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Introduction

The Controller Area Network was developed by Robert Bosch GmbH as a serial communications protocol for use
in automotive applications. It has been optimised for operation in interrupt-driven, real-time environments and
meets the requirements of the following:

— medium speed applications (SAE class B), such as information transfer between body electronics modules

— high speed applications (SAE class C), which include data transfers between automotive modules such as
Antilock Braking (ABS), Engine Management and Transmission Control Units.

In addition to its key role within the automotive multiplexing market, CAN is also finding widespread use in
industrial control applications. The protocol is ideal for transfer of information between plant floor devices, such
as actuators, sensors, switches and smart motor controllers within an industrial control system.

The wide range of CAN applications already in existence, and the number of products currently available from a
range of major semiconductor manufacturers, give some indication of the key role that the protocol will have in
both automotive and industrial markets. The wide range of applications will provide a market for an extensive
range of products in the future. Motorola now produces several MC68HCO05-based microcontrollers with on-board
CAN modules.

MCAN Overview

The Motorola CAN (MCAN) module includes all the hardware blocks necessary to support the CAN protocol
specification — Rev. 2.0 Part A.

The MCAN module has been integrated into a range of Motorola’s MC68HCO05 microcontrollers which includes
the MC68HCO05X4, X16 and X32.

The MC68HC05X4 comes with 4 K bytes of ROM, 176 bytes RAM, a 16-bit timer and a separate core timer to
provide watchdog and real-time interrupt facilities. The HC05X16 has been developed from the HCO5B6 family
and incorporates 15118 bytes of ROM. 352 bytes of RAM, 256 bytes of EEPROM, a free-running 16-bit timer with
two input capture and two output compare channels, an 8-channel A/D converter, a Serial Communications
Interface and two Pulse Length Modulation channels. The HC05X32 is the newest addition to the HCO5X series.
It has all the features of the HC05X16, but the memory has been extended to provide 31248 bytes of ROM and
528 bytes of RAM. EPROM versions of the HC05X4 and HC05X32 are also available.

Figure 1 shows a block diagram of the HC05X32.
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Figure 1 MC68HC05X32 Block Diagram

The MCAN module structure is identical on all the HCO5X family variants. Figure 2 shows a block diagram
for the module.
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Figure 2 MCAN Block Diagram

The Transmit Buffer acts as an interface between the CPU and the Bit Stream Processor (BSP). It is ten
bytes long and is capable of storing a complete message and identifier. Figure 3 shows the contents of the
Transmit Buffer Identifier register (TBI), the Remote Transmission Request and Data Length Code Register
(TRTDL) and the Transmit Data Segment Registers (TDS) 1 — 8. The CPU may write to the Transmit Buffer
when there is no message currently being transmitted or awaiting transmission. After a message has been
stored in the Transmit Buffer and the CPU has requested a transmission (by setting Transmission Request
in the MCAN Command Register), the buffer is locked and the BSP has exclusive access to it. After
message transmission has completed, the buffer is unlocked allowing it to be accessed again by the CPU.

There are two full Receive Buffers (each ten bytes in length) used to handle all incoming messages being
passed from the BSP to the CPU. Each Receive Buffer is capable of storing an entire message and has a
layout identical to that of the Transmit Buffer. They are arranged in a double buffered configuration, with
each buffer occupying the same area of the memory map. When the first buffer is filled it can be read by
the CPU as a second incoming message is being transferred by the BSP into the second buffer. After the
CPU has read a message from the Receive Buffer it can release that buffer, making it available for storing
the next incoming message and allowing the second buffer to be read once it contains a complete
message.
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Transmit Buffer Identifier Register (TBI)

$2A ID10 ID9 D8 ID7 ID6 ID5 ID4 ID3

Identifier bits 3 - 10

Remote Transmission Request and Data Length Code Register (TRTDL)

$2B ID2 ID1 IDO RTR DLC3 DLC2 | DLC1 | DLCO

jl Data Length Code Bits 0 - 3

Remote Transmission Request - RTR

% Identifier bits 0 - 2

Transmit Data Segment Registers (TDS) 1- 8

$2C-$33 | DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB1

Figure 3 Transmit Buffer Registers

Figure 4 shows the MCAN register addresses. In addition to the Transmit and Receive Buffers there are a
further nine registers used to allow initialisation and control of the MCAN module and provide status
information to the CPU.
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282 — _ 25(1) MCAN Control Register

$02 | cControl —] $22 MCAN Command Register

$03 | Registers — $23

:gg - _] 2?51 MCAN Status Register

283 - — ig? MCAN Interrupt Register

:8&83 - — igg MCAN Acceptance Code Reg.

MCAN Acceptance Mask Reg.
MCAN Bus Timing Register 0
S0 $2A \ us Timing Regi
:82 - — zgg MCAN Bus Timing Regiser 1
I~ Transmit ]

igg —  Buffer — z;g MCAN Output Control Register
OF |__ — 1 $2F

ilO 230 (reserved)

$11 | ] $31

$12 | — —1 $32

$13 $33

$14 | <7 = —

$15 | _ | $35 - —

$16 | . _ | $36 - . |

$17 | Receive | $37 N Receive ]

$18 | Buffer0 | $38 | Buffer1 ]

$19 | _ | $39 - —

$1A | _ | $3A - —

$1B | __ _| $3B - —

$1C [ | $3C - |

$1D $3D ... ..

Figure 4 MCAN Registers

Control Register (CCNTRL)

MODE | SPD i OIE EIE TIE RIE RR

L Reset Request
Receive Interrupt Enable

Transmit Interrupt Enable
Error Interrupt Enable
Overrun Interrupt Enable

Speed Mode
Mode

The Control Register provides the local mask bits for the CAN module interrupts. In addition it contains the
Reset Request (RR) bit, which is set to disable the CAN module operation and allow access to the message
filtering, bus timing and output control registers.
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Command Register (CCOM)

RXO0 RX1 gEO:VIP SLEEP COSs RRB AT TR

Transmission Request
Abort Transmission
Release Receive Buffer
Clear Overrun Status
Go to Sleep
Comparator Select
Receive Pin 1 - Passive
Receive Pin 0 - Passive

The Command Register is a write only register which contains the Release Receive Buffer (RRB) and
Transmit Request (TR) bits. RX0, RX1 and COMPSEL are used to control the input comparator
configuration, allowing it to operate correctly for single-wire and differential modes of operation.

Status Register (CSTAT)

BS ES TS RS TCS TBA DO RBS

Receive Buffer Status

Data Overrun

Transmit Buffer Access
Transmission Complete Status
Receive Status

Transmit Status

Error Status

Bus Status

The Status Register provides information on a number of conditions which can occur in the CAN module.
This includes information on the status of the last requested transmission, incoming messages and the
availability of the Transmit Buffer for acceptance of new messages for transmission. It also provides a flag
to indicate the module ‘off bus’ state and provides limited information on the status of the error counters.

Interrupt Register (CINT)

WIF OIF EIF TIF RIF

Receive Interrupt Flag
Transmit Interrupt Flag
Error Interrupt Flag
Overrun Interrupt Flag
Wake-up Interrupt Flag

The MCAN module has only one interrupt vector assigned to it. The Interrupt Register can be read to
determine the source of a CAN interrupt. The five interrupt sources include; Wake Up, Data Overrun ( a
third message being received before either of the Receive Buffers have been released), Error (either read
ot write error counter reaching a pre-determined level), Transmission Complete and Receive Interrupt.
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Acceptance Code Register (CACC)

AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO

Acceptance Code Bits 0 - 7 (ID10 - ID3)

Acceptance Mask Register (CACM)

AM7 AMG6 AMS AM4 AM3 AM2 AM1 AMO

Acceptance Mask Bits 0 - 7 (ID10 - ID3)

The Acceptance Code and Acceptance Mask Registers are used to provide limited message filtering on the
eight most significant bits of the identifier. The Acceptance Mask Register defines which bits of the the
Acceptance Code Register are compared with the identifier of the incoming message. If the MCAN module
receives a message with an identifier which does not meet its acceptance criterion, then it will respond by
transmitting a dominant bit in the correct position of the ACK field, but will not transfer the message to the
receive buffers or indicate to the CPU that a new message has been received.

Bus Timing Register 0 (CBTO)

SJw1l | SJwo BRP5 | BRP4 | BRP3 BRP2 | BRP1 | BRPO

Baud Rate Prescaler
Bits0-5

Synchronisation Jump Width 0
Synchronisation Jump Width 1
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Bus Timing Register 1 (CBT1)

TSEG |[TSEG |TSEG TSEG TSEG | TSEG | TSEG
22 21 20 13 12 11 10

SAMP

] — Time Segment 1

] ___ Time Segment 0

Sampling ( 1 or 3 samples per bit)

The Bus Timing Registers are used to select a suitable baud rate prescaler value to provide an appropriate
tsc value, which is then used to derive the bit time and position of the sample point within the bit. Figure 5
shows the components of the CAN bit time. The Bus Timing Registers allow the two values, TSEG1 and
TSEG2, to be defined. TSEG1 is the sum of PHASE SEG1 and the PROP_SEG. TSEG2 is equal to
PHASE_SEGZ2. The Bus Timing Registers also define the size of the RESYNCHRONIZATION JUMP WIDTH.
This is the amount by which a bit can be lengthened or shortened during the resynchronisation process.

- Bit Time |
SYNC_ < 1sge1 P | <152 B | STNC
SEG SEG

1 Clock Cycle t Sample Point Transmit Point

SCL

Figure 5 Segments within the Bit Time

Output Control Register (COCNTRL)

OCPOL OCPOL

OCTP1 | OCTN1 OCTPO | OCTNO OCM1 | OCMO

) Output Control Mode

TXO Output Polarity Control
Enable N type o/p Transistor 0
Enable P type o/p Transistor O
TX1 Output Polarity Control
Enable N type o/p Transistor 1
Enable P type o/p Transistor 1

The Output Control Register (COCNTRL) is used to determine the configuration of the output drivers on
the CAN transmit pins. The Output Control Mode bits allow normal differential operation, bi-phase
operation or a special test mode to be selected. Figure 6 illustrates the internal logic of the MCAN driver
and comparator logic and shows what a typical CAN bus physical interface might look like. The output
drivers can be selected for pull up, pull down or push pull operation by selectively enabling or disabling the
P type and N type transistors in the output driver circuits via the OCTNO/1 and OCTPO0/1 bits. The COCNTRL
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register also allows the data output to be inverted if required. The most usual configuration is for
complementary levels to be transmitted on the TX0 and TX1 pins (two-wire differential operation). The bus
termination network should ensure that the bus reverts to its recessive state when the driver transistors
are switched off.

CANH CANL

TXPO

TXNO

t
T

RX0 RXO0 Passive
® —@
L R
\Q—Q—\ Data
—Q y
/ ) RX1 Passive
RX1 * 2 |
® ! |
1
SC O>-
[ [ s > COMPSEL

3 o- ‘
sc | Wake-Up

O—
_\
P>
VDD/2
VDDH
—@ L 4

INTERNAL TO MCAN

Figure 6 Typical Physical Interface between MCAN Module and CAN Bus
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Both the output drivers and the input comparators can be configured for single wire operation in the event
of a bus fault occurring. Either input to the comparator can be disconnected from the device pin and
connected to the VDD/2 signal to provide a mid-level reference against which the other input can be
compared. The VDDH signal can be supplied either internally from the device or from an external source.

The MCAN module also incorporates a sleep mode. This is entered when the SLEEP bit in the Command
register is set and there is no activity on the CAN bus. During sleep mode the active comparator is disabled
to reduce power consumption. The low power sleep mode comparators will detect CAN bus activity and
bring the module out of sleep mode. Because of the reduced accuracy of the sleep mode comparators, the
CAN frame that reactivates the module from sleep mode will not be stored.

MCAN Software Handling

The MCAN module with its simple transmit/receive buffer structure is required to handle messages on a
message by message basis. This means that for each message transmitted or received via the CAN bus,
CPU intervention is required. The following routines, written for the HC05X4, provide a simple illustration
of how the CAN module is initialised and controlled by the CPU.

The initialisation routine INIT configures the bus timing registers to provide a 10 us bit time comprising 10
tSCL segments, derived from a 4 MHz clock input. The output drivers are set up for complementary push
pull operation to switch the driver transistors on the bus illustrated above. The Acceptance Mask register
has been set up so that all messages are received. The transmit routine checks the state of the Transmit
Buffer and, if necessary, waits for it to become available before transferring a message (up to 10 bytes in
length) from RAM (TXSTART - TXSTART+9) to the Transmit Buffer registers. The Data Length Code (DLC)
portion of the message is checked to determine the number of bytes to be transferred. The Transmit
Request bit in the Command Register is set to initiate message transmission. The Receive routine should
be called after an incoming message is detected (either through an interrupt or by polling). The DLC is
checked and the appropriate number of data bytes are transferred from the Receive Buffer before it is
released by setting the Release Receive Buffer bit in the Command register.

khkhkkhkhkkhkhkhhkhkhhhkhhhkhhhhkhhhhhhhhhhhhhkhhhkhhhkhhhhhkhhhhhhkhhhkhhkhkhkhkhkkhkrkk kk**

* HCO5X4 CAN Initialisation, Transmit and Receive Exanples

khkhkkhkhkhhkhkhhhhhhkhhdhhhhhhdhhhdhhhdhhhdhhhhhdhhhdhhhdhhhdhhhdhhhddhddhddrddrdrrdrxdk

*

* Regi st er Equat es
PORTA EQU $0000
PORTB EQU $0004
*
* CAN Regi sters
CANCTRL EQU $20 ; CAN Control Register
CANCOM EQU $21 ; CAN Command Regi st er
CANSTAT EQU $22 ; CAN St atus Regi ster
CANI NT EQU $23 ; CAN I nterrupt Register
CANACC EQU $24 ; CAN Accept ance Code Regi ster
CANACM EQU $25 ; CAN Accept ance Mask Regi ster
CANBTO EQU $26 ; CAN Bus Timing Register 1
CANBT1 EQU $27 ; CAN Bus Timng Register 2
CANCPC EQU $28 ; CAN O P Control Register
CANTX EQU $2A ;Start of CAN Tx Buffer
CANRX EQU $34 ;Start of CAN Rx Buffer

ORG $0050

TXSTART RVB 10; RAM Transmit Message Buffer
RXSTART RVB 10; RAM Recei ve Message Buffer
*
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*
EIE IR R I R I I I R I I I I I I I I I I I I I R I I I R I I I I I I I
. L
CANINIT - Initialise CAN Mdul e
EE R R R I b I I S I b S I R I I I I

*

CANINI'T LDA #$61

STA CANCTRL ;Disable err. int.
* ; speed node = slow, reset request high

LDA #$FF

STA CANACM ; Accept all codes

LDA #$C1

STA CANBTO ;Set up bus tinmng reg. O
;(tSCL = 1 uS, tSIW= 4 x tSCL)
;(tBIT = 10uS with 4 MHz crystal)

LDA #$34

STA CANBT1 ;Set up bus timng reg. 1
;(tSEGL = 5 x tSCL, tSE&R = 4 x tSCL,
;tBIT = 10 x tSCL)

LDA #$DE

STA CANOPC ; Set output control register

; (Normal nmode 1, OCTPO = OCTNO = 1,
; OCTP1 = OCTN1 = 1, o/p drivers Tx0 and
; TX1 push/pull - both NTRANO and PTRANO
; enabl ed, OCPOLO =0, OCPOL1 =1, Tx0 * *
; Tx' ed inverted, Tx1 tx'ed normally).

* X X

LDA #$60

STA CANCTRL ; Set up CAN control reg.
* ;set reset request |ow

RTS

*

LR R R I R I R I R I I I I I S R R R I S I I R O I I R R I O

* TRANSM T - Transfer CAN nessage fromRAMto Trasmit Buffer and

* Lo . .
Initiate nessage transm ssion.
hkkhkhkhhhhhkhhkhhkhhhkkhhkkhhkhhhkkhhkkhhkkhhkhhhkkhkkhhkkhhkkkhkkhkkhkkhkkk kk k%

TRANSM T BRCLR 2, CANSTAT, * :Wait for Transmit Buffer Access set
*

LDA TXSTART+1

AND #$0F
TAX ; Xreg. contai ns no. of databytesto* *
; Transm t
NXTBYTE LDA TXSTART+1, X  ; Fetch byte from RAM
STA CANTX+1, X ; Store data byte in MCAN Transmit Buffer
DECX
BNE NXTBYTE
LDA TXSTART+1
STA CANTX+1
LDA TXSTART
STA CANTX
*
LDA #$01
STA CANCOM ; Request transm ssion
*
RTS
*
EB421/D For More Information On This Product, MOTOROLA
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ER R S R R O I S R R L O R R R S S R R R S O R

* RECEIVE - Transfer CAN nmessage from Receive Buffer to RAM and
* rel ease Receive Buffer.

EE IR I I S I I I R S R I R R R I R R I S R R I S R R I I R I I R S S O

*
RECEI VE LDA CANRX+1 ; Load RRTDL
AND #$OF ; Acc contains no. of data bytes rx'ed
TAX ; X reg. contains no. of data bytes
* ; recei ved
NXRBYTE LDA CANRX+1, X ; Fetch byte from MCAN Recei ve Buffer
STA RXSTART+1, X ; Store byte in RAM
DECX
BNE NXRBYTE
LDA CANRX+1
STA RXSTART+1
LDA CANRX
STA RXSTART
*
LDA #$04
STA CANCOM ; Rel ease Receive Buffer
*
RTS
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