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SYNOPSIS

A CAN based cluster controller has been developed to reduce the

wiring complexity in an automobile’'s Electronic Control Unit (ECU). It also heips
in improving the response time of a particular operation.

We use a Motorola controller-MCBSHC9086216 as the controlling
t which constitutes a CAN

unit. This controlier has an MSCAN module ini
eception of data through a single

transceiver that helps in the transmission and 1

twisted pair of CAN nus.

The software code for the transmission and reception of the data

through CAN is writien in ‘C’ language.
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INTRODUCTION

A Controller Area Network is used to reduce the wiring complexity

that is involved in connecting the different gadgets in an automobile cluster.

Although different parameters like ABS, HVAC, Power window/,
Stereo system, Fuel gauge, Speedometer & Tachometer can be connected to

the CAN bus, we have chosen speed and revolution’s of the engine as the "wo

testing parameters.

This project aims at standardizing the communication protocol of

different parameters from their respective sensors o their displays.



2 WHY CAN

CAN - ‘Controller Area Network' is a serial bus system especially
suited for networking intelligent devices as well as sensors and actuators within a

system or sub-system.

Our project aims at standardizing the automobile transmission

cluster and subsequent components by using CAN.

CAN is an 1SO-0SI defined bus originally developed for the
automobile industry to replace the complex wiring narness with a simple two wire

bus.



2.1 WHAT 1S CAN

The CAN bus was developed by BOSCH as a multi-master
message broadcast system that specifies a maximum signaling rate of 1
Mbit/sec, unlike a traditional network such as USB or Ethernet, CAN does not
send large blocks of data point to point from node A to node B under the

supervision of the central bus master.

In a CAN network, many short messages like temperature or RPM

are broadcast to the entire network.

It conforms to the Open System interconnect (OSH) modet which is
defined in terms of layers. CAN architecture defines the lowest two Iayers of the

model, wiz the data link layer and the physical fayer.



2.2 THE LAYERED ISO 14898 STANDARD ARCHITECTURE:
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2.3 NEED FOR CAN AND SOME ADVANTAGES

» CAN consists of a twisted pair wire as the bus with appropriate
termination.

= |t reduces the wiring complexity involved in the cluster.

= It has multi-master capabilities, i.e. all CAN nodes will be able to transmit

and receive data

= Several CAN nodes can request the bus simultaneously

« It has a high bit rate and high immunity 10 slectrical interference

« |t has an ability to detect any errors produced and also correct them

» Data consistency is preserved in every node of the system

« The serial bus system has real time capabilities and hence is prevalent in
the automotive industry

Internal prioritization is done by the means of ‘Local Priority Concept

4



= Simplicity in CAN protocol means that very little cost and effort needs to
be expended on the personal training

= CAN chip interfaces make applications programming relatively simple

« More than 50 CAN protocol controller chips from more than 15

manufacturers are available

2.4 TYPES OF CAN

CAN exists in two forms -
a) Basic CAN
b) Full CAN

The Basic CAN has a tight coupling between the CPU and the CAN
controller, where all messages broadcast on the network have to be individually
checked by the microcontroller. This results in limiting the baud rate to 250

kbaud.

A Full CAN is a higher form with an acceptance filter which makes
out the irrelevant messages using identifiers. 1t aliows for two lengths of

identifiers, one with 11 bits and another with 29 bits.



2.5 CAN PROTOCOL

The CAN communication protocol is a carrier sense multiple access
protocol with collision detection and arbitration on message priority (CSMA/CD

and AMP)

CSMA means that each node on a bus must wait for a prescribed

period of inactivity before attempting to send a message

CD and AMP means that collisions are resolve through a non
destructive bitwise arbitration based upon a pre-programmed priority of each

message in the identifier field

Higher priority wins the access of the bus, an identifier consisting

entirely of zaroes gets the highest priority.

There are two versions of CAN —
a) low speed CAN is for applications upto 125 kbps with a
standard 11 bit identifier called as standard CAN V2.0A
b) the latest one with signaling rates from 125 kbps to 1 Mbps with
extended 29 bit identifier called Extended CAN V2.0A and CAN
CAN2.0B



2.6 CAN MESSAGE FORMAT:

STANDARD CAN:

R
0111 Bit Identifier| T | D | r0 | DLC| Bytes| CRC ACK IO F
R

| 0-8 Ell

E Data FIS

SOF — Start Of Frame bit marks start of a message and is used for

synchronization

5 IDENTIFIER —it has 11 bits o estabiish priority of the message

A\
¥
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V2
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%

RTR — Remote Transmit Request is DOMINANT when informaticr:
is required from another node

IDE - identifier Extension Bit when DOMINANT implies that a
standard CAN with no extension is transmitted

RO — reserved bit

DLC - four bit Data Length Code has number of bytes of data being
transmitted

Data — up to 64 bits can be transmitted

CRC — Cyclic Redundancy Check contains 16 bits that chec<s sum
of data preceding error detection

ACK — when a node receives a data, it overwrites this RECESSIVE
bit by a DOMINANT bit indicating an error free message has been

send. It has two bits.
EOF — End Of Frame is a 7 bit field that marks the end of a CAN

message frame and disables bit-stuffing
IFS —itis a 7 bit Inter Frame Space and contains the amount of
time needed by microcontroller 1o move the message frame intc @

message buffer



In an

Extended CAN frame, the changes are:

s | 1 R 0-8 e
0 |11 BitIdentifier| Rl918 Bit Identifier| T {r1|r0{DLC|Bytes|CRC|ACK O
F RIg R data F

T

» SRR — Substitute Remote Request bit replaces RTR
» |DE — a RECESSIVE bit indicates more identifier bits are to follow
R1 — following RTR & RO, itis an additional RECESSIVE bit

w/

2.7 BUS ARBITRATION:

SR NEEN

The signaling in CAN is carried out using differential voltages and it is from
this that CAN derives most of its noise immunity and fault tolerance

The two signal lines, CAN-H & CAN-L in the quiescent state sitat 2.5V

A logic ‘0’ is denoted by CAN-H and is called a DOMINANT bit

A logic ‘1" is denoted by CAN-L and is called a RECESSIVE bit

When a logic ‘1" is written, the two wires sit at 2.5V and is termed as &
RECESSIVEbit

When a logic ‘0’ is written, one wire is pulled to +5V (CAN-H) and the
other is pulied to GND (CAN-L) and is termed as a DOMINANT bit

A DOMINANT bit overrules the REGESSIVE bit. This technique is callec

“Non Destructive Bit-wise Arbitration”
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2.8 CAN ERROR CHECKING:

CAN protocol has five methods of error checking — three at
message level and two at the bit level. If a message fails anyone of these error
detection methods at a given node, it will not be accepted and an error frame will

be generated and hence the message will be resent.

At the message level, there is a CRC check, an Acknowledge slor
and a frame check, where CRC is a 15 bit field, ACK is a 2 bit field and & frame
check must always have RECESSIVE bits.

Af the bit leve!, each bit is monitored. The compliment of a bi:
should not be read and the exceptions to this are the identifier field and the
acknowledge slot. Finally, bit stuffing rule is when a message is de-stuffed, if
after five consecutive bits of the same logic level, the next bitis not a

complement, an error is generated.



2.9 CAN APPLICATIONS

x CAN can be used in an embedded communication system for
microcontrollers

x |t can be used as an open communication system for intelligent
devices

x |t was originally developed for use in automobiles and is now used
in industrial field bus system

% In the field of medical engineering, CAN is opted because the user
has to meet with stringent safety requirements

% Also used in manufacture of other equipments such as Robots, lifts
and other transportation systems

% ldeally suited in applications which require high reliability and
transmission of short messages

% Suited when data is needed by more than one location and system
_ wide data consistency is needed

% Solutions have been found within CAN in manufacturing
automobiles, trucks, trains, buses, airplanes, agriculture,
construction, mining and marine vehicles

% |t also finds its application in factory and building automatior:

10



3 BLOCK DIAGRAM
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For our project, we decided to test the CAN based cluster controller
by using ‘speed’ and “acho’ as the two inputs, inputted through the same
circuitry. The controller then controls the ACM driver, providing the necessary
deflection. Thus, this is the way we test the transmission and reception by using

a CAN controller.

11



4.2 REALIZATION OF THE DESIGN:

With the completion of the circuit diagram, the process of
realization of the design started with the selection of the suitable software for the

design of the PCB. This lead to the selection of a software called “CADSTAR".

The first step in this to draw the PCB schematic. This schematic
obtained is checked for errors. Errors, if present, are rectified, and we procesd on
to the second stage, i.e., PCB design itself. The size of the board is selected anc
the placement of different chips in the required position is done. The final stage s

‘Routing’. With the routing completed, the design obtained is given for fabricatior.

Once the PCB is obtained, the board is checked for short circuits
and track discontinuity. After this phase, the soldering procedure starts. The
components that are to be soldered are checked for proper operation and its
characteristics are verified. Then the components are soldered on the board.
Once soldering is over, the next step involved is that of loading the software intc
the EPROM. This procedure consists of erasing the previous contents of the

EPROM by exposing the chip to UV rays.

Once the erasure procedure is over, this is then loaded into a
universat programmer which loads the necessary program into the EPROM. The
PCB is set into the cluster and necessary power supply connections are given.

Thus an explanation of the hardware is given above.

14



5 MICROCONTROLLER

A microcontroller is a device that integrates a number of the
components of a microprocessor system onto a single microchip. It consists of
powerful CPU tightly coupled with memory (RAM, ROM or EPROM), various /O
features such as serial ports, parallel ports, timers/counters, interrupt controller,
data acquisition interfaces, analog to digital converters (ADC), digital to anzlog

converters (DAC) everything integrated into a single silicon chip.

Depending upon the need and area of appiication for which the chip
is designed, the on-chip features present in it may or may not include all the

individual sections mentioned above.

A designer will use a microcontroller to:
& Gather input form various sensors
& Process this input into a set of actions
p

& Use the output mechanisms on the microcontroller to do something usefu!

Any microcontroller system requires memory to store a sequance of
instructions making up a program, parallel port or a serial port for communicating
with an external system, timer/counter for generating time delays apart from the

controlling unit called the Controlier's Central Processing Unit (CPU).

A general purpose microcontroller is a very powerful tool that allows
a designer to create a special purpose design. The design becomes partially
hardware and partially software. There is a great flexibility in the software end as

the designer can create practically unlimited variations on the design.

15



5.1 ADVANTAGES OF MICROCONTROLLER:

If a system is developed with a microprocessor, the designer will

~ have to go in for external memories such as RAM, ROM/EPROM and peripherals
and the size of the PCB will be large enough to hold all the required peripherals.
But the microcontrolier has all these peripheral facilities on a single chip. So,
development of a similar system with a microcontrolier reduces the PCB size,

cost of the dlesign and number of components.

One of the maijor differences between the microcontroller and
microprocessor is that a controller deals with bits, not with bytes as in the real
world applications. For example, switch contacts can only be opened or closed

and motors can either be turned ON or OFF.
Microcontroller ports can be used 1o operate LEDs and relays, as
well as input the state of switches and logic circuit inputs. Not all microconrolier

ports are able to drive an LED directly; some need to be interfaced via a buffer

such as 7406 open collector inverting buffer.

In this project, the microcontroller empioyed is MCB8HC908GZ12.

16
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5.2 GENERAL FEATURES OF MC68HC908GZ16

The MC68HCO08GZ 16 is a member of the low cost, high

performance M68HCO08 family of 8 — bit microcontroller units. This family is based

on the Customer — Specified Integrated Circuit (CSIC) design strategy.

All MCUs in the family use the enhanced M68HCO8Central

Processing Unit (CPU08) and are available with a variety of modules, memory

sizes and types, and package types.

FEATURES

12.

High performance M68HC08 architecture

Fully upward compatible object code

Maximum internal bus frequency -

8 Mhz at 5V operating voltage
4 Mhz at 3.3Voperating voltage
32 Khz crystal oscillator clock input with 32 Mhz internal Phase Locked
L.oop (PLL)
7936 bytes of user flash memory
406 bytes of flash programming routines ROM
44 bytes of user flash vector space
1024 bytes of on chip RAM
350 bytes of monitor ROM
64 bytes of control and status register
Two 16 bit, 2 channel Timer Interface Module (TIM1 & TIM2) with
selectable input capture, output compare and PWM capability or. each
channel

A Clock Generator Module with 1-8 Mhz oscillator and phase locked

loop
19



13.
14.
15.
16.
17.-
18.
19.
20.
21.
22.
23.

24.

An enhanced serial communication interface module
A serial peripheral interface module
IRQ" external interrupt pin with integrated pull up
A System Integration Module (SIM) with an external Reset
A 10 bit successive approximation Analog to Digital Converter (ADC)
8 bit keyboard wake up port with programmable pull up
An MSCANO8 Module which is a unique feature of the controller
Power-on Reset
A monitor module
A 32-pin and 48-pin Low Profile Quad Flat pack
Ports — A,B,C,D,E are the five input output ports
a. PTAO/KBDO - PTA7/KBD7
PTBO/ADO - PTB7/ADY
PTCO/CANtx — PTC1/CANX
PTC2 - PTC6
PTDO/SS’ - PTD7/T2CH1
PTEOQ/TXD, PTE1/RxD, PTE2 - PTES

System Protection Feature:

e a0 v

a. Low voltage detection with optional Reset
b. Computer Operating Properly (COP) reset module
c. lliegal op code detection with reset

d. lilegal address detection with reset

20
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The MC68HC08 CPU is an enhanced and fully object code —
compatible version of the M6EHC05 CPU

Some of its important features are:

It has an object code fully upward compatible with MEBHCOS
family, and a 16 bit stack pointer with stack manipulation instruction. it has a 16
bit index register with X — register manipulation instructions with 8 Mhz CPU
internal bus frequency, 64 Kbyte program/data memory space. There are 16
addressing modes. Memory to Memory data moves without using accumulator s
possible. It is builtin with a fast 8 bit by 8 bit multiply and 16 bit by 8 bit divide
instruction. Enhanced BCD data handling is capable. It also has low power STCF

and WAIT modes.

The CPU has an accumulator, stack pointer, index register.

program counter, condition code register and ALUL

21



5.3 MSCAN ~ MODULE

MSCAN08 CONTROLLER

it is the Motorola Scalable Controller Area Network concept

targeted for the Motorola M68HCO08 microcontroller family.

The module is a communication controller implementing the CAN

2.0A/B protocol as defined in BOSCH specifications.
The CAN protocol was primarily designed 1o be used as a vehicle
serial data bus, meeting the specific requirements of this field- real time

processing, reliable operation in the electromagnetic interference environment of

a vehicle, cost effectiveness and required bandwidth.

It has an advanced buffer arrangement.

22



FEATURES

= MSCANOS enable bit is software controlled by bit MSCANEN in
configuration register (CONFIG2)
» Modular architecture
» CAN protocol - CAN 2.0A/B
v Standard and extended data frames
v’ 0-8 bytes data length
v Programmable bit rate up to 1 Mbps
» Support for remote frames
= Double buffered receive storage scheme
= Triple buffered transmit storage scheme with internal
prioritization using LOCAL PRIORITY concept
« Flexible maskable identifier filter supports alternatively one fu:
size extended identifier filter or two 16 bit filters or four 8 bit
filters
= Programmable wake-up functionality with integrated low pass
filter
« Programmable loop-back mode supports self test operation
= Separate signaling and interrupt capabilities for ail CAN
receiver and transmitter error states
= Programmable clock source
= Programmabile link to timer interface module 2 for network
synchronization

= Low- power sleep mode

23



CAN SYSTEM IN MICROCONTROLLER

The MSCAN has two external pins.
> One input- CANrx
» One output- CANtx

= The CANtx pin represents the logic level on the CAN,'Q" is for &
DOMINANT state and a ‘1’ is for a RECESSIVE state.

» Each CAN station is connected physically to the CAN bus lines
through a transceiver chip.

= Transceiver is capable of driving the large current needed “or

CAN and has current protection against defected stations.

MESSAGE STORAGE

Any CAN node can send out a stream of scheduled messages
without releasing the bus.

The nodes will arbitrate for the bus right after sending the previous

message.

The internal message queue within the CAN node is organized
such that the highest priority message will be sent out first.

A single transmit buffer will not be sufficient because the buffer

must be reloaded right after the previous message is send.
A double buffer scheme would decouple the reloading the transmit

buffers from the actual message being send.
MSCANOS has three transmit buffers to make the reguirements.

24



RECEIVE STRUCTURES

Received messages are stored in a two stage input First-in-First-
out (FIFO)
Has two buffers- a) background receive buffer (RXBG)

b) foreground receive buffer (RXFG)
It also has receiver full flag (RXF) which is set if a message is
received
Buffer size is 13 bytes

TRANSMIT STRUCTURES

There are three transmit buffers

The transmit buffers are 13 bytes in size

An additional transmit buffer priority register (TBPR) contains an g
bit local priority field

It has a transmitter buffer empty (TXE) fiag and the datais

transmitted by clearing the fiag

IDENTIFIER ACCEPTANCE FILTER

The filter can be programmed to operate in four different modes.
Single identifier acceptance filter
Two identifier acceptance filter
Four identifier acceptance filter

Closed filter

25



INTERRUPTS

MSCANO8 supports four interrupt vectors mapped on to
eleven different interrupt sources.’
Transmit interrupt
Receive interrupt

Wake-up interrupt

AL NN

Error interrupt (maybe due to over-run, warning or error)

26



5.4 MONITCR ROM

The monitor ROM allows complete testing of the microcontroller

unit (MCU) through a single wire interface with a hot computer.

FEATURES

< Normal user mode pin functionality

< One pin is dedicated tc serial communication between monitor Read Only
Memory (ROM) and hcst computer

< Standard baud rate of 7200 @ 8Mhz bus frequency

2 FLASH memory security feature

& FLASH memory programming interface

% 350 bytes monitor ROM code size

< Itis normal mode entry if high voltage is applied to IRQ’

All the communication between the host computer and the MCU is
through the PTAQ pin. PTAO is used in a wired — OR configuration and requires 2
pull-up resistor. A normal monitor mode is used here. A security feature

discourages unauthorized reading of FLASH locations while in monitor mode.

27



6 HARDWARE DESCRIPTION

6.1 POWER SUPPLY

The power supply circuit consists of a dc voltage of +12V to +77V
which is given from the battery, a ‘diode which acts as the rectifier and a reg Jdlator

which regulates the high voltage to a constant value of 3V.

BATTERY VOLTAGE

The dc supply from the battery is about 12V to 17V. Since the

microcontroller requires only 5V for its operation, the voltage is regulated to 5V,

RECTIFIERS

A device that is capable of converting the sinusoidal input
waveform into unidirectional waveforms with non-zero average component is

called rectifier

The most common single phase rectifiers are —
1. half — wave rectifier
2. full — wave center tapped rectifier

3. full — wave bridge rectifier

The type of rectifier circuit used in this power supply is a half wave
rectifier which consists of a single diode D1. The advantage of the half wave
rectifier is its simplicity. The diode D1 used here provides reverse polarity

protection.
28



FILTERS

Filters used are basically capacitors. Shunting the load with
capacitor frequently affects filtering. The action of this system depends upon the
fact that the capacitor stores energy during the conducting period. In this way,
the time during which the current passes through the load and the ripple is
considerably decreased. The ripple voltage is defined as the deviation for the

load voltage from its average or dc value.

There are four capacitors used in this power circuit. All of ther act
as filters. C1 & C2 capacitors help in removing the spikes in the input, whereas
C3 & C4 are also used for protection by removing the spikes in the output supp:

to the microcontroller.

VOLTAGE REGULATOR

The function of a voltage regulator is to provide a stable dc¢ voltage
independent of the load current, temperature and ac voltage variations. It is in

this stage that the battery voltage is reduced o a stable dc voltage of 5V.

IC voltage regulators are versatile and inexpensive. The TLE4274
voltage regulator is simple to use. The common pin 2 is grounded. The pin 1is
connected to the cathode of D11, The pin 3 is connected to the 14" pin of the

microcontroller which is the power supply Vvdd pin.

29



6.2 SPEED AND TACHO SENSORS:

There are two inputs, speed and tacho in RPM that are tested in
our CAN based cluster controlier. A pulse width modulated wave is given as the
speed input. The are two resistors, R2 & R3 which are used to limit and provide

resistance to the input.

The capacitor C5 removes the spikes in the speed input and hence
acts as a filter. There is a zener diode which aliows only 9V or lesser input to
pass through. There is another diode D2 4148 with MELF package which acts as
a rectifier. The transistor BC547 used here acts as a switch. When a high voltage
comes through the base, the transistor goes to the ON state and hence is pullec
to a high. But, when a low voltage is given to the input, the transistor is shorted.
At every falling edge of the input, the transistor goes to the OFF state. Every
edge is taken as a trigger and transistor goes to the ON state. The transistor has
a capacitor C7 connected across it and hence connected tc the 15" pin of the
microcontroller. This pin is the port D4 or the timer channel 0 pin. The timer
hence senses the number of pulses and calcutates the distance covered anc

hence the speed.

30



6.3 DIFFERENTIAL AIR CORE METER DRIVER

The SA5775 is a monolithic Serial Gauge Driver (SGD) which can
be used to directly drive Air Core Meters (ACM), typically used in automobile
dashboards. The circuit interfaces with the serial bus of a microcontroller, has 10
bit resolution (0.35 deg) and is guaranteed to be monotonic. Data can be shifted
through the part so that several SA5775s can be cascaded with only one chip

select line.

PRINCIPLE

in many meter applications hitherto D’Arsonval type of movement
has been used. In this, a field coil is used along with a permanent magnet. Wher
a current passes through the field coil, it generates a magnetic field. The
magnetic field, due to the field coil, interacts with that due to the permanent
magnet producing a resultant force that causes a needle to deflect, the deflection
being controlled by a spring. Calibration of the current results in known
deflections of the needle is used to indicate the desired reading. There are a

number of disadvantages here.

a. The strength of the mechanical spring degrades with age anc
with femperature cycling
b. The permanent magnet ages with a lessening of the magnetic
field. This makes it harder for it to pull the needle against the
spring.
c. The mechanism is prone to damage due {0 vibrations from
handling and other causes
To overcome some of these problems, Air Core Meters have been
used quite successfully. In this type of movement, there are two coils whick are
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wound at 90 deg from one another. A needle is aftached to a magnetized disc
that is positioned between the two coils. When currents 90 deg out of phase with
each other pass through the two coils, the resultant magnetic fields produce a
force which moves the disc. The position of the disc is dependent upon the -atic
of the currents in the two coils. By varying this ratio, the disc and hence the

needle position can be varied.

ADVANTAGES
a. There are no springs
b. Only effect of magnetic strength degradation with age isir
slowing of mechanical response time
c. Accuracy does not degrade with age
d. Not prone to damage due to vibration/handling on account of
rugged sleeve bearings

e. Built-in damping

FEATURES OF THE SA5775 ACM DRIVER
1) 10 bit resolution (0.35 deg)
2) exceptional accuracy (0.25 deg, typically)

3) high torque capability

4) active differential drivers eliminate back-EMF issues
5) no RFI/EMI generation issues

6) simple serial interface

7) simple cascading capability for multiple meters

8) internal fault protection

9) only one external component required (bypass capacity}

APPLICATION

Insirumentation utilizing Air Core Meters.
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6.4 SN75LBC031 — HIGH SPEED CONTROLLER AREA NETWORK (CAN)
TRANSCEIVER:

The SN75LBC031 is transceiver used as an interface betweer: a
CAN controller and the physical bus for high speed applications of up to 500
kbaud. The device provides transmit capability to the differential bus and

differential receive capability to the controller.

The transmitter outputs (CAN-H, CAN-L), feature internal transition
regulation to provide controlled symmetry resulting in low EMI| emissions. Both
the transmitter outputs are fully protected against battery short circuits and
electrical transients that can occur on the bus lines. There is a thermal shut down
circuitry to disable the output drivers in the event of a excessive power
dissipation. For normal operation at 500 kbaud, the ASC terminal is open ¢- tied

to GND.

The receiver includes an integrated filter that suppresses the signal
into pulses less than 30 ns wide. The SN75LBCO031 is characterized for operatior

from-40°Cto 85°C.

SN75LBC031 PIN DIAGRAM

D PACKAGE
(TOP WVIEW)

ASC
CAMH
CANL
REF

GHD
Yo
23

£ W K=
th @ ~ Q0
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TERMINAL FUNCTIONS DESCRIPTION

™> -

GND -

RX -

vCGC -

REF -

CANL -

CANH -

ASC -

Transmitter input

Ground

Receiver cutput

Supply voltage

Reference output

Low side bus output driver

High side bus output driver

Adjustable slope conirol
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6.5 CRYSTAL OSCILLATOR

The crystal oscillator module provides the reference clock for the
Clock Generator Module (CGM), the Real Time Clock module (RTC) and other
MCU sub systems. The oscillator module consists of two types of oscillator
circuits-
1. internal RC oscillator

2. Crystal oscillator (X-tal)

The two oscillator pins OSC1 and OSC2 of the micro controller are
the connections for an external crystal, resonator, or clock circuit. The interral
RC clock is the output from the internal RC oscillator. This clock drives the SIM

and COP modules.

The WAIT and STOP instructions put the MCU in the low power
stand by mode. The WAIT instruction has no effect on the oscillator module. The
CGMXFC is the external filter capacitor connection for the clock generator

module.
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6.6 MAX 232

FEATURES

High data rate — 250 kbits/sec under load

16 — pin DIP or SOIC package

20 — pin TSSOP package for height restricted applications
Operate from single +5V power

Meets all EIA-232E and V0.28 specifications

Uses small capacitors 0.1pF

v V V VYV V V VY

Optional industrial temperature range available (-40°C to +85°C)

DESCRIPTION

The MAX232 is a dual RS-232 driverireceiver pair that generates
RS-232 voltage levels from a single +5V power supply. Additional +12V supplies
are not needed since the MAX232 uses on-board charge pumps to convert the
+5V supply to +10V. The MAX232 is fully compliant with EIA RS-232E and
V0.28/V0.24 standards. The MAX232 contains two drivers and two receivers.
Driver slew rates and data rates are guaranteed up to 250 kbits/sec. The

MAX232 operates with only one 0.1uF charge pump capacitors.
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PIN CONFIGURATION

* E Ve
45] G

PIN DESCRIPTION

VCC

GND

V+

-

TAIN, T2IN
T10UT, T20UT
R1IN, R2IN
R10UT, RZOUT
C1+, Ci-

C2+, C2-

Ci-| 3 MAX].M E T10UT
+[a]| mmxoze  [as] P
WAXZ32E

co. [5 | 12] RioUT
Y. |6 1] T
T20UT | 7 1] T2i!
el | & g | FeOLT
- +5 Volt Supply

Ground

Positive Supply Output
Negative Supply Output
RS-232 Driver Inputs
RS-232 Driver Outputs
Receiver Inputs
Receiver Outputs
Capacitor 1 Connections

Capacitor 2 Connecticns
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6.6.1 RS-232

RS-232 stands for Recommended Standard number 232 and C is
the latest revision of the standard. The serial ports on most computers use &
subset of the RS-232C standard. It sends and receives data using twisted pair
cable. The full RS-232C standard specifies a 25-pin ‘D’ connector of which 22
pins are used. Most of these pins are not needed for normal PC communications
and indeed, most new PCs are equipped with male ‘D’ type connectors having

only nine pins.

PIN SCHEMATIC
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PIN DESCRIPTION

-
Pin Number Direction of Signal i
1 ‘Carrier Detect (CD) (from DCE) Incoming signal from a i
modem
2 Received Data (RD) Incoming Data from a DCE

Transmitted Data (TD) Outgoing Data to a DCE
Data Termina! Ready (DTR) Outgoing handshaking

N

signal

Signal Ground Common reference voltage

Data Set Ready (DSR) Incoming handshaking signal

Reduest to Send (RTS) Outgoing flow control signal

Clear to Send (CTS) Incoming flow control signal

ol ool 1 G Ot

Ring Indicator (R1) (from DCE) Incoming signal from =

modem

RS-232 uses an unbalanced signal communication method. That is,
there is one signal wire for each circuit with a common return for all signals. This

method is somewhat susceptible to electrical noise.

To communicate, the device sends a series of binary signals to the
receiver. These binary pulses make up predefined words that indicate either

commands or status conditions.

The RS-232 communication standard supports only one transmitter

driver and & receiver. Distance is limited to 50 feet.
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FLOW OF SIGNAL FROM DRIVER TO RECEIVER

Driver Receiver

M -
s

Sinal Ground
Cormmon Return
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7 SOFTWARE

7.1 PROGRAMMING ASPECTS

‘C’ — An Insight

(..

The software was programmed in Motorola’s "C’ compiler. “C
was preferred as a development medium due to its right popularity, ease of use
as compared to assembly language, good programming constructs, rich
reference language, rich reference sources, high perfo‘rmance and it offers very
good hardware interaction due to its close relationship with assembiy language.
Summing it up, it offers the best of both low level assembly language, by
providing raw programming power of assembly language and the understandabie
programming style of high level languages. By suitably changing the compiler
options, the same ‘C’ code can be easily ported to different microcontrollers by

making littie or no changes in source code.
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7.2 FLOWCHART

o O

h

Initialize the
INITCAN function

l

Initialize the
Buffer Valid

+

Initialize the bit
timing or the bus

b

Set the identifier bit in the extended !
frame format (29 bits) J

l

Acceptance mask register is cleared
so that no masking of data is done

S

Transmitter is configured as QUT port |
& receiver is configured as IN port ‘I
|

L CAN data and the angle of the W

speedometer & tachometer are -y 4 |
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Disable the CAN interrupts —l
_

Y
Display the
CAN data

Y

( STOP )

A2



7.3 ALGORITHM

TRANSMISSION

1.

10.

11.

Start the program
initialize the function INITCAN in which all CAN registers are initialized
Configure the message Buffer Valid Register (BVALRY) invalid

Configure the Identifier bits as the extended frame version with 29 bits. [t

is initialized as XXFF.
The first buffer out of the 16 buffers is configured for transmission

The acceptance mask selection register is cleared so that no masking of

data is done

The control status register is configured as 0081 where the transmit buffer

is the OUT port and the receiver buffer is the IN port
The message buffer is made valid

The Transmission Request Register (TREQR), Transmission Cance.

Register (TCANR), Transmission Termination Register (TCR) are cleared
The speedometer, tachometer values are transmitted
The fuel angle is also transmitted in which only the first four bytes, twc for

speedometer and two for tachometer
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12. The control status register is configured as 0080

13. The Transmission Request Register (TREQR) is set

RECEPTION

1. Start the program

2 Initialize the function INITCAN in which all CAN registers are initialized

3. Configure the message Buffer Valid Register (BVALRY} invalid

4. Configure the |dentifier bits as the extended frame version with 29 bits. I
is initialized as XXFF.

5 The first buffer out of the 16 buffers is configured for reception

6. The acceptance mask selection register is cleared so that no masking ¢f
data is done

7. The control status register is configured as 0081 where the transmit buffer
is the OUT port and the receiver buffer is the IN port

8. The message buffer is made valid
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10.

1.

12.

13.

14.

The Transmission Request Register (TREQR), Transmission Cancel
Register (TCANR), Receiving Termination Register (RCR}, Receiving
Over Run Register (ROVRR) and Receiving Interrupt Permission Register
(RIER) are cleared

The speedometer, tachometer values are received

The fuel angle is also received in which only the first four bytes, two for

speedometer and two for tachometer

A formula is used to convert the angle into the value to be displayed

The Receiving Termination Register (RCR) is configured as XXFF

The Transmission Request Register (TREQR} is set
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7.4 PROGRAM CODING

***'k****'i:*****"*********‘k*** CAN TRANSMISSION BOARD ********'ﬁr*******ft***w*i**

void InitCan{void}

REG_WRITE(IO_‘BVALR.word, (U2)0); /* message buffer invalid */

REG__WRITE(lO_CANCT.BTR.word, (U2)Ox7FFF);  /* bittiming */

REG__WRlTE(!O_CANCT.iDER.word, (U2)OxFFFF); /* IDE (Extended

frame)™/

for(i=0;1< 16; i++)

{
REG_WRITE(IO_CANID.IDR[i].!word, (U4)0);, /*ID*
REG_WRITE(IO_CANID.DLCR[i].word, (U2)8);/* DLC ¥/
REG_WRITE(IC)_CAN!D.DTR[i].BYTEO_B, (U4)0); /DTRY
REG_WRITE(IC)dCANID.DTR[i].BYTE4_7, (U4)0), #DTRY

)

REG__WRITE(IO_CANlD.lDR[O].Iword,(U1) Oxff); /* Identifier = Oxff 7/

REG_WRITE(IO_CAN'CT.AMSR.Iword, (U4)0); /" acceptance mask
selection register  */

REG_WR!TE(IO__BVALR.word, (U2)1); /* message buffer valid  /

REG_WRITE(IO_CAN'CT.TRTRR.word, (U2)0); /* Send data frame i

REG_WRITE(IO-_CANCT.CSR.word, (U2)0x0081);  /* control status ™

REG_WRITE(IO_TREQR.word, (U2)0); /* transmission request register
REG_WRITE(IO_TCANRword, (U2)0); /* transmission cancel register */
REG_WRITE(iO_TCR.word, (u230);, 7~ 2727?7transmission termingtion

register */
REG WRITE(IO_RCR.word, (U2)0); /* receiving termination register ™
REG_\NRITE(IO_RRTRR.word, (U2)0}; /* remote request receiving
register */
REG_WRITE(IO_ROVRR.word, (U2)0); /* receiving overran register -~
REG_WRITE{IO_RIER.word, (U2)0), /¥ receiving interrupt permissio”
register */

REG_WRITE(IO_CANCT LEIR.word, {U2)0); /* iast event display */

REG_WRlTE(iO__CANCT.TRTRR.word, (U2)0); /* transmission RTR i

REG_\NR!TE(IOECANCT.RFWTR.word, (U2)OxFFFF); /* remote frame */

REG__WRITE(IO_CANCT.TIER.Word, (U2)0); /* transmission interrup?
permission */

REG_WRITE(IO_CANCT.AMRO.lword, {U4)0); /* acceptance mask 0~

REG_WR[TE(IO__CANCT.AMR1 Iword, (U4)0); /* acceptance masi .7
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static void CanRoutine{void)

{
U2 u2_spd_angle;
U2 u2_tacho_angle;
U2 uz_fuel_angle;
U2 u2_temp_angie;
U4 CanData; -
u2_spd_angle = u2_GetSpdAngie();
u2_tacho_angle = u2_GetTachoAngle();
CanData = (U4) u2_spd_angle | (U4) ((U4) u2_tacho_angle << 16);
REG__WRlTE(IO__CANID.DTR[O].BYTEO_B,CanData);
REG_WRITE(IO_CANCT.RFWTR.word, (U2)0x0);  /* remote frame *f
REG__WRITE(IOﬂ_CANCT.CSR.word, (U2)0x0080);  /* control status *f
REG_WRITE(IO_TREQR.word, (U2)1); /* transmission request register */

}

**************'k****'9t'k***************************************i**t‘k***i‘***********‘k:‘r***::**it'k

********************************* CAN RECEPT'ON BOARD ek e e e K T KRR F Kk Rk kR K kR

void InitCan(void)

REG_WRITE(IO_BVALR.word, (U2)0); /* message buffer invalid ™/

REG_WRITE(IO_CANCT.BTR.word, (U2)Ox7FFF);  /* bittiming "/

REG_WRITE(IO_CANCT.IDER.word, (U2)0xFFFF); /* IDE (Extended

frame)™/

for(i = 0; i < 16; i++)

{
REG_WRITE(IO_CANID.IDR]i].lworc, Uy, ~1io M
REG_WRITE(I0_CANID.DLCR]].word, (U2)8);/* DLC */
REG_WRITE(IO_CANID.DTR[i].BYTEO_3, (usoy, [FDTR™
REG_WRITE(IO_CANID.DTR[i].BYTE4_7, (usoy, MDIR™

}
REG_WRITE(IO_CANID.IDR[O].word,(U1) Oxff); /" Identifier = OxiT".

REG_WRITE(IO_CANCT.AMSR.!word, (U)o, /* acceptance mask
selection register ¥/
REG_WRITE(IO_BVALR.word, (U2)1); /* message buffer valid

REG_WRITE(IO_CANCT.TRTRR.word, (U2)0); /* Send data frame ™/
REG#WRITE(IO_CANCT.CSR.Word, (U2)0x0081Y;  /* control status *

REG_WRITE(IO_TREQR.word, (U2)0); /* transmission request
register */

REG_WRITE(IO_TCANR.word, (U2)0); /* transmission cance:
register */
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REG_WRITE(IO_TCR.word, (U2)0); /* 277 2transmission termination
register */
REG_WRITE(IO_RCR. word, (U2)0); /* receiving termination register */
REG WRITE(]O RRTRR.word, (U2)0); /* remote request receiving
register */
REG_WRITE(IO_ROVRR. word, (UZ)O) /* receiving overran register */
REG WRITE(IO RIER.word, (U2)0) /* receiving interrupt

permission register */

REG_WRITE(IO_CANCT. LEIR.word, (U2)0); /*last event display *

REG WRITE(IO CANCT.TRTRR.word, (U2)0); /* transmission RTR */

REG_WRITE(IO_CANCT. REWTR.word, (U2)OxFFFF);/* remote frame =

REG WRITE(IO CANGT.TIER.word, (U2)0); /* transmission interrupt
permission */

REG_WRITE(IO_CANCT. AMRO lword, (U4)0); / acceptance mask ¢ */

REG_WRITE(IO_CANCT. AMR1 Iword, (U4)0); /* acceptance mask * !

1
static void CanRoutine(void)
{

U4 u4_candata;

U2 u2_Spd;

U2 u2_tacho;

REG WRlTE(IO CANCT.CSR.word, (U2)0x0080); /[~ contro} status */
if(REG_READ(IO_RCR.bit. RCO) == ON}

{
u4 candata = REG_READ(IO_CANID.DTR[0].BYTEO_3);

u2_Spd = (U2) (u4_candata & (U4) Oxffff);
u2_tacho = (U2) (u4_candata >> 18);
SdetrCanUpdate(uZ_Spd);
TachoCanUpdate(u2_tacho);
u2_Spd -= (U2) 1800;
SetDebugDisp(0, (U4) u2_Spd);
SetDebugDisp(1, (U4) ((U4) 2000 * (U4) u2_Spd}/ (U4) {(U4
32894-(U4) 1800));
REG WRITE(IO_RCR.bit.RCO, OFF);
}

ki

**ir'k**********-k*it*************************************7‘(*-k***ir*-k**-k*‘ir****icic**********:-**'ﬁr*wrz
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8 CONCLUSION

“Necessity is the mother of invention” — the saying goes...
The need to transmit data in a more convenient manner and to restructure te
established standards of transmission by using just a twisted pair wire led to the

implementation of this project.

This project provides the above stated feature by introducing the
concept of Controller Area Network — CAN Bus in the automobile cluster. The
CAN protocol with greater advantages compared fo USB or Ethernet has a

higher bit rate, immunity to electrical interference and data consistency.

This project can be further developed by the inclusion of additiona.
devices, interfacing them with the CAN bus and thus making the automobilz
cluster compatible with the various standards followed for communication by the

vehicle manufacturers.
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_ SN65LBC031, SN65LBC031Q, SN75LBCO31
HIGH-SPEED CONTROLLER AREA NETWORK (CAN) TRANSCEIVERS

SLRS04EA - MAY 1998 — REVISED APRIL 2009

e SN75LBCD31 Meets Standard ISO/DIS D PACKAGE
11898 (up to 500 k Baud) { )
® Driver Output Capability at 50 mA M1 8] ASC
® Wide Positive and Negative Inputioutput GND [} 2 7 [] CANH
Bus Voltage Range Vee s 6 [} CANL
® Bus Outputs Short-Circuit-Protected to RX ] 4 5[] REF
Battery Voltage and Ground
e Thermal Shutdown TERMINAL FUNCTIONS
® Available in Q-Temp Automotive TERMINAL DESCRIPTION
~ HighRel Automotive Applications T Trangmitter iInput é
- Configuration Control/Print Support GND Ground ;
— Qualification to Automotive Standards Ve Supply voltage
b RX Receiver output
description REF Reference output
Co 5 ) CANL Low side bus output driver
The SN75LBC031 is a CAN transceiver used as CANH A -
" igh side bus output driver
an lqteﬁace betw_een a CAN co.ntrqller and the ASC Ajustable stops contrc] —
physical bus for high speed applications of up to
500 kBaud. The device provides transmit FUNGCTION TABLE
capability to the differential bus and differential X CANH | cant lBussTate| R
receive capability to the controller. The transmitter L H L Dommart | .
outputs (CANH and CANL), feature internal High or floating | Floating | Fioating| Recessive @ =
transition regulation to provide controlled L= low. H=rfign

symmetry resulting in low EMI emissions. Both

transmitter outputs are fully protected against battery short circuits and electrical fransients that can cCcur 09
the bus lines. In the event of excessive device power dissipation the output drivers are disabled by the thermal
shutdown circuitry at a junction ternperature of approximately 160°C. The inclusicn of an internal putiup resister
on the transmitter input ensures a defined output during power up and protoco! controlier reset. ~cr normal
operation at 500 kBaud the ASC terminal is open or tied to GND. For slower speed operation at 125 <Baud tne

bus output transition times can be increased to reduce EMI by connecting the ASC terminaito Vo o ne "stelver
includes an integrated filter that suppresses the signal into puises less than 30 ns wide.

The SN75LBCO31 is characterized for operation from --40°C t¢ 85°C. The SN65LBCU31 is charactemzad o7

operation from —40°C to 125°C. The SNB5LBC031Q is characterizec for operation over Ing auio™atve
temperature range of —40°C to 125°C.

Please be aware that an important notice concerning availability, standard warranty, and use in gritical applicatens of
Texas Instruments semiconductor products and disctaimers therelo appears at the end of this data sheet.
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SNGSLBC031, SN65LBC031Q, SN75LBC031
HIGH-SPEED CONTROLLER AREA NETWORK (CAN) TRANSCEIVERS

SLRSO48A — MAY 1998 - REVISED APRIL 2000

logic diagram

vece - * |

. < R3
= } CANH
) ' - . GANL
. R2 R1 2R !
C :
- REF 2R ‘
i %R1 e TAVAY -
RX - —0 i
l 2 :
* * GND




SN65LBC031, SN65LBC031Q, SN75LBCO31
HIGH-SPEED CONTROLLER AREA NETWORK (CAN) TRANSCEIVERS

SLRS048A — MAY 1988 — REVISED AFPRIL 2060

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T

Logic supply voltage, Vg (see NOte 1) .. ouviniinaae e 7V
BUS 1EMMHNGE VORAGE .« o e« veeeeenmtssae e bt n oot s oo —ZV 020V
Input current at TX and ASC Herminal, 1] ... oooooreeenmne e e EOmA
Input yoltage at TX and ASCHRMINGL Vi o vveveiie e 2xVpoo
Operating free-air temperature range, T, SNESLBCO31, SNBSLBCO31Q ...t —40°C t0125°C

' ' SN7SLBCO31T . ~40°C to 85°C
Operating juncation range, Ty .. ..o ouueaan i ornre o —40°C tc 150°C
Continuous total power dissipation at {or below) 25°C free-air temperature .. See Dissipation Rating Table
Storage temperature range, Tgrg « -« -verreerssrnrm s —65°C to 150°C
Gase temperature for 10 sec Tg, D package ... . cccooovroorr e 250°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operaticn of the device at these or any other conditions beyond those indicated under “recommended operating cenditions” Is nict
implied. Exposure ta absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: Al voltage values, except differential bus voltage, are measured with respect to GND.

DISSIPATION RATING TABLE

PACKAGE Ta <25°C OPERATING FACTOR T =125°C
POWER RATING ABOVE T¢ = 25°C POWER RATING
0 725 MW 5.8 MWIC 145 W
DISSIPATION DERATING CURVE
Vs
FREE-AIR TEMPERATURE

1200 | —
z ; Te = 25°C
2 :
: 1000 \‘ \ !
| =1 l B ;
2 \\P= 8.8 mWIC | |
o ! !
7 R L
% 800 < | |
5 ! i
g N ™. |
3 500 <]
E s \

4 =
s p=s8mwWrC N | N
E 400 =
%
L] '
= 200 : o ™~
\ | ™~
&£ T .
L |

0
25 135 45 55 65 75 85 95 105 115 125
Ta— Free-Air Temperature — °C

Figure 1




N65LBC031, SN65LBC031Q, SN75LBCO31
{IGH-SPEED CONTROLLER AREA NETWORK (CAN) TRANSCEIVERS

LRS048A — MAY 1993‘— REVISED APRIL 200C
——

.

ecommended operating conditions

MIN NOM MAX | UNIT
Logic supply voltage, VCC 45 5 55 Voo
Voltage at any bus terminal (separately or common mode}, V) or V|¢ {see Note 3) -2 700NV
High-tevel input vottage. ViH ™ 2 Voo Vo
Low-level input voltage, Vi 7= C. W
. n Transmiiter -850 mA
High-level output current, I0H —
R . Receiver -400 wh
" e Transmitter 50
Low-level output current, 1oL - mA
Receiver 1
) . | SN75LBCO31 —40 85
Qperating free-air temperature, Ta, ROTE
SNBSLBCO31, SNE5SLBCO31Q —40 125 i

NOTES: 2. Allvoltage vaiues, except differential bus voitage, are measured with respect to the ground terminat.
3. For bus voltages from -5 V t¢ _2V and 7 V to 20 V the receiver output is stable.

. SYMBOL DEFINITIGN
DATA SHEET PARAMETER DEFINITION

-VO{CANHR) CANH bus output voitage (recessive state)
VO(CANLR) CANL bus output voltage ({recessive state)
VO{CANHD) CANH bus output voltage (dominart state)
VO(CANLD) CANL bus output veitage {dominant state)
VO(DIFER) Bus differential cutput voltage (recessive state)
; ‘ VO(DIFFD) Bus differential output voltage (dominant state)
‘Vi(ASC) Agjustable slope control input voltage

electrical characteristics over recommended ranges of supply voltage and operating free-air

temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VO(REF) Reference source output voltage IREF = 20 A 0.45Vee 0.35v¢e | i
RO(REF) Reference source output resistance 5 10 |
| Logic supply current, recessive state 1220 !
CC{REC) g. ey - - See Figure 2. S1 closed i — — A
ICC(OOM) Logic supply current, dominant state |— 55 a0




SN65LBC031, SN65LBC031Q, SN75LBC031
HIGH SPEED CONTROLLER AREA NETWORK (CAN) TRANSCEIVERS

SLRS048A — MAY 1998 — REVISED APRIL 2000

transmitter electrical characteristics over recommended ranges of supply and operating free-air
temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
VO(CANHR) Output voltage (recessive state) ) 2 0.5Vee 3 i
VO(CANLR} See Figure 2,  S1open
VO(DIFER) Differential output voltage (recessive state} -500 0 59 mV
VO(CANHD) Qutput voltage (dominant state) 2.75 35 4.5
VOICANLDY Qutput voltage (dominant state) See Figure 2, 51 closed 0.5 1.5 225 J
VO(DIEFD) Differential output voltage (dominant state) 15 2 3 :
NH(TX) I High-level input current (TX) ViH=24y 10 1% A :
- VIH=VCe =2 '
WH(ASC) ~  High-level input current (ASC) ViHz 24V 100 5 A
VIH= Ve 200 340 ‘
LTX) Low-level input current {TX) Vi =04V 180 400 uA
L(ASC)  Low-levelinput current (ASC) V| =04V “5 25| LA
CHTX) X input capacitance . 3 nF
0fssH) -+ \GANH short cireuit output current VO(CANH) = 2 Ve 20V -85 =200 % mA
10{ssl) CANL short circuit output current VO(CANL) =20V 10 -2V 140 250 mA

NOTE 2: All voltage values, except d;ﬁeremlal bus voltage, are measured with respect to the ground termi ral.

transceiver dynamic characteristics over recommended operating free-air temperature range anc
Ve =5V

PARAMETER TEST CONDITIONS MIN  TYP MAX i UNIT
See Figures 2and 3,  Vjasc) =0V or open circuit, o .
) 51 closed, $2 open we. ®
Yoop) Loop time - :
See Figures 2 and 3,  Vi(asc) = VCe. o e
$1 closed, 52 ciosed - "
‘ See Figures 2and 4,  V|(ag¢) = 0 oropen circuit, =
SRiRD Differentiai-output slew rate S1 closed, S2 open "
(RD) (recessive to dominant) See Figures 2 and 4, VI(ASC} =Vece.
S1 closed, §2 closed s
See Figures 2 and 4,  V)(ASC) = C or open cireulit, - s
SRIOR Differential-output stew rate 1 closed, 52 open '
(DR) (dominant to recessive) See Figures 2 and 4,  Viasc) = Voo . .
' $1 closed, 52 closed - ST
4(RD) . . . . 35 ns
Differential-output delay time See Figure 2, S1 ciosed —
4(DR} : 180 ns
t Recei ] <o rs
nd(RECRD) 1i;:(: iver propagation delay See Figures 2 and 5 - E
Ipd(RECDR) z5 ns

NOTE 4: Receiver input pulse width should be >50 ns. input pulses of <30 ns are suppressed.
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receiver electrical characteristics over recommended ranges of common

supply voltage, and operating free-air temperature (unless otherwise noted)

-mode input voltage,

PARAMETER TEST CONDITIONS MIN TYP MAX [ UNIT
VIT(REC) Differential input threshald voltage for recessive state y Vi TV 500
= - o] et
ViTpowmy _ Differential input threshold voitage for dominant state Ic 800
Vhys Recessive-dominant input hysteresis 100 180 Y
" VO(DIFF) = 500 mv, - o :
VOH(RX) High-leve! cutput voltage iop = 400 uA Veg-05V Voo .
1
. . VO(DIFF) = 900 mV, - i
VOL(RX) Low-;evel output voltage loL = 1 MA 0 0.5
MREC) - CANH and CANL input resistance in recessive state dec, no load 5 5 %42
Differential CANH and CANL input resistance in recessive e
N{DIFF}) dc, no load 10 10C L)
state
Ci CANH and CANL input capacitance 20 oF
Ci{DHL) Differential CANH and CANL input capacitance 10 o=
NOTE 2: All voltage values, except differentiat bus voltage, are measured with respect o the ground terminal.
PARAMETER MEASUREMENT INFORMATION
S2
oo . . - Ve
? 60 (2 % 600
~ ASC ! CAMH
TX Input - 81 ' f
L— o0 VDIFF
l ;
i v CAML
| ;
[ e 1 L o"o—e— §
| Generator 56 pF J— 600 < 600 —== 56pF
(see-Note A) T _
T J - -
) | >0 RX Qurpus
= 15 pF

NOTE A The input pulse is supplied to T by a generator having a t and tf = 5 ns.

Figure 2. Test Circuit




SN65LBC031, SN65LBC031Q, SN75LBC031
HIGH-SPEED CONTROLLER AREA NETWORK (CAN) TRANSCEIVERS

SLRSO48A — MAY 1898 - REVISED APRIL 2000

" PARAMETER MEASUREMENT INFORMATION

. - ‘ av ‘

TX nput ' NF 15V —_ \ ' / 3V
. TX input c 1.5V
————— ov
| T e T IRY
_ f !. so%  JoH
RX Qutput 10% |

T——— VoL

} - ‘
|I‘_ _J§ l|4"" ticop
[ |

R

floop

Figure 3. Loop Time Figure 4. Slew Rate

NOTE A: The input pulse is supplied to ™ by a generator having a trand tf = 5ns.

VO(DIFF) 09V 0.5V

|

] |

_— 90%

RX Qutput | 10%
|

|
: |
—» @ HA(RECDR)

| i
tpd(REGRD) — ™ [

NOTE A: The input pulse is supplied as Vp|gF using CANH and CANL
respectively by a generator having a trand tf = 5ns.

| Figure 5. Receiver Delay Times

I [ e e
100 pF | Transient Source |
CANH E—* | {Schaffner Generator) i
| R{sourcg) !
00 ———va— |
100 pF | ey |
GANL o—f i T 'S |
| = |
b o e e et ———— -

Figure 6. Transient Stress Capability Test Circuit
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PARAMETER MEASUREMENT INFORMATION

Transient Magnitude

VS

NOTES: 5. Measured from 10% on rising edge to 10% on falling edge
6. Measured from 10% to 90% of pulse
7. Puise package for a period of 360C s, 10 ms puise time, 90 ms stop ime

;:._ Vs Time

o 90% — 1T ———

-

2

=

2]

o

= .

T

L2

w

=

o

[

L 40% —

P oV t—Time

Figure 7. Transient Stress Capability Waveform
Table 1. Test Circuit Results According to DIN 40839
‘TRANSIENT SOURCE PULSE WIDTH | PULSE RISE PULSE TIME, REPETITION NUMBER OF f
TEST PULSE | MAGNITUDE IMPEDANCE td TIME, { 9 PERIOD, t4 PULSES :
[ R 1Y RsOURCE (see Note 5} (see Note ) (see Figure 7) | (see Figure 7) he

1 100V 100 2ms 1us 200 ms 5% 500C
2 100V 100 50 us 1us 200 ms 58 5002
3a 150 V 50Q 0.1us Sns 100 us 100 us See Nowe 7
3b 100V 50 & 0.1us 5ns 100 us 100 us Sep Ne.e 7
5 60V 1Q 400 ms 5ms — —_
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APPLICATION INFORMATION

5V . L L r9 rou B o T —]_
(‘ T 100 nF
s =

12053
10 kQ2 & 10k Veo =
vee : i
TL77058 B8 |AsC CANH H— —3 ‘
7 . . |
SENSE % :
2 1 sN7sLBCO3 ‘
RESIN 5 = ‘ ;

. RESET 2 &

3 | GND CANL. T -
REF GND L { — . i
K R — T

= TX l - REF  RX 12842

’_EOML; 1 5 |4

CAN Microcontrolier

Figure 8. Typical SN75LBC031 Application
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SN75LBC031

NETWORK {CAN) TRANSCEIVERS

D (R-PDSO-G™)
14 PIN SHOWN

MECHANICAL DATA

PLASTIC SMALL-OUTLINE PACKAGE

0.050 {1,27)

0.020 {0,51)

|
"1 " 0.014(0,35)
' 8

0B gaAd

[ & [0.010(0,25) @]

|

_ 4

1

TEEBHE

!

0.244 {6.20)
0.228 (5,80}

0.157 (4,00)
0.150 (3,81)

- — A

0.069 {1,75) MAX

I
0.010 {0,25)

(=] 0.004 (0,10)

Seating Plane +
A

,20) NOM
| an
v 1

0.008 {0
!

. Gage Plarn/eJ

F |
¥ ;

3,004 (6,10)
PINS ** . ) j:
DIM |
| B | 65 | o
EAEIEIES

40400472 10/96

NOTES: A Alllinear dimensions are in inches {millimeters).

oo

Falls within JEDEC MS5-012

This drawing is subject to change without notice.
Body dimensions do not ingiude mold flash or protrusion, not to exceed 0.006 (0.1 )
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_ Introduction to the Controller Area Network (CAN)

Steve Corrigan HPL

ABSTRACT

A controller area network (CAN) is ideally suited to the many high-level industrial protocels
embracing CAN and ISO 11898 as their physical layer. Its cost, performance, and
upgradeability provide for tremendous flexibility in system design. This paper presents a brief
introduction to the CAN operating principles, the implementation of a basic CAN bus using
Texas Instrument’s CAN transceivers and DSPs, and a discussion of the robust error
detection and fault confinement mechanisms. Some of the properties of CAN, especiaily
relating to the electrical layer and features of transceiver products, are then discussed at &
tutorial level. ‘
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1  Introduction

The CAN bus was developed by BOSCH1 as a multi-master, message broadcast system that
speéiﬁes a maximum signaling rate of 1M bit per second (bps). Unlike a traditional network such
as USB or Ethernet, CAN does not send large blocks of data point-to-point from node A to node
B under the supervision of a central bus master. In a CAN network many short messages like
temperature or RPM are broadcast to the entire network, which allows for data consistency in
every node of the system.

This abplication report explains the CAN message format, message identifiers, and bit-wise
arbitration—a major benefit of the CAN signaling scheme. CAN bus implementaticn is examinec
and typical waveforms are presented.

2 The CAN Standard

CAN is an International Standardization Organization (ISO) defined serial communications cus
originally developed for the automotive industry to replace the complex wiring harness with a
two-wire bus. The specification calis for signaling rates up to 1 Mbps, high immunity to electrical
interference, and an ability to self-diagnose and repair data errors. These features have led to
CAN's popularity in a variety of industries including automotive, marine, medical, manufacturing,
and aerospace. '

The CAN communications protocol, ISO 11898, describes how information is passed between
devices on a network, and conforms to the Open Systems interconnection (OSI} model thatis
defined ir terms of layers. Actual communication between devices connected by the physica:
medium is defined by the physical layer of the modet. The ISO 11898 architecture defines the
lowest two layers of the seven layer OSI/ISO model as the data-link layer and ohysica! fave™ i

Figure 1.
tH . E _____
BSP :
Application Layer or
‘ Controller
. Logic Link Contrel
Dal.t:-l:rn " Embedded
¥ Medium Access Control CAN CAN Gontroller,
Controller Embedded or Separate

Physical Signaling
Physical v *

Layer -Physpal Medium Attchment ! Electrical Specifications:
' CAN Transceivers, Connectors,
Medium Dependant Interface Transceiver
) i Cable
CAN Bus-Line |
iSO 11898 Specification implementation

Figﬁre 1. The Layered ISO 11898 Standard Architecture

1 Robert Bosch GmbH, www.bosch.com
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3.1
3.1.1

In Figure 1, the application layer establishes the communication link to an upper-level
application specific protocol such as the vendor independent CANopen protocol. This protocol ‘s
supported by the international users and manufacturers group, CAN in Automation {CiA).
Additional CAN information is located at the CiA website, can-cia.de. There are many similar
emerging protocols dedicated to particular applications like industrial automation or aviation.
Examples of industry-standard CAN-based protocols are KVASER’s CAN Kingdom,
Allen-Bradley's DeviceNet™ and Honeywell's Smart Distributed System (SDS™),

Standard CAN or Extended CAN

The CAN communication protocol is a carrier-sense multiple-access protocol with collision
detection and arbitration on message priority (CSMA/CD+AMP). CSMA means that each noce
on a bus must wait for a prescribed period of inactivity before attempting to send a message.
CD+AMP means that collisions are resolved through a bit-wise arbitration, based upon a
preprogrammed priority of each message in the identifier field of a message. The higher pricrizy
identifier always wins bus access.

The first version of the CAN standards listed in Table 1, SO 11519 (Low-Speed CAN) is for
applications up to 125 kbps with a standard 11-bit identifier. The second version, ISO 11898
(1993), also with 11-bit identifiers provides for signaling rates from 125 kbps to 1 Mbps while the
more recent ISO 11898 amendment {1995) introduces the extended 29-bit identifier. The ;5T
11898 11-bit version is often referred to as Standard CAN Version 2.0A, while the ISO 11898
amendment is referred to as Extended CAN Version 2.0B. The Standard CAN 11-bit identifie-
field in Figure 2 provides for 211, or 2048 different message identifiers, while the Extended C2A
29-bit identifier in Figure 3 provides for 222, or 537 millicn identifiers.

Table 1. CAN Versions

NOMENCLATURE STANDARD MAX. SIGNALING RATE IDENTIFIER

Low—Speed CAN 1SO 11519 125 kbps 11-bit
CAN 2.0A 1SO 11898:1993 1 Mbps 11-bit
CAN 2.0B 1SO 11898:1995 1 Mbps 29-bit

The Bit Fields of Standard CAN and Extended CAN
Standard CAN

s| , R .- E|) |
o 41-Bit Identifier T ACK |O|F
F ' R. | |F|s|

Figure 2. Standard CAN: 11-Bit identifier

The meaning of the' bit fields of Figure 2 are:

s SOF—The single dominant start of frame (SOF) bit marks the start of a messace. and 's
used to synchronize the nodes on a bus after being idle.

e |dentifier—The Standard CAN 11-bit identifier establishes the priority of the message. Te
lower the binary value, the higher its priority.
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3.1.2

RTR—The single remote transmission request (RTR) bit is dominant when information is
required from another node. All nodes receive the request, but the identifier determines the
sbeciﬁed node. The responding data is also received by all nodes and used by any node
interested. In this way all data being used in a system is uniform.

iIf)E—A dominant single identifier extension (IDE) bit means that a standard CAN identifier
with no extension is being transmitted.

r0—Reserved bit (for possible use by future standard amendment).

DLC—The 4-bit data length code (DLC) contains the number of bytes of data 2eing
transmitted.

Data—Up to 64 bits of application data may be transmitted.
CRC—The 16-bit (15 bits plus delimiter) cyclic redundancy check (CRC) contains the

~ checksum (number of bits transmitted) of the preceding application data for error detection.

ACK—Every node receiving an accurate message overwrites this recessive bit in the original
message with a dominate bit, indicating an error-free message has been sent. Shouid a
receiving node detect an error and leave this bit recessive, it discards the message and the
sending node repeats the message after rearbitration. In this way each node acknowledges
(ACK) the integrity of its data. ACK is 2 bits, one is the acknowledgement bit and the seconc
is a delimiter.

. EOF--This end-of_-frarhe (EQOF) 7-bit field marks the end of a CAN frame (message) anc
disables bit-stuffing, indicating a stuffing error when dominant. When 5 bits of the same logic

level occur in succession during normal operation. a bit of the opposite logic level ‘s stutfec
into the data.

IFS—This 7-bit inter-frame space (IFS) contains the amount of time required 2y the

:controller to move a correctly received frame to its proper position in a message buffer area.

Extended CAN

Figure 3. Extended CAN: 29-Bit Identifier

As shown in Figure 3, the Extended CAN message is the same as the Standard message Wit
the addition of:

SRR—-—The substitute remote request (SRR) bit replaces the RTR bit in the standarc

. message location as a placeholder in the extended format.

IDE—-A recessive bit in the identifier extension (IDE) indicates that there are more identifier
bits to follow. The 18-bit extension follows IDE.

ri—Following the RTR and r0 bits, an additional reserve bit nas been included aheac of the
DL.C bit.
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4

4.1

A CAN Message

Arbitration

A fundamental CAN characteristic shown in Figure 4 is the opposite logic state between the bus,
and the driver input and receiver output. Normally a logic high is associated with a one, and a
logic low is associated with a zero—but not so on a CAN bus. This is why it is desirable tc have
the driver input and receiver output pins of a CAN transceiver passively pulied high internally. as
in the SNB5HVD230. In the absence of any input, the device automatically defaulis to a
recessive bus state on all input and output pins.

ANH
p= 101 D_Gl>l;~——:! c m
‘ {1 CANL
_ : ‘ 1 o 1
R=101 —(X Recessive Dominant Recessive

.Figure 4. The inverted Logic of a CAN Bus

Bus access is event-driven and takes place randomly. If two nodes try to occupy the bus
simultaneously, access is implemented with a nondestructive, bit-wise arbitration.
Nondestructive means that the node winning arbitration just continues on with the message.
without the message being destroyed or corrupted by arother node.

The allocation of priority to messages in the identifier is a feature of CAN that makes it
particularly attractive for use within a real-time control environment. The lower the b'nary
message identifier number, the higher its priority. An identifier consisting entirely of zeros is ire
highest priority message on a network since it holds the bus dominant the longest. Therefore, 1
two nodes begin to transmit simultaneously, the node that sends a zero (dominant) while the
other nodes send a one (recessive) gets control of the CAN bus and goes on to complets s
message. A dominant bit always overwrites a recessive bit on a CAN bus.

Note that a node constantly monitors its own transmission. This is the reascn for the transceve”
configuration of Figure 4 in which the CANH and CANL output pins of the driver are internaliv
tied to the receiver's input. The propagation delay of a signal in the internal loop from the ariver
input to the receiver output is typically used as a qualitative measure of a CAN transcelver. ~~'s
propagation delay is referred to as the loop time (t gop In @ Tl data sheet), but takes oo varied
nomenclature from vendor to vendor.

Figure 5 displays the arbitration process. Since the nodes continuously monitor their cw:
transmissions, when the node B recessive bit is overwritten by node C’s higher prio-ity comiran?
bit, B detects that the bus state does not match the bit that it transmitted. Therefore, noce £
halts transmission while node C continues on with its message. Another attempt fo transit
message is made by node B once the bus is released by node C. This functionality is partof o
ISO 11898 physical signaling layer, which means that it is contained entirely within the C.an
controller and is completely transparent to a CAN user.




‘E? TexAs

1

INSTRUMENTS SLOATGT
C Wins B Wins
Arbitration Arbitra\tion
NodeC ___ ! { \
Transmits f | \
Node B :i : _ |
oo Transmits oo
i f
CAN Bus -—"“"-'; h s . I
. i i 3

42

Figure 5. Arbitration on a CAN Bus

The allocation of message priority is up to a system designer, but industry groups mutuaily agree
upon the significance of certain messages. For example, a manufacturer of motor drives may
specify that message 0010 is a winding current feedback signal from a motor on a CAN network
and that 0011 is the tachometer speed. Since 0010 has the lowest binary identifier, messages
relating to current values always have a higher priority on the bus than those concerned with
tachgmeter readings.

In the case of DeviceNetT™, devices from many manufacturers such as proximity switches and
temperature sensors can be incorporated into the same system. Since the messages generated
by DeviceNet sensors have been predefined by their professional association, the Open
DeviceNet Vendors Association (ODVA), a certain message always relates to the specific tvpe =f
sensor such as temperature, regardless of the actual manufacturer.

Message Types

There are four different message types, or frames (Figures 2 and 3) that can be transmitied 07 &
CAN bus: the data frame, the remote frame, the error frame, and the overload frame. A
message is considered to be error free when the last bit of the ending EOF field of a message 's
received in the error—free recessive state. A dominant bit in the EOF field causes the ‘ransmitier
to repeat a transmission.

4.2.1 - The Data Frame

The data frame is the most common message type, and is made up by the arbitration fieid, the
data field, the CRC field, and the acknowledgement field. The arbitration field determines the
priority of a message when two or more nodes are contending for the bus. The arbitraticr field
contains an 11-bit identifier for CAN 2.0A in Figure 2 and the RTR bit, which is dominant ‘er dzla
frames. For CAN 2.0B in Figure 3 it contains the 28-bit identifier and the RTR biz. Next is the
data field which contains zero to eight bytes of data, and the CRC fisid which centains the 16-0%
checksurn used for error detection. Lastly, there is the acknowiedgement field. Any CAN
controller that is able to correctly receive a message sends a dominant ACK bit that overwrites
the transmitted recessive bit at the end of correct message transmission. The transmitier checks
for the presence of the dominant ACK bit and retransmits the message if nc acknow:edgs &8
detected.
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42.2 The Remote Frame .

The intended purpose of the remote frame is to solicit the transmission of data from another
node. The remote frame is similar to the data frame, with two important differences. First, this
type of message is explicitly marked as a remote frame by a recessive RTR bit in the arbifration
field, and secondly, there is no data.

4.2.3 The Error Frame

The error frame is a special message that violates the formatting rules of a CAN message. It s
transmitted when a node detects an error in a message, and causes all other nodes in the
network to send an error frame as well. The original transmitter then automatically retransmits
the message. There is an elaborate system of error counters in the CAN controller which
ensures that a node cannot tie up a bus by repeatedly transmitting error frames.

|
4.2.4 The Overload Frame

The overload frame is mentioned here for completeness. It is similar to the error frame with
regard to the format, and it is transmitted by a node that becornes too busy. It is primarily usec to
provide for an extra delay between messages.

4.3 Error Checking and Fault Confinement

The robustness of CAN.may be attributed in part to its abundant error checking procedures. The
CAN protocol incorporates five methods of error checking: three at the message level and twc at
the bit level. If a message fails with any one of these error detection methods, it is not accepted
and an error frame is generated from the receiving nodes, causing the transmitting node "¢
resend the message until it is received correctly. However, if a fauity node hangs up a bus by
continuously repeating an error, its transmit capability is removed by its controller after a- arer
fimit is reached.

At the message level are the CRC and the ACK slots displayed in Figures 2and 3. The 16-bt
CRC contains the checksum of the preceding application data for error detection with a 15-Ct
checksum and 1-bit delimiter. The ACK field is two bits long and consists of the acknowladge bit
and an acknowledge delfimiter bit. Finally, at the message level there is a form checx<. Tris chec<
looks for fie!ds in the message which must always be recessive bits. If a dominant kit s
detected, an error is generated. The bits checked are the SOF, EOF, ACK delimiter. anc e
CRC delimiter bits..

At the 'bit leve! each bit transmitted is monitored by the transmitter of the message. if a cata 2t
(not arbitration bit) is written onto the bus and its opposite is read, an error is generated. The
only exceptions to this are with the message identifier field which is used for arbitralion, anc he
acknowledge slot which requires a recessive bit to be overwritten by a dominant bit. The Tirz.
method of error detection is with the bit stuffing rule where after five consecutive bits of the same
logic level, if the next bit is not a compiiment, an error is generated. Stuffing ensures rising
edges available for on-going synchronization of the network, and that a stream of recessive ='ts
are not mistaken for an error frame, or the seven-bit interframe space that signifies the end e
message. Stuffed bits are removed by a receiving node’s controller before the deta is ferwe-cac
to the application.
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With this logic, an active error frame consists of six dominant bits—violating the bit stuffing ruie.
This is interpreted as an error by all of the CAN nodes which then generate their own error
frame. This means that an error frame can be from the original six bits to twelve bits long with all
the replies. This error frame is then followed by a defimiter field of eight recessive bits anc a bus
idle period before the corrupted message is retransmitted. It is important to note that i=e
retransmitted message still has to contend for arbitration on the bus.

5 The CAN Bus

The data link and physical signaling layers of Figure 1, which are normally fransparenitc a
system operator, are included in any controlier that implements the CAN protocol, such as Texas
Instruments’ TMS320LF2407 3.3-V DSP with integrated CAN controller. Connection to the
physical medium is then implemented through a line transceiver such as TV's SNE5HVD230
3.3.\/ CAN transceiver to form what the IS0-11898 standard refers to as an electronic control
unit (ECU) in Figure 6.

o -
| Electronic Control Unit (ECU) :
' !
= TMS320LF2407A g
| !
I CAN-Controller %
i CANTX/IOPC6 _ CANRX/IOPCT ; !
| ¢ ‘|‘ |
| !
| D R !
| SNESHVD230 ;
| B 4 |
S B I i

CANH | CANL
< : —p
i
! CAN Bus—Line
< Y. —»

Figure 6. Details of an Electronic Control Unit

Signaling is differential which is where CAN derives its robust noise immunity and faiit
tolerance. Balanced differential signaling reduces noise coupling and allows for high signaling
rates over twisted-pair cable. Balanced means that the current flowing in each signai iine 's
equal but opposite in direction, resulting in a field-canceling effect that is a key to low ncise
emissions. The use of balanced differential receivers and twisted-pair cabling enharce the
common-mode rejection and high noise immunity of a CAN bus.

The two signal lines of the bus, CANH and CANL, in the quiescent recessive state, are assively
biased to = 2.5 V. The dominant state on the bus takes CANH ~ 1 V higher to = 3.5 v, and ta<as
CANL = 1V lower to = 1.5 V creating a typical 2-V differential signal as displayed in Fig..

ra 7
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" Figure 7. CAN Dominant and Recessive Bus States of the SN65SHVD230

The CAN standard defines a communication network that links all the nodes connecied 10 & DUS
and enables them to talk with one another. There may or may not be a central control nede, and
nodes may be added at any time, even while the nefwork is operating (hot-plugging).

The nodes could theoretically be sending messages from smart sensing technolegy and a meicr
controller. An actual application may include a temperature sensor sending out a temperature
update that is used to adjust the motor speed of a fan. If a pressure sensor node wants 0 send
a message at the same time, arbitration assures that the message is sent. For instence, Noze A
in Figures 8 and 9 finishes sending its message as nodes B and C acknowledge a correct
message being received. Nodes B and C then begin arbitration—node C wins the erbitration anc
sends its message. Nodes A and B acknowledge C's message, and node B then coniinues ¢~
with its message. Again note the opposite polarity of the driver input and output on the tis.
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5.1
5.1.1

5.1.2

CAN Transceiver Features

Supply Voltage

Most CAN transceivers like the SN6SHVD251 require a 5-V power supply to reach the sigral
levels required by the ISO 11898 standard. By superior attention to high-efficiency circuit design,
the Texas Instruments SN65HVD23x CAN transceiver family operates with a 3.3-V power
supply, and is fully interoperable with 5-V CAN transceivers on the same bus. This allows
designers to reduce total node power by 50% or more (Figure 10).

Power (mW)

200

150 |

100 |

50

: RGN !

3.3-V CAN 5-V CAN
Transceiver . Transceiver

0

Figure 10. 3.3-V CAN Transceiver Power Savings

For applications using 3.3-V technology, such as the Texas Instruments TMS320C240x ™ family
of DSPs with integrated CAN controllers, the need for a 5 V power supply can be eliminated. in
addition to the inherent power savings of using a 3.3-V transceiver, this lowers the overall part
count for the node, thereby reducing system cost and increasing system reliability.

For designers with an existing system design requiring a 5-V powered transceiver, the
SNB5HVD251 is available as an improved alternate for the commonly-used PCA82C250 anc
PCA82C251. While the '"HVD251 is a drop-in replacement for the ‘82C250 and '82C257, it o7ers
the additional features of higher ESD protection, shorter loop delay, and wider commor-rmoos
range.

High Short-Circuit Protection

The CAN standard recommends that a fransceiver survive hus wire short-circuits to each other,
to the power supply, and to ground. This ensures that transceivers are not damaged by ous
cable polarity reversals, cable crush, and accidental shorts to high power supplies. Whiie {~e
‘HVD23x can survive short-circuits to voltages in the range of -4 V to 16 V, the ‘HVD2z~
provides an extended short-circuit protection to voltages in the —36 V to 36 V range.

51.3  High ESD Protection

Static charge is an unbalanced electrical charge at rest, typically created by the physice: contact
of different materials. One surface gains electrons, while the other surface loses electrons. This
results in an unbalanced electrical condition known as a static charge. When a static charce
moves from one surface to another, it is referred to as an electrostatic discharge (ESD . 't car
occur only when the voltage differential between the two surfaces is sufficiently high tc >-ezx
down the dielectric strength of the medium separating the two surfaces.
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5.1.4

5.1.5

ESD can occur in any one of four ways: a charged body can touch an IC, a-charged IC can
touch a grounded surface, a charged machine can touch an IC, or an eiectrostatic field can
induce a voltage across a dielectric sufficient to break it down. It becomes readily apparent that
a high ESD rating not only indicates a robust transceiver, but a robust circuit design as weil.

While the earliest CAN transceivers on the market have only a 2 kV or 4 kV ESD maximum or.
the bus pins, the HVD2xx families of CAN transceivers have ESD ratings as high as 16 ©V on
the bus pins when tested in accordance with the human body model (HBM) of JEDEC
Standard 22, Test Method A114-A. With these ESD ratings, the Tl HVD2xx CAN transceivers
are much better suited to the harsh electrical environments of automotive and industrial
applications than the earlier transceiver versions of other vendors.

- Wide Common-Mode Range

Common-mode noise is the difference in potential between grounds of sending and receiving
nodes on a bus. This is often the case in the networked equipment typically found ir a CAN
application. Possible effects of this problem are intermittent reboots, lockups, bad daia transfer,
or physical damage to the transceiver.

Network interface cards, parallel ports, serial ports, and especially transceivers are prime targets
for some form of failure if not designed to accommodate high levels of ground roise and power
supply imbalance between typical CAN nodes.

With this in mind the ‘HVD230 family is designed to operate with complete safety over tre bus
voltage range of =2 V to 7 V required by the standard. However, ihe 'HVD251 extends tnis sa’e
operating range even farther with operation from -7 Vto 12 V.

Common-Mode Rejection

Common-mode noise of varied magnitudes exists within the networks associated with CAN
applications. Noise from pulsing motor controliers, switch-mode power supplies, or fror
fluorescent lighting are the typical sources of noises that couple onto bus lines (displayec i~
Figure 11). :
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5.1.6

5.1.7

5.1.8
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Figuire'ﬂ. Common-Mode Noise Coupled onto 4 Twisted-Pair Bus Lines

A CAN transceiver not specifically designed to reject this coupled noise can respond ic
common-mode noise as if it were data on a bus and send meaningless data to a controiler. “he
‘HVD23x and ‘HVD251 are specifically designed and tested for their ability to reject this
common-mode noise.

High Input Impedance

A high bus input impedance increases the number of nodes that can be added to a bus atove
the standard’s 30 nodés. The high impedance restricts the amount of current that a receiver
sinks or sources onto a bus over common-mode voitage conditicns. This ensures that a driver
transmitting a message into such a condition is not required to sink or source an excessive
amount of current from the sum of the receiver currents on the bus.

Controlied Driver Output Transition Times

Controlling driver output slew-rate dampens the rise-time of a dominant bit to improve signa:
quality and provides for ionger stub lengths and a better bit-error rate.

Low Current Standby and Sleep Modes

Many applications are looking to lower-power opportunities as more electronics are adgdec 1@
designs. The standby mode of the ‘HVD230 is generally referred to as the listen cnly mods.
since in standby, the ‘HVD230's driver circuitry is switched off while the receiver continues o
monitor bus activity. In the occurrence of a dominant bit on the bus, the receiver passes ths
informaticn along to its DSP/CAN controller which in turn activates the circuits *hat are I»
standby. :

The difference between the ‘HVD230 and ‘HVD231 is that both driver and receiver circuils can
be switched off in the ‘HVD231 to create an extremely low-power sleep mode.
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5.1.9 Thermal Shutdown Protection

- Another desirable safety feature for a CAN transceiver is the thermal shutdown circuitry of the
‘HVD23x and ‘HVD251. This feature protects a device against the destructive currents and
resulting heat that can occur in a short—circuit condition. Once thermal shutdown is activated,
the dewce remains shut down until the circuitry is allowed to cool.

5.1.10 Ghtch Free Power Up and Power Down

Thls feature provides for hot—plugging onto a powered bus without dlsturbmg the network. The
‘HVD23x's and ‘HVD251's driver and receiver pins are passively pulled high internaily while the
bus pins are biased intemnally to a high-impedance recessive: state. This provides for a power-up
into a known recessive condmon without disturbing ongoing bus commumcahon

5.1.11 Unpowered Node Does Not Disturb the Bus

Several CAN transceivers on the market today have very low output impedance when
un—powered. This low impedance causes the device to sink any signal present on the bus and
shuts down all data transmission. The ‘HVD23x and ‘HVD251 have a very high output
impedance in powered and unpowered conditions, and maintain the integrity of the bus when
power or ground is removed from the circuit.

5.2 The Relationship Between Bus Length and Signaling Rate

The basics of arbitration require that the front wave of the first bit of a message travel ic the
most remote node on a network and back again before the bit is designated by the receiver ¢
the sending node as dominant or recessive (typically this sample is made at about two— hlrus
the bit width). With this limitation, the maximum bus length and signaling rate are determined v
networl parameters. .

Factors to be considered in network design include the = 5 ns/m propagation delay of typica
twisted-pair bus cable, signal amplitude loss due o the loss mechanisms of the cabie, and the
input impedance of the bus transceivers. Under strict analysis, variations among the differert
oscillators in a system also need to be accounted for with adjustments in signaling rate and v
length. Maximum signaling rates achieved with the SN65HVD230 in high-speed mcde ./ 7
several bus lengths are listed in Table 2.

Table 2. Maximum Signaling Rates for Various Cable Lengths

BUS LENGTH SIGNALING RATE ::
(m) (kbps) |
30 1000 k
100 500 ;
250 250
500 125
1000 52.5

The 1SO 11898 standard specifications are given for a maximum bus length of 40 r and
maximum stub length of 0.3 m with a maximum of 30 nodes. However, with carefui desgr,
longer cables, longer stub lengths, and many more nodes can be added to a bus-—always wiln &
trade-off in signaling rate. A transceiver with high input impedance such as | the FVD230 s
needed to increase the number of nodes on a bus.
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The cable is specified to be a shielded or unshielded twisted-pair with a 120-Q2 characteristic
impedance (Zo). The standard defines the interconnection to be a single twisted-pair cable. The
interconnection is terminated at both ends with a resistor equal to the characteristic impedance
of the line to prevent signal reflections. Nodes are then connected to the bus with unterminated
drop cables, or stubs, which should be kept as short as possible to minimize signal reflections.

Connectors, while not specified by the standard should not affect standard operating parameters
such as the minimum VOD. Although unshielded cable is used in many applications, data
transmmission circuits employing CAN transceivers are used in applications requiring a rugged
interconnection with a wide common-mode voltage range. Therefore, shielded cablz is
recommended in these electronically harsh environments, and when coupled with the stancard’s
-2V to 7 V common-mode range of tolerable ground roise, helps to ensure data irtegrity.

6 Conclusion

CAN is ideally suited in applications requiring a high number of short messages in a short period
of time with high reliability in rugged operating environments. Since CAN is message based and
not address based, it is especially suited when data is needed by more than one lccation &~ ¢
system-wide data consistency is mandatory.

Fault confinement is also a major benefit of CAN. Fauity nodes are automatically dropped from
the bus, which prevents any single node from bringing a network down, and assures that
bandwidth is always available for critical message transmission. This error containment alsc
allows nodes to be added to a bus while the system is in operation, otherwise knGwr: 22
hot-plugging.

The many features of the ‘HVD23x and ‘HVD251 make them ideally suited for the many rugged
applications to which the CAN protocol is being adapted. Among the applications findirg
solutions with CAN are automobiles, trucks, trains, busses, airplanes, and agricuiture,
construction, mining, and marine vehicles. CAN-based controi systems are being usec = fzstory
and building automation and embedded control systems for machines. medical devices.
domestic appliances and many other applications.

7  Additional Reading

1. -Controller Area Network, Basics Protocols, Chips and Applications; Dr. Konrad
Etschberger; ISBN 3-00-007376-0 (www.ixxat.com)

2." CAN Systems Engineering, From Theory to Practical Applications; Wolfhard Lawrenz.
1SBN 0-387-94939-9
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151 Introduction

15.2 Features

Section 15. Monitor ROM (MON)

This section describes the monitor ROM (MON) and the monitor mode eniry
methods. The monitor ROM allows complete testing of the microcontrolier unit
(MCU) through a single-wire interface with a host computer. Monitor mode entry
can be achieved without use of the higher test voltage, Vygt, as iong as vector
addresses $FFFE and $FFFF are blank, thus reducing the hardware requirements
for in-~circuit programming.

Features of the monitor ROM include:
-+ Normal user-mode pin functicnality

= One pin dedicated to serial communication between monitor read-only
memory (ROM) and host computer

+ Standard mark/space non-return-to-zero (NRZ) communicatior: with hos:
computer

+ Standard communication baud rate (7200 @ 8-MHz crystal frecuency)
»  Execution of code in random-access memory (RAM) or FLASE

«  FLASH memory security feature("’

«  FLASH memory programming interface

+ 350 bytes monitor ROM code size (SFE20 to $FF7D)

« . Monitor mode entry without high voltage, Vygy, if reset vector 's pienk
($3FFFE and $FFFF contain $FF)

- Norma! monitor mode entry if high voltage is applied to IRQ

15.3 Functional Description

Figure 15-1 shows a simplified diagram of the monitor mode.

The monitor ROM receives and executes commands from a hos: computer.
Figure 15-2 and Figure 15-3 show example circuits used to enter moniter moce
and communicate with a host computer via a standard RS-232 interfaze.

1. No security feature is absolutely secure. However, Motorcla's strategy is 10 make rzacng or
copying the FLASH difficult for unautherized users.
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Figure 15-1. Simplified Monitor Mode Entry Flowchart
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Data Sheet

Simple monitor commands can access any memory address. In monitor mode. ine
MCU can execute code downloaded into RAM by a host computer while most MCU
pins retain normal operating mode functions. All communication between the host
computer and the MCU is through the PTAO pin. A level-shifting and muitiplexing
interface is required between PTAQ and the host computer. PTAO is used i &
wired-OR configuration and requires a pullup resistor.

Table 15-1 shows the pin conditions for entering monitor mode. As specified in the
table, monitor mode may be entered after a power-on reset (POR) and will zllow
communication at 7200 baud provided one of the foliowing sets of conditions s
met:
« If $FFFE and $FFFF does not contain $FF (programmed state):
— The external clock is 4 MHz (7200 baud)
— PTB4=low
— IRQ=Vrgr
» If $FFFE and $FFFF do not contain $FF {programmed state
—  The external clock is 8 MHz (7200 baud)
— PTB4 =high
— IRQ=VysT
» If $FFFE and $FFFF contain $FF (erased state):
— The external clock is 8 MHz (7200 baud)

- IRQ = Vpp (this can be implemented through the interna IRG ou 'uD)
.0rVgg

Enter monitor mode with pin configuration shown in Table 15-1 by pulling RST low

and then high. The rising edge of RST iatches monitor mode. Once monitor mode
is latched, the values on the specified pins can change.

Once out of reset, the MCU waiits for the host to send eight security bytes (see
15.4 Security). After the security bytes, the MCU sends a break signal {1C
consecutive fogic 0s) to the host, indicating that it is ready to receive a commanc,

MCBBHCE08GZ18
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Monitor ROM (MON)

15.3.1 Normal Monitdr Mode

If Vrs7 is applied to IRQ and PTB4 is low upon monitor mode entry, the bus
frequency is a divide-by-two of the input clock. If PTB4 is high with Vg1 applied to
TRQ upon monitor mode entry, the bus frequency will be a divide-by-four of the
input clock. Holding the PTB4 pin low when entering monitor mode causes a
bypass of a divide-by-two stage at the oscillator only if Vg7 is applied to IRQ. In
this event, the CGMQUT frequency is equal to the CGMXCLK frequency, and the
OSC1 input directly generates internal bus clocks. in this case, the OSC1 sigral
must have a 50% duty cycle at maximum bus frequency.

When monitor mode was entered with Vgt on IRQ, the computer operating
properly (COP) is disabled as long as Vg7 is applied to either IRQ or RST.

This condition states that as long as Vg7 is maintained on the IRQ pin after
entering monitor mode, or if Vrgr is applied to. RST after the initial reset o get into
monitor mode (when Vgt was applied to IRQ), then the COP will be disabled. Ir
the latter situation, after Vgt is applied to the RST pin, Vg7 can be removed from
the IRQ pin in the interest of freeing the TRQ for normal functionality i~ mznitcr
mode.

15.3.2 Forced Monitor Mode

NOTE:

If entering monitor mode without high voltage on IRQ, then ail port B pir
requirements and conditions, including the PTB4 frequency divisor selection, are
not in effect. This is to reduce circuit requirements when performing in-cireuit
programming.

If the reset vector is blank and monitor mode is entered, the chip will see an
additional reset cycle after the initial power-on reset (PFOR). Onice the resst vector
has been programmed, the traditional method of applying a voitage, /< to IRQ
must be used to enter monitor mode.

An external oscillator of 8 MHz is required for a baud rate of 7200, as ths internz|
bus frequency is automatically set to the external frequency divided oy four.

When the forced monitor mode is entered the COP is always disabled regardless
of the state of IRQ or RST.

15.3.3 Monitor Vectors

in monitor mode, the MCU uses different vectors for reset, SWi (software interrupt;,
and break interrupt than those for user mode. The alternate vectors are ir the SFE
page instead of the $FF page and ailow code execution from thz interng monitor
firmware instead of user code.

Table 15-2 summarizes the differences between user mode ard monitor mods.



Table 15-2. Mode Differences

tMoniter ROM (MON)
Functional Description

Functions
Modes Reset Reset Break Break Swi SWi
' Vector High | Vector Low | Vector High | Vector Low | Vector High | Vector Low
User $FFFE $FFFF $FFFC SFFFD SFFFC 3FFFD
‘Monitor $FEFE $FEFF $FEFC SFEFD $FEFC $FEFD

15.3.4 Data Format

Communication with the monitor ROM is in standard non-return-to-zero (N RZ)
mark/space data format. Transmit and receive baud rates must be identical.

i
\ START o
_BT

AN D ER {82 ¥ BITs f BiT4 J 85 f 8we Y miry s7CP |

Figure 15-4. Monitor Data Format

15.3.5 Break Signal

A start bit (logic 0) followed by nine logic 0 bits is a break signal. 'Nher the monitor
receives a break signal, it drives the PTAO pin high for the duration of twe bits and
then echoes back the break signal.

MISSING STOP BIT Loat—
_\ =™ BEFORE ZERO ECHO
!

800600 WANDIEED

' Figure 15-5. Break Transaction

| APPROXIMATELY 2 BITS DELAY

EE

53]

R—J__..‘.._‘_‘

15.3.6 Baud Rate

The communication baud rate is controiled | by the crystal frequency o exerna
clock and the state of the PTB4 pin (when IRQ is set to V1g7) Upon entry intc
monitor mode. If monitor mode was entered with Vpp on IRQ and the reset vester
blank, then the baud rate is independent of PTBA4.

Table 15-1 also lists external frequencies reguired tc achieve a standard paud rate
of 7200 bps. The effective baud rate is the bus frequency divided by 278. if using
a crystal as the clock source, be aware of the upper frequency limit that the interna’
clock module can handie. See 24.7 5.0-Volt Control Timing or 24.6 3.3-Vdc
Electrical Characteristics for this limit.

MCORAHCAONRMRZ1R
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15.3.7 Cammands

NOTE:

| W W o SR

The monitor ROM firmware uses these commands:

+ "READ (read memory)

. = WRITE (write memory)

» IREAD (indexed read)

« IWRITE (indexed write)

- READSP (read stack pointer)

- RUN (run user program)
The monitor ROM firmware echoes each received byte back to the PTAO pin for
error checking. An 11-bit delay at the end of each command allows the host to send
a break character to cancel the command. A delay of two bit times occurs before
each echo and before READ, IREAD, or READSP data is returned. The data

returned by a read command appears after the echo of the last byte of tre
command.

Wait one bit time after each echo before sending the next byte.

FROM
HOST

ECHO — RITURN

Notes:
1 = Echao delay, approximately 2 bit times
2 = Data return delay, approximately 2 bit times
3 = Cancel command delay, 11 bit times
4 = Wait 1 bit time before sending next byte.

Figure 15-6. Read Transaction

ECHC

Notes:
1 = Echo delay, approximately 2 bit times
2 = Cancel command delay, 11 bit times
3 =wait 1 bit time before sending next byte.

Figure 15-7. Write Transaction

R T
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Functional Descriptior.

A brief description of each monitor mode command is given in Table 15-3 through

Table 15-8.
Table 15-3. READ (Read Memory) Command
Pescription Read byte from memory
" Operand 2-byte address in high-byte:low-byte order
Data Returned | Returns contents of specified address

Opcode $4A :
Command Sequence :

SENT TO MONITOR

e o  m —

Table 15-4. WRITE (Write Memory) Command

Description | Write byte to memory
Operand 2-byte address in high-byte:low-byte order; low byte followed by data bvte
Data Returned | None :
Opcode $49
Command Sequence
FROM HOST

Table 15-5. IREAD (Indexed Read) Command

Description Read next 2 bytes in memory from last address accessed ‘
Operand 2-byte address in high byte:low byte order ‘
Data Returned | Returns contents of next two addresses
Opcode $1A
Command Sequence
FROM HOST

ECHC

RzTURN
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Table 15-6. IWRITE (Indexed Write) Command

Description Write to last address accessed + 1
Operand Single data byte
Data Returned | None
Opcode $19
Command Sequence
FROM HOST
‘ ]
IWRITE DATA V\.
ECHO

A sequence of IREAD or IWRITE commands can access a block of memory
sequentially over the full 64-Kbyte memory map.

Table 15-7. READSP (Read Stack Pointer) Command

Description Reads stack pointer

Operand Nene

Data Returned | Returns incremented stack pointer value (SP + 1) in high-byte:dow-byte oder

Opcode $0C

Command Sequence

FROM HOST

READSP

ECHO AETURN

Table 15-8. RUN {Run User Program) Command

Description Executes PULH and RTI instructions
Operand None
Data Returned | None
Opcode 328

Command Sequence

FROM HOST

e e 4 e




15.4 Security

NOTE:

NOTE:

Monitor ROM (MON;
Security

The MCU executes the SWI and PSHH instructions when it enters monitor mode.
The RUN command tells the MCU to execute the PULH and RT] instructions.
Before sending the RUN command, the host can modify the stacked CPU registers
to prepare to run the host program. The READSP command returns the
incremented stack pointer value, SP + 1. The high and low bytes of the program
counter are at addresses SP + 5 and SP + 6.

SP
HIGH BYTE OF INDEX REGISTER SP+1
CONDITION CODE REGISTER SP+2
ACCUMULATOR SP+3
LOW BYTE OF INDEX REGISTER SP+4

HIGH BYTE OF PROGRAM COUNTER SP+5
LOW BYTE OF PROGRAM COUNTER SP+8
SP+7

Figure 15-8. Stack Pointer at Monitor Mode Entry

A security feature discourages unauthorized reading of FLASH locations while in
monitor mode. The host can bypass the security feature at monitor mode entry by
sending eight security bytes that match the bytes at locations $FFF6-3FFFD.
Locations $FFF6-$FFFD contain user-defined data.

Do not leave locations $FFF6-$FFFD blank. For security reasons, program
locations $FFF6-$FFFD even if they are not used for vectors.

During monitor mode entry, the MCU waits after the power-on reset for the host to
send the eight security bytes on pin PTAQ. If the received bytes maich those at
locations $FFF6-$FFFD, the host bypasses the security feature and can read al.
FLASH locations and execute code from FLASH. Security remains bypassed unt:
a power-on reset occurs. If the reset was not a power-on reset, security remains
bypassed and security code entry is not required. See Figure 15-9.

Upon power-on reset, if the received bytes of the security code do nct match the
data at locations $FFF6—-$FFFD, the host fails to bypass the security feature. The
MCU remains in monitor mode, but reading a FLASH location returns an invalid
value and trying to execute code from FLASH causes an illegal address reset. After
receiving the eight security bytes from the host, the MCU transmits a breax
character, signifying that it is ready fo receive a command.

The MCU does not transmit a break character until after the host sexcs the eigh!
security bytes.

T = I
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4 = Wait 1 bit time before sending next byte

5 = Wait until the monitor ROM runs

Figure 15-9. Monitor Mode Entry Timing

| To determine whether the security code entered is correct, check o see if bit 6 of
RAM address $40 is set. If it is, then the correct security code has been eniered
and FLASH can be accessed.

If the security sequence fails, the device should be reset by a power-on reset and

brought up in monitor mode to atternpt another entry. After failing the security

sequence, the FLASH module can also be mass erased by executing an erase

routine that was downloaded into internal RAM. The mass erase operation clears
v the security code locations so that all eight security bytes become $FF (blank).
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16.1 Introduction

16.2 Features

Section 16. MSCANO8 Controller (MSCANO8}

The MSCANOS is the specific implementation of the Motorola scalable contreller
area network (MSCAN) concept targeted for the Motorola M68HCO8
Microcontrolier-Family.

The module is a communication controller implementing the CAN 2.0 A/B protoco:
as defined in the BOSCH specification dated September, 1991.

The CAN protocol was primarily, but not exclusively, designed to be used as &
vehicie serial data bus, meeting the specific requirements of this field: real-time
processing, reliable operation in the electromagnetic interference (EM1)
environment of a vehicle, cost-effectiveness, and required bandwidth.

MSCANOS utilizes an advanced buffer arrangement, resulting in a predictab:e
real-time behavior, and simplifies the application software.

Basic features of the MSCANOS are:

. MSCANOS enable is software controlled by bit (MSCANEN) in configuration
register (CONFIG2)

« Meodular architecture

- Implementation of the CAN Protocol — Version 2.0A/B
_  Standard and extended data frames
- 0-8 bytes data length.
— Programmable bit rate up to 1 Mbps depending on the actuai bit timing
and the clock jitter of the phase-locked loop (PLL)

«  Support for remote frames
« Double-buffered receive storage scheme

. Triple-buffered transmit storage scheme with infernal prioritization using a
- “local priority” concept

. Flexible maskable identifier filter supports alternatively cne full size
extended identifier filter or two 16-bit filters or four 8-pit filters

. Programmable wakeup functionality with integrated low-pess fiter
«  Programmable loop-back mode supports self-test operaticn

+  Separate signalling and interrupt capabilities for all CAN receiver and
transmitter error states (warning, error passive, bus off)

ot Sheat
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16.3 External Pins

- Programmable MSCANO8 clock source either CPU bus clock or crysta.
oscillator output

« Programmable link to timer interface module 2, channel 0, for time-stamping
and network synchronization

+ Low-power sleep mode

The MSCANOS uses two external pins, one input (CANgx) and one output
(CANTy). The CANTx output pin represents the logic level on the CAN: O is fora
dominant state, and 1 is for a recessive state.

A typical CAN system with MSCANOS is shown in Figure 16-1.

Each CAN station is connected physically to the CAN bus lines through a
transceiver chip. The transceiver is capable of driving the large current needed for
the CAN and has current protection against defected CAN or defected stations.

CAN STATION !
CAN NODE 1 CAN NODE 2 CANAODE N
MCU
CAN CONTROLLER
{MSCANOS}
CANpy GANgy
3
¥
TRANSCEIVER ;
¢

CANBUS

Figure 16-1. The CAN System
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16.4 Message Storage

16.4.1 Background

MSCANOS facilitates a sophisticated message storage system which addresses
the requirements of a broad range of network applications.

Modern application layer software is built under two fundamental assumptions:

1. Any CAN node is able to send out a stream of scheduled messages without
releasing the bus between two messages. Such nodes will arbitrate for the
bus right after sending the previous message and wilt only release the bus
in case of lost arbitration.

2. Theinternal message queue within any CAN node is organized as such that
the highest priority message will be sent out first if more than one message
is ready to be sent.

Above behavior cannot be achieved with a single transmit buffer. That buffer must
be reloaded right after the previous message has been sent. This loading process
lasts a definite amount of time and has to be completed within the inter-frame
sequence (IFS) to be able to send an uninterrupted stream of messages. Even if
this is feasible for limited CAN bus speeds, it requires that the CPU reacts with
short latencies to the transmit interrupt.

A double buffer scheme would de-couple the re-loading of the transmit buffers from
the actual message being sent and as such reduces the reactiveness requirements
on the CPU. Problems may arise if the sending of a message would be finished just
while the CPU re-loads the second buffer. In that case, no buffer wouid then be
ready for transmission and the bus would be released.

At least three transmit buffers are required to meet the first of the abcve
requirements under all circumstances. The MSCANO8 has three transmit cuffers.

The second requirement calls for some sort of internal prioritization which the
MSCANOS implements with the “local priority” concept described i 16.4.2 Receive
Structures.

16.4.2 Receive Structures

[ T I I

The received messages are stored in a 2-stage input first in first out (FIFO). The
two message buffers are mapped using a "ping pong" arrangement into & singie
memory area (see Figure 16-2). While the background receive buffer (RxBG) is
exclusively associated to the MSCANOBS, the foreground receive buffer (RxFG) is
addressable by the central processor unit (CPU08). This scheme simplifies the
handler software, because only one address area is applicable for the receive
process.

Tt Ol et
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MSCANO38 CPUO08 I BUS

Tx0 [\—TX/T |

Txd

|

-m—‘--—-—-_-"-
S

T2 ™E_

%

Figure 16-2, User Model for Message Buffer Organization
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Message Stcrage

Both buffers have a size of 13 bytes to store the CAN control bits, the identifier
(standard or extended), and the data content. For details, see 16.12
'Programmer’s Model of Message Storage.

The receiver full flag (RXF) in the MSCANOS receiver flag register (CRFLG),
signals the status of the foreground receive buffer. When the buffer contains a
correctly received message with matching identifier, this flag is set. See 16.13.5
'MSCANO08 Receiver Flag Register (CRFLG)

On reception, each message is checked to see if it passes the filter (for detalls see
16.5 Identifier Acceptance Filter) and in parallel is written into RxBG. The
MSCANDOS copies the content of RxBG into RxFG!), sets the RXF flag, and
generates a receive interrupt to the CPU@, The user's receive handler has to reac
the received message from RxFG and fo reset the RXF flag to acknowledge the
interrupt and to release the foreground buffer. A new message which can foliow
immediately after the IFS field of the CAN frame, is received into RxBG. The
overwriting of the background buffer is independent of the identifier filter function.

When the MSCANO8 module is fransmitting, the MSCANOS receives its own
messages into the background receive buffer, RXBG. It does NOT overwrite RxFG,
generate a receive interrupt or acknowledge its own messages on the CAN bus.
The exception to this rule is in loop-back mode (see 16.13.2 MSCANO8 Module
Control Register 1), where the MSCANOS treats its own messages exactly fixe al
other incoming messages. The MSCANO8 receives its own transmitted messages
in the event that it loses arbitration. If arbitration is lost, the MSCANOS rust o2
prepared to become the receiver.

An overrun condition occurs when both the foreground and the background receive
message buffers are filled with correctly received messages with accepted
identifiers and another message is correctly received from the bus with an
accepted identifier. The latter message will be discarded and an error interrunt wit~
overrun indication will be generated if enabled. The MSCANOQS is stili able
transmit messages with both receive message buffers fiiled, but all incemirg
messages are discarded.

16.4.3 Transmit Structures

The MSCANOS has a triple transmit buffer scheme 1o aliow multiple messages ic
be set up in advance and to achieve an optimized reai-time performance. The three
buffers are arranged as shown in Figure 16-2.

All three buffers have a 13-byte data structure similar to the outiine of the receive
buffers (see 16.12 Programmer’s Model of Message Storage). An additional
transmit buffer priority register (TBPR) contains an 8-bit “local priority” field (PRIC)
(see 16.12.5 Transmit Buffer Priority Registers).

1. Only if the RXF flag is not set.
2 The receive interrupt will occur only if not masked. A polling scheme can be aspliec on RXF as2.

e P N P
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‘To transmit a message, the CPU08 has to identify an available transmit buffer
which is indicated by a set transmit buffer empty (TXE) flag in the MSCANCS
transmitter flag register (CTFLG) (see 16.13.7 MSCANO8 Transmitter Flag
Register).

The CPUOS then stores the identifier, the control bits and the data content intc one
* of the transmit buffers. Finally, the buffer has to be flagged ready for transmission
by clearing the TXE flag.

‘The MSCANOS then will schedule the message for transmission and wili signat the

" successful transmission of the buffer by setting the TXE flag. A transmit interrupt is
generated" when TXE is set and can be used to drive the application software to
re-load the buffer.

In case more than one buffer is scheduled for transmission when the CAN bus
becomes available for arbitration, the MSCANO8 uses the local priority setting of
the three buffers for prioritization. For this purpose, every transmit buffer has an
8-bit local priority field (PRIO). The application software sets this field when the
message is set up. The local priority reflects the priority of this particular message
relative to the set of messages being emitted from this node. The lowest binary
value of the PRIO field is defined as the highest priority.

The internal scheduling process takes place whenever the MSCANOE arbitrates for
the bus. This is also the case after the occurrence of a transmission errcr.

When a high priority message is scheduled by the application software, it may
become necessary to abort a lower priority message being set up in one of ine
three transmit buffers. As messages that are already under transmission canrct be
aborted, the user has to request the abort by setting the corresponding abor:
request flag (ABTRQ) in the transmission control register (CTCR). The MSCANGCSE
will then grant the request, if possible, by setting the corresponding abort reguest
acknowledge (ABTAK) and the TXE flag in order to release the buffer arc b
generating a transmit interrupt. The transmit interrupt nandler sofiwars cante! &
the setting of the ABTAK flag whether the message was actually aboriec
(ABTAK = 1) or sent (ABTAK = 0).

16.5 Identifier Acceptance Filter

The identifier acceptance registers (CIDARO-CIDARS3) define the acceplance
patterns of the standard or extended identifier (ID10-1DC or ID268-1D0). Any o7
these bits can be marked ‘don't care’ in the identifier mask registers
(CIDMRO-CIDMR3).

1. The transmit interrupt will occur only if not masked. A polling scheme can be applied on TXEZ also
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A filter hit is indicated to the application on software by a set RXF (receive buffer
full flag, see 16.13.5 MSCANO8 Receiver Flag Register (CRFLG)) and two bits in
the identifier acceptance control register (see 16.13.9 MSCANOS Identifier
Acceptance Control Register). These identifier hit flags (IDHIT1 and IDHITT;
clearly identify the filter section that caused the acceptance. They simplify the
application software’s task to identify the cause of the receiver interrupt. in case
that more than one hit occurs (two or more filters match) the lower hit has priority.

A very flexible programmable generic identifier acceptance filter has been
introduced to reduce the CPU interrupt loading. The filter is programmable to
operate in four different modes:

1. Single identifier acceptance fiiter, each to be applied to a) the full 29 bils of
the extended identifier and to the following bits of the CAN frame: RTR, IDE,
SRR or b) the 11 bits of the standard identifier plus the RTR and IDE bits of
CAN 2.0A/B messages. This mode implements a single filter for a full length
CAN 2.0B compliant extended identifier. Figure 16-3 shows how the 32-bit
filter bank (CIDARO-3, CIDMRO0-3) produces a filter O hit.

2. Two identifier acceptance filters, each to be applied to:

a. The 14 mostsignificant bits of the extended identifier plus the SRR anc
the IDE bits of CAN2.0B messages, or

b. The 11 bits of the identifier plus the RTR and IDE bits of CAN 2 0AE
messages.

Figure 16-4 shows how the 32-bit filter bank (CIDARO-CIDAR3 and
CIDMRO-CIDMR3) produces filter 0 and 1 hits.

3. Four identifier acceptance filters, each to be appiied to the first eight bits ¢f
the identifier. This mode implements four independent filters for the first
eight bits of a CAN 2.0A/B compliant standard identifier. Figure 16-5 snows

how the 32-bit filter bank (CIDARO-CIDARS3 and CIDMRO-~-CIDM=3;

" produces filter 0 to 3 hits.

4. Closed filter. No CAN message will be copied into the foregrounc. buer
RxFG, and the RXF flag will never be set.
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Figure 16-3. Single 32-Bit Maskabie Identifier Acceptance Filter
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Figure 16-4. Dual 16-Bit Maskable Acceptance Filters
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Identifier Acceptance Filte-
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Figure 16-5. Quadruple 8-Bit Maskable Acceptance Filters
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16.6.2 Interrupt Vectors

MSCANOS Controlier (MSCANOE)
Protocol Violadon Protection

The MSCANOS supports four interrupt vectors as shown in Table 16-1. The vector
addresses and the relative interrupt priority are dependent on the chip integration

and to be defined.

Table 16-1. MSCANOS Interrupt Vector Addresses

Function Source H;c:kl (;:Ica::il
Wakeup WUPIF WUPIE
RWRNIF RWRNIE
TWRNIF TWRNIE
RERRIF RERRIE
Error interrupts TERRIF TERRIE
BOFFIF BOFFIE | bit
OVRIF OVRIE
Receive RXF RXFIE
TXEQ TXEIED
Transmit TXE1 TXEIE1
TXE2 TXEIEZ

16.7 Protocol Violation Protection

‘The MSCANOS will protect the user from accidentally violating the CAN protocol
through programming errors. The protection logic implements the following

features:

«  The receive and transmit error counters cannot be written or otherwise

manipulated.

. All registers which control the configuration of the MSCANOQEZ can not oe
modified while the MSCANOS is on-line. The SFTRES bit in the MSCANQS
module control register (see 16.13.1 MSCANO08 Module Control Register

0) serves as a lock to protect the following registers:

— -MSCANO08 module control register 1 {CMCR1)

_  MSCANOS bus timing register 0 and 1 (CBTRO and CBTR™:

—  MSCANOS identifier acceptance controi register (CIDAC
-  MSCANOS identifier acceptance registers (CIDARC-3}

MSCANOS identifier mask registers {CIDMRO-3)

- The CANyy pin is forced to recessive when the MSCANOS8 is in any cf the

low-power modes.

T . ] TS
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16.8 Low-Power Modes

In addition to normal mode, the MSCANO8 has three modes with reduced power
consumption: sleep, soft reset, and power down. In sleep and soft reset mode,
power consumption is reduced by stopping all clocks except those to access the
registers. in power-down mode, all clocks are stopped and no power is consumed.

The WAIT and STOP instructions put the MCU in low-power consumption stand-by
modes. Table 16-2 summarizes the combinations of MSCANO8 and CPU modes.
A particular combination of modes is entered for the given settings cf the bits
SLPAK and SFTRES. For all modes, an MSCANO8 wakeup interrurt can occur
only if SLPAK = WUPIE = 1.

Table 16-2. MSCANO8S versus CPU Operating Modes

CPU Mode
MSCANOS Mode
STOP WAIT or RUN
— o
Power D
ower Down SFTRES = X .
) RPN WY
SLPAK = 1
Sleep SFTRES = C
SLPAK =0
Soft Reset SFTRES = *
SLPAK = 0
Normal SFTRES =C

1. ‘X' means don't care.

16.8.1 MSCANO8 Sleep Mode

NOTE:

The CPU can request the MSCANOS to enter the low-power mods by asserting

the SLPRQ bit in the module configuration register (see

Figure 16-6). The time when the MSCANOS enters sleep mode cepends on ts

activity:

. Ifitis transmitting, it continues to transmit until there is no more message to
be transmitted, and then goes into sleep mode

- Ifitis receiving, it waits for the end of this message and then coes .ntc sieep
mode

- Ifitis neither transmitting or receiving, it will immediately go into sieep mode
The application software must avoid setting up a transmission (by clearing or more
TXE flags) and immediately request sleep mode (by setting SLPRQ). it thex

depends on the exact sequence of operations whether MSCANUS starts
transmitting or goes into sleep mode directly.

[N Tal~3+ 10T alstate Yol Eiad
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MSCANDS Controlier (MSCANOE;)
Low-Power Modes

During sleep mode, the SLPAK flag is set. The application software should use

SLPAK as a handshake indication for the request (SLPRQ) to go into sieep mode.

When in sleep mode, the MSCANOS stops its internal clocks. However, clocks to
allow register accesses still run. If the MSCANOS is in bus-off state, it stops
counting the 128*11 consecutive recessive bits due to the stopped clocks. The
CAN7x pin stays in recessive state. If RXF = 1, the message can be read and RXF
can be cleared. Copying of RxGB into RxFG doesn't take place while in sleed
mode. It is possible to access the transmit buffers and to ciear the TXE flags. No

" message abort takes place while in sleep mode.

The MSCANOS leaves sleep mode (wakes-up) when:
» Bus activity occurs, or
+  The MCU clears the SLPRQ bit, or
»  The MCU sets the SFTRES bit

MSCANOB RUNNING

SLPRQ =0
SLPAK =0

MCU
or MSCANDS

SLEEP REQUEST

SLPRQ ="
SLPAK=C

MSCANDB SLEEPING

SLPRG =1
SLPAK =1

MSCANDE

Figure 16-6. Sleep Request/Acknowledge Cycle

The MCU cannot clear the SLPRQ bit before the MSCANO8 is in sieep moce
(SLPAK=1).

After wakeup, ihe MSCANOQS waits for 11 consecutive recessive bits to synchronize
to the bus. As a consequence, if the MSCANOS is woken-up by a CAN frame, th.s
frame is not received. The receive message buffers (RxFG and RxBG) conzain
messages if they were received before sleep mode was entered. All pending
actions are executed upon wakeup: copying of RxBG into RxFG, message aboris

- and message transmissions. If the MSCANOS is still in bus-off state after s.eep

mode was left, it continues counting the 12811 consecutive recessive bits.

Tata Shest
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16.8.2 MSCANOSB S_oﬁ Reset Mode

NOTE:

In soft reset mode, the MSCANOS is stopped. Registers can still be accessed. This
"mode is used to initialize the module configuration, bit timing and the CAN

message filter. See 16.13.1 MSCANO8 Module Control Register 0 for a complete

description of the soft reset mode.

When setting the SFTRES bit, the MSCANOQ8 immediately stops all cngoing
transmissions and receptions, potentially causing CAN protocol violations.

The user is responsible to take care that the MSCANOS is not active when soft resel
mode is entered. The recommended procedure is to bring the MSCANOS into sieep

" “mode before the SFTRES bit is set.

16.8.3 MSCANO08 Power-Down Mode

NOTE:

The MSCANOS is in power-down mode when the CPU is in stop mode.

When entering the power-down mode, the MSCANO8 immediately stops all
ongoing transmissions and receptions, potentially causing CAN protocol violations.

The user is responsible to take care that the MSCANOS is not active when
power-down mode is entered. The recornmended procedure is to bring the
MSCANOS into sleep mode before the STOP instruction is executec.

To protect the CAN bus system from fatal consequences resulting from viclations
of the above rule, the MSCANOS drives the CANyy pin into recessive staie.

In power-down mode, no registers can be accessed.

MSCANOS bus activity can wake the MCU from CPU stop/MSCANOS power-gowr
mode. However, until the oscillator starts up and synchronization is achisvec the
MSCANO8 will not respond to incoming data.

16.8.4 CPU Wait Mode

The MSCANO8 module remains active during CPU wait mode. The MSCANOS wil.

stay synchronized to the CAN bus and generates transmit, receive, and erro”

interrupts to the CPU, if enabled. Any such interrupt wili bring the MCU out ¢” wait
mode.

16.8.5 Prograi’nmable Wakeup Function

“The MSCANOS can be programmed to apply a low-pass fiiter functon to the
- CANRy input line while in internal steep mode (see information on controi £it

WUPM in 16.13.2 MSCANO08 Module Contro! Register 1}. This feature can be
used to protect the MSCANO8 from wakeup due 1o short glitches on the CAN bus

lines. Such glitches can result from electromagnetic inference within no:sv

environments.



16.9 Timer Link

MSCANOS Controller (MSCANGE)
Tmer _ink

The MSCANOS will generate a timer signal whenever a valid frame has been
received. Because the CAN specification defines a frame to be valid if no errors
occurred before the EOF field has been transmitted successfully, the timer signal
will be generated right after the EOF. A pulse of one bit time is generated. As the
MSCANOS receiver engine also receives the frames being sent by itself, a timer

1‘signai also will be generated after a successful transmission.

The previously described timer signal can be routed into the on-chip 2-channe!
timer interface module 2 (TIM2). This signal is connected to the TIM2 channei 0
input under the control of the timer link enable (TLNKEN) bit in CMCRO.

After the timer has been programmed to capture rising edge events, it can oe used
under software control to generate 16-bit time stamps which can be siored with the
received message.

16.10 Clock System

Figure 16-7 shows the structure of the MSCANOS clock generation creuitry and its
interaction with the clock generation module (CGM). With this flexibie clocking
scheme the MSCANOS is able to handle CAN bus rates ranging from 10 kbps up

" to 1 Mbps.
2 0SC -2
E‘“—‘ CGMOUT
(T0 SiM)
Y e BCS
PLL s Y
CGM
MSCANOB

(2 * BUS FREQUENCY}

MASCANIK
PRESCALER
- D=

it..54)

CLKSRC

Figure 16-7. Clocking Scheme
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NOTE:

NOTE:

The clock source bit (CLKSRC) in the MSCANO8 module control register (CMCR1)
(see 16.13.1 MSCANOS Module Control Register 0) defines whether the
MSCANOS is connected to the output of the crystal oscillator or to the PLL output.

The clock source has to be chosen such that the tight oscillator tolerance
requirements (up to 0.4%) of the CAN protocol are met.

ifthe system clock is generated from a PLL, it is recommended to select the crystal

clock source rather than the system clock source due to jitter considerations.
especially at faster CAN bus rates.

A programmable prescaler is used to generate out of the MSCANODS clock the lime
quanta (Tq) clock. A time quantum is the atomic unit of time handlec by the
MSCANOS.

= fMSCANCLK
% Prescvalue

A bit time is subdivided into three segments!") (see Figure 16-8):

. SYNC_SEG: This segment has a fixed length of one time quantum. Signai
~ edges are expected to happen within this section.

«  Time segment 1: This segment includes the PROP_SEG and the
PHASE_SEG1 of the CAN standard. It can be programmed by setting the
parameter TSEG1 to consist of 4 to 16 time quanta.

+  Time segment 2: This segment represents PHASE_SEGZ of the CAN
standard. It can be programimed by setting the TSEG2 parametericte 2 ic
8 time quanta fong.

) qu
Bit raie =

Ne. of time quanta

The synchronization jump width (SJW) can be programmed in arange of 1to £iime
quanta by setting the SJW parameter.

The above parameters can be set by programming the bus timing regisiers.
CBTRO and CBTR1. See 16.13.3 MSCANO8 Bus Timing Register 0 and 15.13.4
MSCANO08 Bus Timing Register 1.

It is the user’s responsibility to make sure that the bit Hming setfings are i
compliance with the CAN standard,

Table 16-8 gives an overview on the CAN conforming segment setings anc ne
related parameter values.

1. For further expianation of the underlying concepts please refer to ISO/DIS 17 5181

Section 10.3.
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Clock System

Figure 16-8. Segments Within the Bit Time

FAa
X NRZ SIGNAL ( ' ‘
SYNG TIME SEGMENT 1 TIME SEG. 2
_SEG (PROP_SEG + PHASE_SEG1) (PHASE_SEG2)
*‘ 1 4..16 * + 2.8
11 .
- 8... 25 TIME QUANTA - »-
=1BITTIME | ]
1 | sAMPLEPOINT

(SINGLE OR TRIPLE SAMPLING

Table 16-3. Time Segment Syntax

SYNC_SEG

System expects transitions to occur on the bus during this
pericd.

Transmit point

A node in transmit mode will ransfer a new value 1o the CARN
bus at this point.

Sample point

A node in receive mode will sample the bus at this point. If the
three samples per bit option is selected then this point marks
the position of the third sample.

Table 16-4. CAN Standard Compiiant Bit Time Segment Settings

solime 1 ToEet | geame, | TsEo2 | SWEn S
5..10 4.9 2 1 1.2 2
4.1 3.10 3 2 1.3 s
5.12 4.1 4 3 1.z 3
6..13 5.12 5 I 1.4 e
7.14 6.13 6 I 1.4 R
8..15 7.14 7 5 1.4 N
9.16 8.15 8 7 14 e

Fan YR o Y PR
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16.11 Memory Map

"The MSCANOS occupies 128 bytes in the CPUO8 memory space. The absolute
mapping is implementation dependent with the base address being a multiple

of 128.

$0500
$0508
$0509
$050D
$050E
$050F
$0510
$0517
$0518
$053F
$0540
$054F
$0550
$055F
$0560
$056F
$0570
$057F

Figure 16-9. MSCAN08 Memory Map

CONTROL REGISTERS
9BYTES

RESERVED
5 BYTES

ERROR COUNTERS
2 BYTES

IDENTIFIER FILTER
8 BYTES

RESERVED
40 BYTES

RECEIVE BUFFER

TRANSMIT BUFFER ©

TRANSMIT BUFFER 1

TRANSMIT BUFFER 2

Y PatalslBlalstaleratyri i~



16.12 Programmer’s Model of Message Storage

MSCANOS8 Controller (MSCANOS)
Programmer’s Model of Message Storage

This section details the organization of the receive and transmit message buffers
and the associated control registers. For reasons of programmer interface
simplification, the receive and transmit message buffers have the same outline.
Each message buffer allocates 16 byles in the memory map containing a 13-byte
data structure. An additional transmit buffer priority register (TBPR) is definec for

the transmit buffers.

Addrl Register Name
$05b0 IDENTIFIER REGISTER ©
$05b1 IDENTIFIER REGISTER 1
$05b2 IDENTIFIER REGISTER 2
$05b3 IDENTIFIER REGISTER 3

0504 DATA SEGMENT REGISTER 0
$05b5 DATA SEGMENT REGISTER 1 ;
$05b6 DATA SEGMENT REGISTER 2 J
$05b7 DATA SEGMENT REGISTER 3 %
$05b8 DATA SEGMENT REGISTER 4 i
50509 DATA SEGMENT REGISTER 5 ‘
$05bA DATA SEGMENT REGISTER 6
$056B DATA SEGMENT REGISTER 7
$056C CATA LENGTH REGISTER
$05bD TRANSMIT BUFFER PRIORITY REGISTER®
$05bE UNUSED
$05F UNUSED

1. Where b equals the following:

b=4 for receive buffer

b=5 for transmit buffer O
b=8 for transmit buffer 1
b=7 for transmit buffer 2
2. Not applicable for receive buffers

Figure 16-10. Message Buffer Organization
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16.12.1 Message Buffer Qutline

Addr,

50500
$05b1
50562
$05b3
$05b4
$05b5
$05b6
$0sb7
$05h8
$05b9
$05bA
$0568

$055C

NOTE:

Register

DR

IDR1

IDR2

1DR3

. DSRO

DSR1

DSR2

DSR3

DSR4

DSR5

DSRé

DSR7

CLR

Figure 16-
buffers for extend
registers is shown in Figure 16-12. All bits of th

undefined out of reset.

The foreground receive buffer can be read a

14 shows the common 13-byte data s
ed identifiers. The mapping of stan

tructure of receive and transmit
dard identifiers into the IDR
e 13-byte data structure ave

nytime but cannot be writfen. The
transmit buffers can be read or written anytime.

Bit7 6 5 4 3 2 Bit 0
Read: | \nog D27 D26 D25 D24 D23 D22 o |
Write: !
Read: |
20 1 1 AR (= DE (= 1 1 315
Wite: D D19 D18 SRR (=1) | IDE(=1) H D17 D16 5
Read: ! -
. D14 ID13 D12 D11 D10 Dg L8 oy
Write: ‘
d:
Rea D6 IDS D4 iD3 02 ot | =73
Write: i |
Read: T
ead | ppy 0B6 DBS5 o84 DB3 B2 | OB D8
Write: ‘ i
Read: 7
° DB7 DB6 D85 DB4 DE3 DE2 \ o8- 280
Write: \ |
Read:
ead: | gy DB6 DES DB4 DB3 D82 l DB .
Write: i
Read:
_ DB? DB6 DB5 DB4 DE3 D32 \ 3B 280
Write:
Read:
ead | gy DB6 0BS 0B4 I I =30
Write: | |
Read: i \
2 DB7 DB6 DBS DB4 0% | Dpee DB 880
Write: i |
Read: | \ !
| oDe7 0BG D85 pg4 | DB | DB2 DB1 CBO
Write; i i
Reag: !
. DB7 DB6 DB5 DB4 | 0B . DB2 ‘ DE1 28D
Write: i | |
Read: [N }
D o1 5LCE
wite: | LC2 oL e
§ - Unimplemented
Figure 16-11. Receive/T ransmit Message Buffer

Extended identifier ({DRn)

MCBBHC208GZ10



Addr.
$05b0

$05b1
$08b2

$0503

Register

IDRO
DRt

1DR2

ICR3

MSCANOS Controlier (MSCANUS)
Programmer's Model of Message Storage

Bit 7 6 5 4 3 2 1 Bizd

Read: | 1510 Dg D8 D7 D6 D5 D4 Cs
Write: J

Read:
Write:

Read:
Write:

Read:
Write:

_ = Unimplemented

Figure 16-12. Standard ldentifier Mapping

16.12.2 Identifier Registers

The identifiers consist of either 11 bits (iD10-iD0) for the standard, or 29 bits
(ID28-1D0) for the extended format. ID10/28 is the most significant bit and is

‘transmitted first on the bus during the arbitration procedure. The pricrity of an

identifier is defined to be highest for the smallest binary number.

SRR — Substitute Remote Request
This fixed recessive bit is used only in extended format. It must be set to 1 by
the user for transmission buffers and will be stored as received on the TAN tus
for receive buffers.

IDE — |D Extended

This flag indicates whether the extended or standard identifier format is applied
in this buffer. In case of a receive buffer, the flag is set as being received and
indicates to the CPU how to process the buffer identifier registers. in case cf a
transmit buffer, the flag indicates to the MSCANO8 what type of identifier 2
send.

1 = Extended format, 29 bits

0 = Standard format, 11 bits

RTR — Remote Transmission Request
This flag reflects the status of the remote transmission request dit in tne CAN
frame. In case of a receive buffer, it indicates the status of the received frame
and supports the transmission of an answering frame in software. In case cf a
transmit buffer, this flag defines the setting of the RTR bit to be sent.
1 = Remote frame
0 = Data frame



MSCANO8 Controlier (MSCANO8)

16.12.3 Data Length Register (DLR)

This register keeps the data length field of the CAN frame.

'DLC3-DLCO — Data Length Code Bits
The data length code contains the number of bytes (data byte count) of the
respective message. At transmission of a remote frame, the data length code is
transmitted as programmed while the number of transmitted bytes is always 0.
The data byte count ranges from 0 to 8 for a data frame. Table 16-5 shows the
effect of setting the DLC bits.

Table 16-5. Data Length Codes

Data Length Code Data Byte
pLc3 | pLcz | DLC1 | DLCO Count
0 0 0 0 0
0 0 0 1 1
0 0 1 o 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5 :
0 1 1 0 €
0 1 1 1 7 ‘
1 0 C 0 8 ‘}

16.12.4 Data Segment Registers (DSRn)

The eight data segment registers contain the data to be transmitted or received.
The number of bytes to be transmitted or being received is determinec by the data
length code in the corresponding DLR.

16.12.5 Transmit Buffer Priority Registers

Address:  $05bD

Bit7 6 5 4 3 2 1 Zi 3
\
Read: {
) PRIO7 PRIOGS PRIOS PRIOA PRIC3 I PRIO2 PRICY PRIOD
Write: :
Reset: Unaffected by reset

Figure 16-13. Transmit Buffer Priority Register (TBPR}

PRIO7—PRIQ0 — Local Priority
This field defines the local priority of the associated message buffer. The loca.
priority is used for the internal prioritization process of the MSCANO8 anrd is

IV lal=T TS TalaTal: Tadrk i~



MSCANQS Controller (MSCANCE)
Programmer's Model of Control Registers

defined to be highest for the smallest binary number. The MSCANOS
implements the following internal prioritization mechanism:

. Al transmission buffers with a cleared TXE flag participate in “he
prioritization right before the SOF is sent.

. The transmission buffer with the lowest local priority field wins the
prioritization.

« in case more than one buffer has the same lowest priority, the message
buffer with the lower index number wins.
16.13 Programmer’s Model of Control Registers

The programmer’s model has been laid out for maximum simplicity and efficiercy.
Figure 16-14 gives an overview on the control register block of the MSCANCE.

Addr. Register Bit? 6 5 4 3 2 i Bit 2
‘ . d: ! |
s0s00 . CMCRO el U DL B S Ml ek | TLNKEN | SFTRSS |
o Write: 1 |
$0501 ovoni Rt 0 [0 [ 0 ] 0O R LOOPE | WU CLXSRC |
Read: R
§0502 cBTRG | | MW SIWO BRPS BRP4 SRP3 BRP2 BR>1 e
) ul
: Read: -
$0503 CBTR | SAMP | TSEG22 | TSEGZI TSEG20 | TSEGI3 | TSEG12 | TSEG1  TSEGID
Read: | _ _ o -
$0504 CRELG || WUPIF | RWRNIF | TWRNIE RERRIE | TERRF | BOFRIF | ovaF - xT
Read: l -
$0505 CRIER "1 WUPIE | RWRNIE | TWRNIE RERRIE | TERRIE | BOFFIE | OVAE . FXFE
: ;
. Read: ABTA BT T :
30506 oL e | ABTAK2 | ABTAKI | ABTAKO | TXE2 ™S HE
Read: 0 —— Lo
$0507 CTCR ABTRG2 | ABTRQ! | ABTRGO YIIES  TYEED
Read: ' ST,
$0508 ciDAC ool IDAM? IDAMO _IDHiTr 1 19HT0
Write: i -
Read: ] ]
$0509 Reserved oo A R R 3 R R \ 3 =
Write; : l : ;
Read: f
$050E CRXERR wi;e- RXERR7 | RXERR6 | RXERRS | RXERR4 | RXERR3 h RXERR? | RXZRA1  AXZAAD |

3l = Unimpiemented [:E = Reserved

Figure 16-14. MSCANO8 Control Register Structure




MSCANO08 Controller (MSCANDS)

Addr. _Register ' Bit7 6 5 4 3 2 1 Biz
$050F CTXERR \R;i: TXERR7 | TXERR6 | TXERR5 | TXERR4 | TXERRS | TXERRZ | TXERF TXERRO '
ite:

. Read:j - . -

$0510 CIDARO Wite: ACT AC6 ACS AC4 AC3 AC2 AC AZC

Read: -

$0511 CIDAR1 Write: AC? AC6 ACH AC4 AC3 AC2 ACY ACT

Read: -

$0512 CIDAR2 Wiite: ACT ACB ACS AC4 AC3 AC2 ACH AZC

Read:| - ! N

$0513 CICAR3 Write: AC7 AC6 AChH AC4 AC3 AC2 ACH ] AT0

Read: o

30514 CIDMRO Write: AM7 AMB AM5 AM4 AM3 AMZ2 A1 } ARA0
Read: ]
%0515 CIDMR1 Write: AM7 AMG AMS Ahd4 AM3 AMZ AMT ahc
_ ' Read: ]
30518 CIDMR2 Write: AM7 AME AMS AM4 AM3 AM2 AN AR ‘
Read: !
$0517 - CIDMR3 Write: AM7 AMBS AMS A4 AM3 AM2 Al AR !

_ = Unimplemented = Reserved

Figure 16-14. MSCANO8 Control Register Structure (Continued)

16.13.1 MSCANO08 Module Control Register 0

Ac_:idress:' $0500

Bit 7 6 5 4 3 2 8 S
Read: Y 0 0 SYNCH
. SLPRQ SFTRES
Write:

Reset: 0 0 ¢ 0

_ = Unimplemented

Figure 16-15. Module Control Register 0 (CMCRO)

J

SYNCH — Synchronized Status
This bit indicates whether the MSCANOS is synchronized to the ZAN dus and
as such can participate in the communication process.
1 = MSCANQ8 synchronized to the CAN bus
0 = MSCANOS not synchronized to the CAN bus



MSCANO8 Controller {MSCANOS)
Programmer's Model of Control Regisiers

TLNKEN — Timer Enable
This flag is used to establish a link between the MSCANO8 and the on-chip timer
(see 16.9 Timer Link).
1 = The MSCANGOBS timer signal output is connected to the timer input.
0 = The port is connected to the timer input.

SLPAK — Sleep Mode Acknowledge
This fiag indicates whether the MSCANO8 is in module internal sleep moce. [t
shall be used as a handshake for the sleep mode request (see 16.8.1
MSCANO8 Sleep Mode). If the MSCANO8 detects bus activity while in sieen
mode, it clears the flag.
1 = Sleep — MSCANOS in internal sleep mode
0 = Wakeup — MSCANOS is not in sleep mode

SLPRQ — Sleep Request, Go to Internal Sleep Mode
This fiag requests the MSCANOS to go into an internal power-saving mode (see
16.8.1 MSCANOS Sleep Mode).
1 = Sleep — The MSCANOS8 will go into internal sleep mode.
0 = Wakeup — The MSCANO8 will function normaliy.

SFTRES — Soft Reset
When this bit is set by the CPU, the MSCANO8 immediately enters the soft reset
state. Any ongoing transmission or reception is aborted and synchronizatior ic
the bus is lost.
The following registers enter and stay in their hard reset state:

CMCRO, CRFLG, CRIER, CTFLG, and CTCR.

The registers CMCR1, CBTRO, CBTR1, CIDAC, CIDARO-CIDARS, ana
CIDMRO-CIDMR3 can only be written by the CPU when the MSCANO8 is ir: soft
reset state. The values of the error counters are not affected by soft reset.
When this bit is cleared by the CPU, the MSCANOS tries to synchronize to the
CAN bus. If the MSCANOS is not in bus-off state, it will be synchronized after "~
recessive bits on the bus: if the MSCANGOS is in bus-off state, it continues tc wal
for 128 occurrences of 11 recessive bits.
Clearing SFTRES and writing to other bits in CMCRO must be in sepaats
instructions.

1 = MSCANOS in soft reset state

0 = Normal operation

o D o B
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16.13.2 MSCANO08 Module Control Register 1

NOTE:

Address:  $0501

Bit7 6 5 4 3 2 5
Read: 0 0 0 0
) LOCPB WUPM | CLKSRC
Write:
Reset: 0 0 0 0 o} 0 ¢

- = Unimplemented

Figure 16-16. Module Control Register (CMCR1)

LOOPB — Loop Back Self-Test Mode

When this bit is set, the MSCANOS performs an internal loop back which can be
used for self-test operation: the bit stream output of the transmitter is fed back
to the receiver internally. The CANRy input pin is ignored and the CANyy output
goes to the recessive state (logic 1). The MSCANO8 behaves as it does
normally when transmitting and treats its own transmitted message as a
message received from a remote node. In this state the MSCANO8 ignores the
bit sent during the ACK slot of the CAN frame Acknowledge field to insure
proper reception of its own message. Both transmit and receive interrupts are
generated.

1 = Activate loop back self-test mode

0 = Normal operation

WUPM -— Wakeup Mode
This flag defines whether the integrated low-pass filter is applied to protec: the
MSCANO8 from spurious wakeups (see 16.8.5 Programmable Wakeup
Function).
1 = MSCANOS will wakeup the CPU only in cases of a dominant pulse cn the
bus which has a length of at least t,,,.
0 = MSCANO8 will wakeup the CPU after any recessive-to-dominanecce on
the CAN bus.

CLKSRC — Clock Source
This flag defines which clock source the MSCANO8 module is driven from {see
16.10 Clock System).
1 = The MSCANOS clock source is CGMOUT (see Figure 16-7}.
0 = The MSCANOS clock source is CGMXCLK/2 (see Figure 16-7".

The CMCR1 register can be written only if the SFTRES bit in the M5CANGE
module controf register is set



MSCANO8 Controller (MSCANDS)
Programmer's Model of Centrol Registers

16.13.3 MSCANOE Bus Timing Register 0

Address: 80502

Bit7 6 5 4 3 2 : B3
Read:; '
] SJwW1 SJW0 BRPS BRP4 BRP3 BRP2 BRP1 § BEPU
Write:
Reset: 0 0 0 ] 0 0 0 :

Figure 16-17. Bus Timing Register 0 (CBTRO)

SJW1 and SJW0 — Synchronization Jump Width
The synchronization jump width (SJW) defines the maximum number of time
quanta (Tg) clock cycles by which a bit may be shortened, or lengthenad,

achieve resynchronization on data transitions on the bus (see Table 15-6].

Table 16-6. Synchronization Jump Width

SIW1 SJWO Syj‘:r:’;mfggfn
V] 0 1 Tq cycle
0 1 2T, cycle
1 0 3 T, cycle
1 1 4T, cycle

BRP5-BRP0 — Baud Rate Prescaler
These bits determine the time quanta (T,) clock, which is used to buiid up \1e

individual bit timing, according to Table 16-7.

Table 16-7. Baud Rate Prescaler

BRP5 | BRP4 | BRP3 | BRP2 | BRP1 | BRPO *\’I;"‘[iza(';)'
0 0 G O 0 0O
0 0 0 G 0 1
0 0 0 C o 3
0 0 0 c 1 4

—
—_
-
— .-
—
(%3]
iy

NOTE: The CBTRO register can be written only if the SFTRES bitin the MSCANOS module
controf register is set.
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16.13.4 MSCANO8 Bus Timing Register 1

Address:  $0503

Bit7 6 5 4 3 2 1 She
Read: f t
Wi SAMP TSEG22 | TSEG21 TSEG2C | TSEG13 | TSEGi2 | TSEGH ‘ TSEG'D |
rite: i
| J

Reset: 0 0 0 0 0 0 0 {

Figure 16-18. Bus Timing Register 1 (CBTR1)

SAMP — Sampling
This bit determines the number of serial bus samples to be taken per bit time. If
set, three samples per bit are taken, the regular one (sample point) and twc
preceding samples, using a majority rule. For higher bit rates, SAMP shouid be
cleared, which means that only one sample will be taken per bit.

1 = Three samples per bit")
0 = One sample per bit

TSEG22-TSEG10 — Time Segment
Time segments within the bit time fix the number of clock cycles per bit time and
the location of the sample point. Time segment 1 (TSEG1) and time segment 2
(TSEG2) are programmable as shown in Table 16-3.
The bit time is determined by the oscillator frequency, the baud rate prescaler,
and the number of time quanta (T) clock cycles per bit as shown i1 Table 16-4).

o Pres value .
Bit time = ——————— » number of time quanta

fmscancLK

NOTE: The CBTR1 register can only be written if the SFTRES bit in the MSCANGE module
control register is set.

Table 16-8. Time Segment Values

TSEG13 | TSEG12 | TSEG11 | TSEG10 Time TSEG22 | TSEG21 | TSEG2¢ Time
Segment 1 Segment 2 |
| N i
0 0 0 0 1T, Cyclet? 0 e i 0 “ T Cyee
0 0 0 1 2 T, Cycles™ Lo c 27. Cyses
0 0 1 .0 3Tq Cycles" :
0 0 1 1 4T, Cycles
i 1 1 1 8T, Cyces
1 1 1 1 16 T, Cycles

1. This setting is not valid. Please refer to Table 16-4 for valid settings.

1. In this case PHASE_SEG1 must be at least 2 time quanta.
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16.13.5 MSCANO& Receiver Flag Register (CRFLG)

All bits of this register are read and clear only. A flag can be cieared by writing a 1
to the corresponding bit position. A flag can be cleared only when the condition
which caused the setting is valid no more. Writing a 0 has no effect on the flag
setting. Every flag has an associated interrupt enable flag in the CRIER register. A
hard or soft reset will clear the register.

Address:  $0504

Bit7 6 5 4 3 2 B Biie
Read: 1
Wit WUPIF RWRNIF | TWRNIF | RERRIF TERRIF BOFFiF QVRIF AXF
rite: ‘ i
Reset: 0 0 0 0 0 0 C

Figure 16-19. Receiver Flag Register (CRFLG)

WUPIF — Wakeup Interrupt Flag
If the MSCANOS detects bus activity while in sleep mode, it sets the WUPIF fiag.
If not masked, a wakeup interrupt is pending while this fiag is set.
1 = MSCANOS has detected activity on the bus and requestec wakeup.
0 = No wakeup interrupt has occurred.

RWRNIF — Receiver Warning Interrupt Flag
This flag is set when the MSCANO8 goes into warning status due to the receive
error counter (REC) exceeding 96 and neither one of the error interrupt flags or

the bus-off interrupt flag is set("). If not masked. an error interrup: is pending
while this flag is set.

1 =. MSCANOS8 has gone into receiver warning status.

0 = No receiver warning status has been reached.

TWRNIF — Transmitter Warning Interrupt Flag
This flag is set when the MSCANO8 goes into warning status due to the transmi
error counter (TEC) exceeding 96 and neither one of the error intarrup? flags or

the bus-off interrupt flag is set'?). If not masked, an error interrupt is penc'rg
while this flag is set.

1 = MSCANOS has gone into transmitter warning status.

0 = No transmitter warning status has been reached.

RERRIF — Receiver Error Passive Interrupt Flag
This flag is set when the MSCANO8 goes into error passive status due tc e

receive error counter exceeding 127 and the bus-off interrupt flag is not set™
If not masked, an error interrupt is pending while this flag is set.

1 = MSCANOS has gone into receiver error passive status.

0 = No receiver efror passive status has been reached.

1. Condition to set the flag: RWRNIF = (96 8 REC} & RERRIF & TERRIF & BOFF.F
2. Condition to set the flag: TWRNIF = (96 & TEC) & RERRIF & TERRIF & BOFFi=
3. Condition to set the flag: RERRIF = {127 8 REC 8 255) & BCFFIF
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NOTE:

TERRIF — Transmitter Error Passive Interrupt Flag
This flag is set when the MSCANQ8 goes into error passive status due 10 ina

transmit error counter exceeding 127 and the bus-off interrupt flag is not settl,
If not masked, an error interrupt is pending while this flag is set.

1 = MSCANOS went into transmit error passive status.

0 = No transmit error passive status has been reached.

BOFFIF — Bus-Off Interrupt Flag
This flag is set when the MSCANO8 goes into bus-off status, due to the transmit
error counter exceeding 255. It cannot be cleared before ihe MSCANOS has
monitored 128 times 11 consecutive ‘recessive’ bits on the bus. If not masked,
an error interrupt is pending while this flag is set.
1 = MSCANO8has gone into bus-off status.
0 = No bus-off status has been reached.

OVRIF — Overrun interrupt Flag
This flag is set when a data overrun condition occurs. If not masked, an errar
interrupt is pending while this flag is set.
1 = A data overrun has been detected since last clearing the fiag.
0 = No data overrun has occurred.

'RXF — Receive Buffer Full

The RXF flag is set by the MSCANOB when a new message is available in the
foreground receive buffer. This flag indicates whether the buffer is loaded with
a correctly received message. After the CPU has read that message from the
receive buffer the RXF flag must be cleared to release the buffer. A set RXF flag
prohibits the exchange of the background receive huffer into the foreground
buffer. If not masked, a receive interrupt is pending while this flag is sz

1 = The receive buffer is full. A new message is available.

0 = The receive buffer is released (not full).

To ensure data integrity, no registers of the receive buffer shall be ead whils the
RXF flag is cleared.

The CRFLG register is held in the reset state when the SFTRES bitin CMCRC is
set.

1. Condition 1o set the flag: TERRIF = (128 8 TEC & 255) & BOFFIF
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16.13.6 MSCANOE Receiver interrupt Enable Register

Address:  $0505

Bit7 6 5 ¢ 3 2 B2
Read:
W ‘t. WUPIE RWRNIE | TWRNIE | RERRIE | TERRIE BOFFIE QVFIE RXFIE
rite;
Reset: 0 0 0 0 0 0 0 o

Figure 16-20. Receiver Interrupt Enable Register (CRIER)

. WUPIE — Wakeup Interrupt Enable
1 = A wakeup event will result in a wakeup interrupt.
0 = No interrupt will be generated from this event.

RWRNIE — Receiver Warning Interrupt Enable
1 = A receiver warning status event will result in an error interrupt.
0 = No interrupt is generated from this event.

TWRNIE — Transmitter Warning interrupt Enable
1 = A transmitter warning status event will result in an error interrupt.
0 = No interrupt is generated from this event.

RERRIE — Receiver Error Passive Interrupt Enable
1 = A receiver efror passive status event will result in an error interrupt.
0 = No interrupt is generated from this event.

TERRIE — Transmitter Error Passive Interrupt Enable
1 = A transmitter error passive status event will result in an error interrupt.
0 = No interrupt is generated from this event.

BOFFIE — Bus-Off Interrupt Enable
1 = A bus-off event will result in an error interrupt.
0 = No interrupt is generated from this event.

OVRIE — Overrun Interrupt Enable
1 = An overrun event will result in an error interrupt.
0 = No interrupt is generated from this event.

RXFIE — Receiver Fuli Interrupt Enable
1 = A receive buffer full (successful message reception) event will resti:iin &
" receive interrupt.
0 = No interrupt will be generated from this event.

NOTE: The CRIER register is held in the reset state when the SFTRES bit in CMCRU is
set.
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16.13.7 MSCANO8& Transmitter Flag Register

NOTE:

The abort acknowledge flags are read only. The transmitter buffer empty flags are
read and clear only. A flag can be cleared by writing a 1 to the corresponding bit
position. Writing a 0 has no effect on the flag setting. The fransmitter buffer empty
flags each have an associated interrupt enable bit in the CTCR register. A hard or
soft reset will resets the register.

Address:  $0506

Bit7 6 5 4 3 2 1 8it 2
Read: 0 ABTAKZ | ABTAK1 | ABTAKO 0 o
) TXE2 TXET TXEC
Write: |
Reset: 0 0 Q 0 0 1

- = Unimplemented

Figure 16-21. Transmitter Flag Register (CTFLG)

‘ABTAK2-ABTAKO — Abort Acknowledge

This flag acknowledges that a message has been aborted due to a pending
abort request from the CPU. After a particular message buffer has been fiagged
empty, this flag can be used by the application software to identify whether the
message has been aborted successfully or has been sent. The ABTAKx fiag is
cleared implicitly whenever the corresponding TXE flag is clearec.

1 = The message has been aborted.

0 = The message has not been aborted, thus has been sent out.

+ TXE2-TXEO — Transmitter Empty

This flag indicates that the associated transmit message buffer is empty, 11us
not scheduled for transmission. The CPU must handshake (clear) the flag after
a message has been set up in the transmit buffer and is due for transmissicn.
The MSCANOS sets the flag after the message has been sent successfully. "re
flag is also set by the MSCANO8 when the transmission request was
successfully aborted due to a pending abort request (see 16,12, Transmit
Buffer Priority Registers). If not masked, a receive interrupt is pending whiie
this flag is set.
Clearing a TXEx flag also clears the corresponding ABTAKX flag (ABTAK, see
above). When a TXEx flag is set, the corresponding ABTRQ bit (ABTRE s
cleared. See 16.13.8 MSCANO08 Transmitter Control Register

1 = The associated message buffer is empty (not scheduled).

0 = The associated message buffer is full (loaded with a message cue “or

transmission).

To ensure data integrity, no registers of the transmit buffers should 2e writier ¢
while the associated TXE flag is cleared.

The CTFLG register is held in the reset state when the SFTRES bit in CMCRU s
set.
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16.13.8 MSCANO8 Transmitter Control Register

Address:  $0507

Bit7 ] 5 4 3 2 H Bit ¢
Read: 0 0 . '
_ . ABTRQ2 | ABTRQ1 | ABTRQO TXEIEZ TXEEY | TXEED |
Write: : :
Reset: 0 0 0 0 0 0 : Z

- = Unimplemented

Figure 16-22. Transmitter Control Register (CTCR)

ABTRQ2-ABTRQO — Abort Request

The CPU sets an ABTRQx bit to request that an already scheduled message
buffer (TXE = 0) be aborted. The MSCANOS8 will grant the request if the
message has not already started transmission, or if the transmission is not
successful {lost arbitration or error). When a message is aborted the associated
TXE and the abort acknowledge flag (ABTAK) (see 16.13.7 MSCANO038
Transmitter Flag Register) will be set and an TXE interrupt is generated if
enabled. The CPU cannot reset ABTRQx. ABTRQx is cleared implicitly
whenever the associated TXE flag is set.

1 = Abort request pending

0 = No abort request

NOTE: The software must not clear one or more of the TXE flags in CTFLG anc
‘simulftaneously set the respective ABTRQ bit(s).

TXEIE2-TXEIEQO — Transmitter Empty Interrupt Enable
1 = A transmitter empty (transmit buffer available for transmission) ever:
results in a transmitter empty interrupt.
0 = No interrupt is generated from this event.

NOTE: The CTCR registeris held in the reset state when the SFTRES bitin CMCRC is ser.

e e e o~ —
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16.13.9 MSCANOS Ildentifier Acceptance Control Register

Address:  $0508

Bit7 6 5 4 3 2 k 540
Read: 0 0 IDHITH IDHITO
) IDAM1 IDAMO L S —
Wit _
Reset: 0 - 0 v} 0 0 o} 0

- = Unimplemented

_Figure 16-23. ldentifier Acceptance Control Register (CIDAC?

IDAM1-IDAMO— Identifier Acceptance Mode
The CPU sets these flags to define the identifier acceptance filter organization
(see 16.5 Identifier Acceptance Filter). Table 16-9 summarizes the different
settings. In “filter closed” mode no messages will be accepted so that the
foreground buffer will never be reloaded.

Table 16-9. ldentifier Acceptance Mode Settings

IDAM1 IDAMO Identifier Acceptance Mode
0 0 Single 32-bit acceptance filter
0 1 Two 16-bit acceptance filter
1 V] Four 8-bit acceptance filters
1 1 Filter closed

IDHIT1--IDHITO— Identifier Acceptance Hit Indicator
The MSCANOS sets these flags to indicate an identifier acceptarce hit (see
16.5 Identifier Acceptance Filter). Table 16-9 summarizes the different

settings.
Table 16-10. ldentifier Acceptance Hit Indication
IDHIT1 IDHITO Identifier Acceptance Hit
0 0 Filter O hit
4] 1 Filter 1 hit
1 0 Filter 2 hit
1 1 Filter 3 hit

The IDHIT indicators are always related to the message in the foreground buffer.
When a message gets copied from the background to the foreground buffer. the
indicators are updated as well.

‘NOTE.'_ The CIDAC register can be written only if the SFTRES bit in the CMCRC /s ss?.
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16.13.10 MSCANOS Receive Error Counter

Address:  $050E
Bty 6 5 4 3 2 i B
Read:| RXERR7 | RXERR6 | RXERR5 | RXERR4 | RXERR3 | RXERRZ | RXERR1 | RXERRO ‘
Reset: 0 0 o 0 ' 0 0 ; ; :

- = Unimplemented

Figure 16-24, Receiver Error Counter (CRXERR)

This read-only register reflects the status of the MSCANOS receive error counier.

16.13.11 MSCANOS Transmit Error Counter

Address:  $050F
Bit7 6 5 4 3 2 J EiiC

Read: | TXERR7
Write: N o
Reset: 0 0 | a 0 0 ! "

_ = Unimplemented

Figure 16-25. Transmit Error Counter (CTXERR)

This read-only register reflects the status of the MSCANOS transmit efrcr ccunter.

NOTE:  Both error counters may only be read when in sleep or soft reset mode.
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16.13.12 MSCANOS Identifier Acceptance Registers

NOTE:

On reception each message is written into the background receive buifer. The CPU
is only signalled to read the message, however, if it passes the criteria in the
identifier acceptance and identifier mask registers (accepted); otherwise, the
message will be overwritten by the next message (dropped).

The acceptance registers of the MSCANOS are applied on the IDRO to IDR2
registers of incoming messages in a bit by bit manner.

 For extended identifiers, all four acceptance and mask registers are applied. For

standard identifiers only the first two {CIDMRO/CIDMR1 and CIDARO/CIDAR™ ) are
applied.

‘CIDARO  Address: $051C

Bit 7 6 5 4 3 2 i Eifl
Read:
. AC7 ACB ACS AC4 AC3 AC2 ACT 0 AZS
Write:
Reset: Unaffected by reset
CIDAR1 Acddress: $050511
Bit 7 & 5 4 3 2 ! 8%
Read:
) ACT ACE AC5 AC4 AC3 AC2 ACH AT0
Wirite:
Reset: Unaffected by reset
CIDAR2 Address: $0512
Bit7 6 5 4 3 2 : B3
Read:
. ACT ACE ACS AC4 AC3 AC2 ACH ~00
Write:
Reset: Unaffected by reset
CIDAR3 Address: $0513
Bit7 6 5 4 3 2 RN
Read: '
) AC7 ACS ACS AC4 AC3 AC2 ACH AZC
Write:
Reset: Unaffected by reset

Figure 16-26. Identifier Acceptance Registers
(CIDARO-~CIDARS3)

ACT-ACO — Acceptance Code Bits
ACT7-ACO0 comprise a user-defined sequence of bits with which tne
corresponding bits of the related identifier register (IDRn) of the receive
message buffer are compared. The result of this comparison is then masxsc
with the corresponding identifier mask register.

The CIDARO-CIDARS registers can be written only if the SFTRES bitin CAMCR0O is
set
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16.13.13 MSCANOS Identifier Mask Registers (CIDMR0~CIDMR3)

The identifier mask registers specify which of the corresponding bits in the identifier
acceptance register are relevant for acceptance filtering. For standard identifiers it
is required to program the last three bits (AM2-AMO) in the mask recister CIDMR”
to ‘'don’t care’.

CIDMRO Address: $0514

Bit7 6 5 4 3 2 1 =
Read: ‘
) AM7 AME AMS AM4 AM3 AM2 AlM ARG
Write:
Reset: Unaffected by reset
CIDMR? Address: $0515
Bit 7 6 5 4 3 2 | Zi
Read: ‘
. AM7 AME AMS AM4 AM3 AM2Z Al AR
Write:
Reset: Unaffected by reset
CIDMRZ Address: $0516
Bit7 6 5 4 3 2 i gL
Read:
. AM7 AME AMS AM4 AM3 AM2 AlM A
- Write:
Reset: Unaffected by reset
CIDMR3 Address: $0517
Bit7 6 5 4 3 z 1 1
Read:
) AM7 AMB AM5 AM4 AM3 AM2 Alf1 ARAC
Write:
Reset: Unaffected by reset

Figure 16-27. Identifier Mask Registers
(CIDMRO-CIDMR3)

AM7-AMO — Acceptance Mask Bits

If a particular bit in this register is cleared, this indicates that the correspending
bit in the identifier acceptance register must be the same as its identifier nit
before a match will be detected. The message will be accepted if ali such bits
match. If a bit is set, it indicates that the state of the corresponding bitin the
identifier acceptance register will not affect whether or not the messsage is
accepted.

1 = Ignore corresponding acceptance code register bit.

0 = Match corresponding acceptance code register and identifier iis.

NOTE:  The CIDMRO-CIDMR3 registers can be written only if the SFTRES bit in the
CMCRQ is sef
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INTRODUCTION ‘

The SAST75 Is a monolithic Serial Gauge
Driver (SGD) whichi can be used o directly
drive Air Core Metats (ACM) typlcally used
in automobile dashboards (Flgure 1). The
circuit interfaces with the serai bus of a
microprocessor, has 10-bit resoiution (0.35
degrees) and is guaranteed to be monoionic.
Data can be shifted through the part so that
several SASTT5s can be cascaded with only
one chip select line. On-board dircuitry
protects the circuit from q;dema! faults.

PRINCIPLES OF AIR CORE

METERS

In many meter applications hitherto,
DArsonval type of mavements have been
used. In this, a fleld coil is used aleng with a
permanent magnet. When a current passes
through the fieid coil, it generates a magnetic
field. The magnetic field, due to the fiekd coil,
interacts with that due to the permanent
magnet producing a resultant force that
causes a needle to daflect, the deflaction
baing controfled by a spring. Calibration of
the current results in known deflections of the
needle which is used to indicate the desirod
reading. While the advantage of such a
system lias in its low cost and wellFknown
behavior, there are also a number of ‘
disadvantages.

1. The strength of the mechanical spring
degrades with age and with tamperature
cycling.

2. The permanent magnet ages with a
lassaning of the magnsetic field. This
makes it harder for it to pull the needie
against the spring.

3. The mechanism is prone to damage dua
to vibrations from handling and cther
causes.

To overcome somae of these pioblems, Air
Core Meters have been used quite
successfully. In this type of movement, there
are two coils which are wound at 90° from
one another (ses Figures 2 and 3). A needls
is attached to a magnetized disk that is
positioned between the twa coils, When
curents 90° out-of-phase with each other
pass through the two coils, the resultant
magnetic fialds produce a force which moves
the disk. The position of the disk is
dependent upon the ratio of the currents in
the twa coils. By varying this ratio, the disk
and hence the needle position can be varied.

The advantage of such a type of mavement
lies in the fact that:
1. There are no springs
2. Only effect of magnetic strength
degradation with age is in slowing of
mechanical response time
3. Accuracy does not degrade with age
4. Not prone to damage due to
vibration/handling on account of rugged
sleeve bearings
5. Built-in damping

Figure 2.
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THEORY OF OPERATION
In a solenocid, the strength of the magne-ic
field produced is given by
H=n!
= nun.per of turng
1= current -hrough the oo

where

When two coils are placed at right angles as
shown in Figure 3 witd the cuments through
the two coils being I and Ig, the rasultarn:
magnetic fields are

He = nt.

He = nlg -]

Then the magnitude. of the resultar: Mag
field H is given by tne vector sum =f =1 or.
Hg, namety

fnz . 1
M= R =
and the angle of the magnelic Sels i«
/f";'
LH = Are tan |

The currenis I and Ig have e o and
relationship as shown in Figu-c 4, 5 tha

3602 e 4

ln = i Cos (1024 Coco .
. {3600 O “

Is = 1 8in (——7024 Coc's; .

22 219 tits ave used for resciui
and where code is the inpu? eoc
Substituting 4a and 4b in (7}, i anr 3
vields

o=
and
o (S8
LH = Arc tan \Cos ©
where
360°
(1024 Code |

From Equations (5} and (6}, it is ciear snat s
‘orque which is dependent uper |Hi s o

constant if | ks constast and ¢
dependent upon the inpirt code .
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SA5775 Air core meter driver applications information AN1761
The primary function of the SGD IC is to FUNCTIONAL DESCRIPTION
generate the trgnsfer function that maps an The SA5775 which is housed in a 16-Pin
input code into the correct voltages for . package has terminal connections as shown
linearly controiling the SIN and COS coilsof ~ ip Figure 6. The function of each pin is
an air core display. 'This circuit receives described in Table 1.

commands via an intemnal serial data

interface port which is SPI compatibie. The

parts can be serially cascaded to minimize E e E cost-

the necessary interface signals in multi-chip Sih-

systems. Tha SGD has 10-bit resolution SINe E T_,‘J cos-

(0.35 degrees) and is guaranteed tobe - -

moenotonic. Theinput data is directly AGNUE 141 AgND

proportional to the displayed angle in I

degrees. An input code of all O's gives an VB8 E | ) oeno

output angle of 0.176 degrees; all 1's will DATAGUT E 112 ne

generate a full-scale output of 359.82 —

degrees (see Table 2). The SGD autput oatan [ ¢ | (11 st i

buffers are capable of sourcing up to B0mA I

per differential driver to control a single air. VCCE E cs

core display directly. ‘ OE E Z] Scik |
|

Figure 6. Pin Configuration

Table 1. SA5775 Pin Descriptions
Pin#| Name ‘ Function
1 SIN~ | Negative output connection to the SIN coil of the gauge.
SIN+ ; | Positive outpit connection {o the SIN cuil of the gauge.
Acgnp | Ground for Vigy supply. Pins 3, 13 and 14 connected on the ckt board.
Ves Analog supply. Nominally 14.0V.

DATAqy | Serial data output. Output of the internal shift register. When a new
T data word is shifted In, the old word is shifted out the DATAgy pin.

6 DATA)y | Serial data input. A new data word Is serfally shifted into the part on the
rising edge of Sg k. The data is shified in MSB first.

tialwlN

7 Vee 5V logic supply. The internal latches and registers are set to zero on the
rising edge of this signal.

8 OE Output drivers are tumed off when this input is low. Current draw is
minimized.

9 Scik | Senal dock input. Data is loaded into the part on the rising edge of
Scik-

10 cs Active high chip select input. When CS is high, the part is enabled o

receive a new serial input word, The high-to-low transition of CS loads
the new 10-bit word into the DAC registers and updates the output.

1 ST Status output from this IC to indicate that the outputs have been dis-
abled. The outputs may be disabled due to shorted outputs, over tem-
perature conditions, power up reset, or output anable control pin. This
output is an open drain output. Multiple status outputs may be wire
OR'ed together. This output is low when the outputs are disabled due to
a fault condition.

12 nc Not connected

13 Dgnn | Ground for Ve supply. Connect to Pins 3 and 14.
14 Agnp | Ground for Vgg supply. Connect to Pins 3 and 13,

15 COS— . | Negative output connection to the COS coil of the gauge.

16 COS+ | Positive output connection to the COS coil of the-gauge.

[
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