structure:

/* Notification types (bNotType) */

#define TBNT_EVENT 0 /* event notification (ADTM, Win32) */

/* ADTM_notify_event(wTid, wEvent); */

/* SetEvent(hEvent); */

#define TBNT_CALLBACK 1 /* callback (16-bits Windows) */

/* cbNotification(dwRefData); */

#define TBNT_POSTMESSAGE 2 /* PostMessage (16-bits Windows)*/

/* cbNotification(hWnd, nMsg, wStatus, dwRefData) */

Event notification (bNotType = TBNT_EVENT) is probably the most effi-
cient one. It can be used with MS-DOS (using ADTM multitasking monitor)
and with Win32-based operating systems (i.e. Windows 95/98, Windows
NT, Windows CE).
With MS-DOS / ADTM, applications must update the wTid and wEvent
fields of each registered structure. The wTid field have to be a valid ADTM
task identifier as returned by an ADTM_start_task or ADTM_get_tid call;
wEvent must be a valid ADTM event mask. Please refer to the ADTM
documentation for more information.
Under Win32 operating systems, ACAN32.DLL allocates a Win32 event
(hEvent) and starts a service thread for this event, on behalf of the user
application. Applications must supply in the cbNotification field of their
Task Blocks the address of a CALLBACK type routine, called by the thread
upon signaling of hEvent.

Event notification does not exists under 16-bits Windows. Here, the basic
mechanism used to tell an application that a hardware event occurred in-
volves execution by the VxD of a user-supplied CALLBACK routine. If
using such a mechanism is planned, an application must set bNotType to
TBNT_CALLBACK, cbNotification to the address of its own CALLBACK
routine, and dwRefData with any value useful to retrieve a context at call-
back time. The cbNotification routine must imperatively stay in FIXED
memory. Moreover, the programmer must know that he is not allowed to do
much more than calling PostMessage when executing its callback routine....
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To make the notification task under 16-bits Windows simpler, there is an
alternate method in which the driver directly calls PostMessage when a
CAN event occurs, passing programmer-chosen parameters to the function.
To use this preferred mechanism, the application must set bNotType to
TBNT_POSTMESSAGE, cbNotification to the address of the PostMessage
standard Window API, and supply in hWnd the handle of the Window that
will process the nMsg message. When the hWnd Window Procedure is
called for this message, the wParam parameter holds the value of wStatus at
the instant the VxD called cbNotification and the lParam is set to
dwRefData, which is generally a pointer to the Task Block.

When notification takes place, the application must acknowledge every
event that may happened between the time the driver triggered the notifi-
cation mechanism and the application actually takes the event into account.
This must be done using one of the ACAN_AckEvent or
ACAN_AckEventCheck library function, which returns the contents of the
wStatus field of the Task Block while resetting it to 0.

/* Event status (LOBYTE(wStatus)) */

#define TBS_SC 0x01 /* a special condition occurred */

#define TBS_MB 0x02 /* message(s) has(have) been buffered */

#define TBS_OVERFLOW 0x04 /* message(s) has(have) been discarded */

Resetting wStatus to 0 "frees-up" the driver, which is then allowed to notify
new events for this Task Block. To use efficiently this mechanism, the
application must absolutely consume all events pending on the Task Block
by looping until ACAN_AckEvent returns 0. If such a scheme is not used,
the application must not take offence of false notifications (i.e. with no
active event), corresponding to events that occurred while previous events
where being processed.
The low byte bits of wStatus indicate what type of event the application
must process:

- TBS_SC is set if at least one special condition filtered by bSCFilter
occurred. The high byte bits of wStatus then indicate which
cumulated special CAN conditions occurred.

/* Special condition bits (bSCFilter and HIBYTE(wStatus)) */

#define SC_BUSERR 0x0080 /* A Bus Error condition occurred */

#define SC_ARBLOST 0x0040 /* Arbitration Lost condition occurred */
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#define SC_ERRPAS 0x0020 /* Error Passive state reached */

#define SC_WAKEUP 0x0010 /* chip has been woke-up */

#define SC_OVERRUN 0x0008 /* controller buffers overrun */

#define SC_NOBUFF 0x0004 /* internal buffers are missing */

#define SC_ERRLIM 0x0002 /* first warning before Bus Off */

#define SC_BUSOFF 0x0001 /* Bus Off state reached */

Each time a new special condition occurs, the driver reads the value
of the CAN controller error counters. At notification time, the most
recent values of these counters are copied into the bREC and bTEC
fields of the Task Block. Doing this, the application is always
guaranteed to have the freshest possible value of these counters
when it acknowledges the event. Error counters are specially
significant in case of SC_BUSERR, SC_ERRPAS, SC_ERRLIM
or SC_BUSOFF error.
The bALC and bECC fields are specific of the CAN controller
used. For the SJA1000, bALC is a code indicating at which exact
CAN bit position arbitration for the CAN bus has been lost, and
bECC is a code specific of the type of the last occurred Bus Error.
If SC_ARBLOST or SC_BUSERR are not set, the values of these
fields are not significant.
In the current state of the drivers, the SC_WAKEUP condition
should never happen.
The SC_OVERRUN error condition can be considered as serious
and should not happen under normal conditions. It probably results
from a hanged system that prevents the driver from processing the
interruptions of the CAN controller in a reasonable time. This error
must not be confused with the TBS_OVERFLOW condition,
described further.
The SC_NOBUFF error does not concern MS-DOS drivers. Under
Windows, it is the expression of a lack of internal resources
(message buffers), detected during the processing of received mes-
sages. Paradoxically, this resource can be exhausted by an exces-
sive number of messages waiting to be send on the bus.

Most special conditions have no real impact on the functioning of
applications. When the CAN controller goes Bus Off however, no
CAN activity can take place anymore. An application will then be
able to force a CAN controller re-initialization by explicitly going
Bus On again, by calling ACAN_BusControl.
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One must also know that the driver aborts the transmission of
messages which yielded transmission bus errors : doing so prevents
the accumulation of bus errors up to the point where the controller
disconnects from the bus, when transmission can't obviously be
done (most presumably because of a bad bus wiring or controller
configuration).

- TBS_MB is set when at least one message has been retained by the
ACANID filters of the Task Block and copied into the FIFO buffer
described by lpRMB and wRMBSize. These fields give respectively
the address and size (in ACANMB structures) of the intermediate
buffer for received messages. It is actually a circular FIFO buffer
filled-in by the driver at interrupt time and voided by the
application at notification time via ACAN_RetrieveMessages.
Under 16-bits Windows, it is mandatory that memory pointed by
lpRMB be FIXED (i.e. non-swappable and non-movable.) With
ACAN_AllocFixedMemory and ACAN_FreeFixedMemory,  the
ACAN.DLL library provides applications with suitable memory
allocation primitives for this purpose.

- The driver sets TBS_OVERFLOW when a message is correctly
received but can't be stored in a saturated application buffer. An
application that is notified too frequently for this type of condition
should seriously think to increase the size of its intermediate buffer
(wRMBSize) or, if possible, to significantly slow-down the
frequency of messages that it will have to process.

Sources for the CANTERM.EXE, WCT.EXE and WCT32.EXE test utilities
perfectly illustrate the above-mentioned mechanisms.

The lpBuf and wCount fields of the Task Block are used when
ACAN_RetrieveMessages is called. As for the lpRMB and wRMBSize
fields, they give the address and size (in number of ACANMB structures) of
a user-supplied buffer. Messages retrieved by ACAN_RetrieveMessages
are stored starting at lpBuf, for up to wCount messages.
The buffer pointed to by lpBuf is not required to be located in FIXED
memory. The value of lpBuf or wCount can even change between two call to
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ACAN_RetrieveMessages. Experience shows however that it is both easy
and efficient to setup a buffer once-for-all and to use it many times after.

The dwFree field is free for use by the application.

PROGRAMMING INTERFACE

The ACAN API uses the following definitions:

BYTE 8 bits word
WORD 16 bits word
DWORD 32 bits word
UINT unsigned integer (16 or 32 bits)
PXXX pointer (using the current programming model) to an

XXX type element
FPXXX FAR pointer (segment:offset) to an XXX type element
LPXXX long (32 bits) or FAR (segment:offset) pointer (accor-

ding to the environment) to an XXX type element
ACANAPI ACAN API calling convention, depending on the ope-

rating system
CALLBACK callback routine calling convention; usually equivalent

to pascal

ACAN_Init
Library initialization and version number retrieval.
Interface:

WORD ACANAPI ACAN_Init(void);
Return:

0xMMmm (MM = major, mm = minor)
Remark:

If 0xMMmm is 0 (version 0.0), the driver is not operational.

Any application that uses an ACAN library must call ACAN_Init before
any other ACAN function.

ACAN_GetDriverVersion
Driver version number retrieval.
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Interface:
WORD ACANAPI ACAN_GetDriverVersion(void);

Return:
0xMMmm (MM = major, mm = minor)

Remark:
If 0xMMmm is 0 (version 0.0), the driver is not operational.

Any application that uses an ACAN library should call
ACAN_GetDriverVersion and check that the driver is operational before
entering any ACAN-related activity.

ACAN_GetInitStatus
Retrieve the type and initialization state of the CAN controller.
Interface:

WORD ACANAPI ACAN_ GetInitStatus(void);
Return:

0xSSTT :
SS = hardware initialization state

0 = hardware uninitialized
X = hardware initialized

TT = CAN controller type
0 = INDUCAN104 board (SJA1000)

In their current state, the test utilities only support the INDUCAN104 board
and its Philips SJA1000 CAN controller (TT = 0). Applications can make
sure that TT is 0 (CANC_SJA1000) and fail if they don't feel able to go on
with an unknown controller.

ACAN_SetHardConfig
Hardware initialization.
Interface:

BOOL ACANAPI ACAN_SetHardConfig(LPACANHI lpHI);
Entry:

lpHI address of an ACANHI structure that describes ini-
tializations to be done

Return:
TRUE if initialization succeeded, FALSE otherwise
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Remark:
In case of failure, the ACANHI structure contents should thoroughly
be checked: there are 99% chances that an invalid field setting
caused this failure.

In case of success, a few facts are to be taken into account:
- The machine (MID) and broadcast (BID) ID numbers are updated

both physically (at the controller level) and logically (at the driver
level). If previously launched applications are still active when a
new initialization takes place and these values change, their filters
will probably become ineffective and they will no longer be
notified for the reception of new messages.

- The CAN controller is disconnected from the CAN bus (Bus Off): a
call to ACAN_BusControl(BUS_ON) must follow for CAN ac-
tivity to take place.

ACAN_GetHardConfig
Retrieval of hardware configuration.
Interface:

BOOL ACANAPI ACAN_GetHardConfig(LPACANHI lpHI);
Entry:

lpHI address of the ACANHI structure that will be filled
will the current hardware configuration information

Return:
TRUE if the ACANHI structure has been filled, FALSE otherwise

Remark:
The function returns FALSE when the hardware is not initialized.

Retrieval of existing hardware configuration can help applications that must
impose their own configuration parameters to do so as softly as possible. For
instance, an application that must change the machine ID number can do it
without changing the CAN bus speed, as an application that have to adapt
itself to a change of CAN bus speed can preserve existing message filters.

ACAN_ BusControl
Connect to or disconnect the controller from the CAN bus (go Bus On/Off).
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Interface:
typedef enum {

BUS_OFF = 0,
BUS_ON = 1

} BUS_STATE;

WORD ACANAPI ACAN_BusControl(BUS_STATE bsNewState);
Entry:

bsNewState desired state (Bus On/Off)
Return:

0xOONN : OO = previous bus state, NN = new bus state

After ACAN_SetHardConfig, the CAN controller is disconnected from the
bus. This allows applications which have to initialize the hardware to do so
and to register their Task Block without fearing to be disturbed by the
arrival of CAN messages or the occurrence of bus errors.
As a counterpart, any application that calls ACAN_SetHardConfig should
also call ACAN_BusControl(BUS_ON) to resume CAN activity: when the
controller is is the Bus Off state, no other CAN activity is possible on this
node and all the messages that otherwise would have been received by local
applications are irremediably lost.

If too many receive or transmit errors occurs on the CAN bus, the CAN
controller automatically disconnects from the bus, according to the CAN
standard specifications. This condition is notified to applications, that can
take provision for all necessary actions, including going back to the Bus On
state.
To efficiently handle this feature of CAN controllers, the ACAN drivers
behave as follows:

- When switching from the Bus Off to the Bus On state, the CAN
controller's error counter are reset to 0 and any outstanding con-
troller attempt to transmit a message is aborted: the CAN controller
thus reenters a "peaceful" state and become ready to work in the
best possible conditions, provided that the general health state of
the bus is satisfactory...

- Spontaneously, the CAN controller tries to transmit a message
submitted by the driver through all means, retrying until the mes-
sage is effectively transmitted or the error limit indicating that it
should go Bus Off is reached. This will be the case if for instance
no other CAN device is active on the bus, or if the CAN bus speed
is not correctly programmed in the controller. To avoid this accu-
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mulation of errors and this final disconnection, the driver aborts
without mercy the transmission of faulty messages at the very
moment it detects the CAN bus error. The SC_BUSERR condition
is also triggered and signaled to the applications.

ACAN_ Register
Registration of a Task Block with the driver.
Interface:

BOOL ACANAPI ACAN_Register(LPACANTB lpTB);
Entry:

lpTB address of a pre-initialized ACANTB structure
Return:

TRUE if the Task Block has been registered, FALSE otherwise
Remark:

Under normal circumstances, registration failure only occurs when
Task Block fields have not be correctly initialized. Under Windows,
it is also possible that ACAN_Register fails because of an exhaus-
tion of critical system resources (page table entries actually); such
errors are however highly improbable and are an indication of more
severe system troubles.

The Task Block is an ACANTB structure followed by its associated
ACANID and, in most cases, an intermediate buffer for the storage of
received messages. Whatever the operating system may be, the whole Task
Block memory is accessed by the driver during the processing of the CAN
controller interrupt. This imposes a certain "fixity" to the Task Block related
structures that must not move or be swapped out of main memory. The
ACAN_AllocFixedMemory and ACAN_FreeFixedMemory functions
simplify the programmer's task for the allocation and freeing of such FIXED
memory.

The main programmer's task consists in initializing the fields of the
ACANTB and ACANID structures, according to the operating system
running the application.

Under MS-DOS (ACAN.LIB) :

bNotType TBNT_EVENT (0)
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wTid ADTM TID (Task ID) of the task that will handle the
wEvent event

wEvent ADTM code for this event

The main application usually starts via ADTM_start_task a task that
will handle the CAN events signaled by the driver. This task sleeps
while waiting for the wEvent event to be notified
(ADTM_wait_event.) At interrupt time, the driver wakes-up the task
by calling ADTM_notify_event(wTid, wEvent).

Under 16-bits Windows (ACAN.DLL) :

bNotType TBNT_POSTMESSAGE (2)
hWnd Target window handle for PostMessage
nMsg Message code for PostMessage
cbNotification PostMessage address.
dwRefData PostMessage dwParam parameter

This is the preferred event notification scheme. CAN events finally
come to applications as Window messages. Therefore, they are
processed by a Window Procedure in a very natural way for this type
of programming environment.

or:
bNotType TBNT_CALLBACK (1)
cbNotification Notification callback routine address
dwRefData Parameter for the notification callback routine

The driver calls the cbNotification routine (CALLBACK type) with
the dwRefData parameter. This routine can't hardly do much more
than call PostMessage or MessageBeep.

Under 32-bits Windows (ACAN32.DLL) :

cbNotification Notification callback routine address
dwRefData General-purpose parameter

At registration time, the DLL sets bNotType to TBNT_EVENT (0)
and hEvent to the handle of a Win32 event usable by the VxD. When
the driver puts this event in the signaled state, a special thread is
activated and the cbNotification routine is called, with the address of
the Task Block as parameter. The routine is then free to use the
dwRefdata field of the Task Block.
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For all operating systems:

bSCFilter Bit-oriented filter for the Special Conditions for which
the application wants to be notified.

lpRMB Address of the intermediate storage buffer for messa-
ges received  by this Task Block.

wRMBSize Number of messages (ACANMB) this buffer can hold.
bNId Number of ID filters (ACANID) that immediately

follow the ACANTB structure.
dwFree 32 bits for application use.

An application is notified when at least one of the special conditions
registered  in bSCFilter occurs. This shows in the TBS_SC bit of
wStatus, as retrieved by a call to ACAN_AckEvent or ACAN_Ack-
EventCheck. The application must then check the high byte bits of
wStatus to get the exact nature of the conditions that occurred when
and since the event was triggered.
When an application registers filters for messages it is interested in
and bNId is not 0 (there is room in the lpRMB buffer), it is notified
when at least one of these messages is received. This appears in the
TBS_MB bit of wStatus. The application must then retrieve and
process the received messages, using ACAN_RetrieveMessages.

ACAN_AckEvent, ACAN_AckEventCheck
Acknowledges all outstanding events on a Task Block.
Interface:

WORD ACANAPI ACAN_AckEvent(LPACANTB lpTB);
WORD ACANAPI ACAN_AckEventCheck(LPACANTB lpTB);

Entry:
lpTB address of a registered ACANTB structure

Return:
value of wStatus at call time (active events and Special Conditions)

Remark:
The wStatus field of the Task Block is reset to 0 by the call.
ACAN_AckEvent is faster than ACAN_AckEventCheck but does
not check the validity of lpTB.
If lpTB is not valid, ACAN_AckEventCheck returns 0; the effects
of such a call to ACAN_AckEvent are unpredictable...



Doc 08001-1 I+ME ACTIA Page 53

The applications must acknowledge the events that are notified by the driver
for new notifications to take place. The recommended method for ACAN
event processing is:

1. Retrieve all outstanding events by calling either ACAN_AckEvent
or ACAN_AckEventCheck.

 Stop processing if no event is pending.
2. Process application buffers overflow if TBS_OVERFLOW is set.
3. Process special conditions if TBS_SC is set
4. If TBS_MB is set, retrieve all the message received from the CAN

and stored in the intermediate FIFO by calling
ACAN_RetrieveMessages until it returns 0.

5. Go to step 1

ACAN_ Deregister
Deregister a Task Block.
Interface:

BOOL ACANAPI ACAN_Deregister(LPACANTB lpTB);
Entry:

lpTB address of a registered ACANTB structure
Return:

TRUE if lpTB is valid, FALSE otherwise

Any Task Block registered by ACAN_Register must be deregistered using
ACAN_Deregister. Failure to do so will certainly result in a system crash.

ACAN_SendMessage
Send a CAN message.
Interface:

BOOL ACANAPI ACAN_SendMessage(LPACANMB lpMsg,
BYTE bPrio);

Entry:
lpMsg address of the message (ACANMB) to send
bPrio emission priority (0 = high, 255 = low)

Return:
TRUE if the message has been send or queued, FALSE otherwise.
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If possible, the message is immediately transmitted on the bus CAN. If the
controller is busy, the message is copied into an intermediate buffer and
queued in a waiting list according to its priority.
The function returns FALSE only when there is no more buffer available.
The application should then wait for a certain amount of time and retry the
transmission (typically, at least the time necessary to physically send all the
message bits on the bus.) If everything is OK, messages are send by the
driver at a speed close to the theoretical speed of the CAN bus; short delays
due to interrupt processing overhead are therefore likely in case of very
sustained bus activity.
Messages sent with priority 0 benefit from a somehow different processing
by the driver, which both send them normally and simulates their local
reception. This feature can be used by test programs, by applications who
need a true message broadcasting ability (i.e. sending to all the nodes on the
CAN bus, including the node that originates a message), or even as a certain
form of inter-process communication.

ACAN_RetrieveMessages
Retrieval of received messages.
Interface:

int ACANAPI ACAN_RetrieveMessages(LPACANTB lpTB);
Entry:

lpTB address of a registered ACANTB structure
Return:

Number of retrieved messages, or -1 in case of error.
Remark:

The function returns -1 when either lpTB of lpBuf is invalid.

Messages received for a Task Block are stored by the driver in the FIFO
described by lpRMB and wRMBSize. Another buffer must be used by the
application to retrieve the previously buffered messages. Although somehow
cumbersome at the first glance, this mechanism proved to be quite efficient
to solve the mutual exclusion problems that eventually arise when a
privileged interrupt routine must asynchronously share its structures with  a
higher-level application.
This application buffer can be located anywhere in the application's me-
mory. If is described by the lpBuf and wCount fields of the Task Block
ACANTB structure.
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A single call to ACAN_RetrieveMessages can retrieve up to wCount mes-
sages (ACANMB) starting at lpBuf and stored in the chronological order of
their reception.

ACAN_AllocFixedMemory
Fixed memory allocation.
Interface:

LPVOID ACANAPI ACAN_AllocFixedMemory(UINT nBytes);
Entry:

nBytes number of bytes to allocate
Return:

Address of the allocated memory block, NULL in case of failure.

This function hides to the ACAN applications differences in the allocation
strategy used among the different systems.
Under MS-DOS, where memory is very quiet, this function performs a
rather ordinary memory allocation by using the "Allocate Memory" standard
system call (INT 21h, AH = 48h).
Under Windows 3, memory is allocated via GlobalAlloc, using the
GMEM_FIXED flag (GPTR actually).
Under Win32, as the driver performs its own memory locking,
ACAN_AllocFixedMemory allocates the requested amount of memory
through the VirtualAlloc and VirtualLock Win32 APIs.

ACAN_FreeFixedMemory
Free memory allocated by ACAN_AllocFixedMemory.
Interface:

BOOL ACANAPI ACAN_FreeFixedMemory(LPVOID lpAlloc,
UINT nBytes);

Entry:
lpAlloc address of a previously allocated block
nBytes size of this block

Return:
TRUE if OK, FALSE otherwise

Memory allocated via ACAN_AllocFixedMemory must be freed by
ACAN_FreeFixedMemory.
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ACAN_Exit
Clean exit of an ACAN application.
Interface:

void ACANAPI ACAN_Exit(void);

Any application that uses the services of an ACAN library should call this
function before terminating.
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C/C++ LIBRARY

MS-DOS

The native programming interface of the ACAN.EXE driver has been
designed for x86 assembly language written applications. To allow a widest
range of programmers to use it, a C language library is also shipped.
This library consists in a header file and two ".LIB" files, one for each great
family of C programming model. These files can be found in the DEV
directory of the development toolkit disk.

ACAN.H ACAN definitions header
ACANN.LIB library for near C models (Tiny, Small, Compact)
ACANF.LIB library for  far C models (Medium, Large, Huge)

Depending on its needs, an application will use either version of the library.

Windows 3.1x

To simplify the usage of the VACAND.386 virtual device driver by appli-
cations, the dynamic link library ACAN.DLL and its static stub ACAN.LIB
are shipped on the DEV directory of the development toolkit disk. The
ACAN.H header file, common to all systems, can be found in the
DEV\CMN directory of this same disk.

ACAN.H ACAN definitions header
ACAN.DLL dynamic link library for applications interfacing to the

VxD.
ACAN.LIB static link stub to ACAN.DLL

Windows 95

To simplify the usage of the VACAND.VXD virtual device driver by ap-
plications, the dynamic link libraries ACAN.DLL and ACAN32.DLL and
their static stubs ACAN.LIB and ACAN32.LIB are shipped on the DEV
directory of the development toolkit disk. The ACAN.H header file, com-
mon to all systems, can be found in the DEV\CMN directory of this same
disk.
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ACAN.H ACAN definitions header
ACAN.DLL dynamic link library for 16-bits applications interfacing to

the VxD.
ACAN.LIB static link stub to ACAN.DLL
ACAN32.DLL dynamic link library for 32-bits applications interfacing to

the VxD.
ACAN32.LIB static link stub to ACAN32.DLL
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ANNEX A : Assembly Language Programming
Interface

Under MS-DOS, programs and routines written in Intel x86 assembly
language can directly use the services of the ACAN.EXE driver. The
ACAN.INC file shipped with the development toolkit contains all the ne-
cessary definitions for this.

ACAN driver detection

The ACAN driver can be detected through the standard AMIS  (Alternate
Multiplex Interrupt Specification) process, using INT 2Dh and a multiplex
number. Unlike many TSR programs that use INT 2Fh and a fixed multiplex
number in AH, the ACAN driver uses a variable number that can be
determined using the following algorithm:

AH = 00
if INT 2Dh vector (DWORD at 0000:00B4) is not NULL
{

do {
AL = 00
Call INT 2D
if AL = FF

if the 16-bytes string at DX:BX is "Aton SysACAN "
break: AH = ACAN multiplex number

AH++
} while AH ! = 0

}
if AH == 0

the ACAN driver is not installed
else

AH is the ACAN driver's multiplex number

If a valid multiplex number has been found, the following functions can be
accessed through INT 2Dh:
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INT 2D, AH = multiplex, AL = 00 - Check presence (used previously)
Return:

AL = FF
CX = 0100 (version 1, revision 0)
DX:BX-> db "Aton Sys" ; vendor (8 chars)

db "ACAN " ; product (8 chars)
db "ATON Controller Area Network Driver"

; description (ASCIIZ)
db 0

INT 2D, AH = multiplex, AL = 01 - Get entry point
Return:

AL = FF
DX:BX = ACAN driver entry point

INT 2D, AH = multiplex, AL = 02 - Uninstall
Return:

AL = 01 if the driver cannot be uninstalled
AL = 04 if the driver has been deactivated
BX = segment address of the memory block to free

INT 2D, AH = multiplex, AL = 04 - Get trapped interrupts list
Return:

AL = 04
DX:BX-> db interrupt number

dw entry point offset  (segment = DX)
...
db 2D

Function AL = 1 must be called to retrieve a pointer to the ACAN driver
entry point.
Interrupt 2Dh is only used to detect the presence of the driver and to get its
entry point. It does not give access to its services.

Access to driver services

The pointer returned by INT 2Dh, AL = 1, AH = ACAN multiplex has to be
saved in a static variable. Calling a driver service involves loading all
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necessary registers with the parameters of the call and issuing a far call
(CALLF) to the saved entry point address. Values are returned in AX and
DX registers. BX, DI, SI, BP, SP, DS and SS registers are preserved.

A code for the service is always passed in AL. As a general rule, pointers to
structures are passed in ES:BX and errors are signaled by the return of 0
(FALSE) in AX.

The his, tbs and ambs data structures are the assembly language respective
equivalents of the ACANHI, ACANTB and ACANMB C structures.

ACAN.EXE services are directly used by the ACANN.LIB and
ACANF.LIB libraries, whose C programming interface has already been
described. Most services have a direct correspondence with equivalent
ACAN_Xxx functions in ACANX.LIB.

# ACAN_GET_VERSION, ACAN_GET_VERSION_1 (retrieve driver
version number)

Entry: AL = 0 or 9

Return: AH = major version number
AL = minor version number
DL = controller type (CANC_SJA1000)
DH = hardware initialization state

 (0 = virgin, 1 = initialized)

The need for two codes for the same service came from a nasty feature of
Windows 95, which denies to applications the right to call a VxD with
IOControl code 0.
The ACAN_GetDriverVersion and ACAN_GetInitStatus library func-
tions use the ACAN_GET_VERSION_1 service.

# ACAN_HARD_CONFIGURE (hardware initialization)

Entry: AL = 1
ES:BX = address of a his structure (lpHI)

Return: AX = 1 if OK, 0 if error

This service is called by the ACAN_SetHardConfig library function.
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# ACAN_HARD_STATUS (hardware initialization status)

Entry: AL = 2
ES:BX = address of a his structure

Return: AX = initialization state (0 = virgin, 1 = initialized)
ES:BX = updated his if AX = 1
DL = CAN controller type (CANC_SJA1000)

This service is called by the ACAN_GetHardConfig library function.

# ACAN_HARD_CONTROL (CAN bus presence control)

Entry: AL = 3
DL = desired state (0 = Bus Off, 1 = Bus On)

Return: AL = final state
AH = original state

This service is called by the ACAN_BusControl library function.

# ACAN_REGISTER (Task Block registration)

Entry: AL = 4
ES:BX = address of the tbs structure to register

Return: AX = 1 registered, 0 otherwise.

This service is called by the ACAN_Register library function.

# ACAN_ACK (Task Block event acknowledge)

Entry: AL = 5
ES:BX = Task Block's tbs address

Return: AL = ES:[BX].tb_sta, AH = ES:[BX].tb_sca
(AX = ES:[BX].tb_wsta)

This service is called by the ACAN_AckEventCheck library function.

# ACAN_FREE (Task Block Deregistration)

Entry: AL = 6
ES:BX = Task Block's tbs address

Return: AX = 1 is deregistered, 0 otherwise
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This service is called by the ACAN_Deregister library function.

# ACAN_SEND (CAN message sending)

Entry: AL = 7
ES:BX = message to send (ambs structure)
CL = emission priority (0 = high, 255 = low)

Return: AX = 1 if OK, 0 otherwise.

This service is called by the ACAN_SendMessage library function.

# ACAN_RECEIVE (received messages retrieval)

Entry: AL = 8
ES:BX = Task Block's tbs address

Return: AX = number of retrieved messages, or -1 if error

This service is called by the ACAN_RetrieveMessages library function.


