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FOREWORD

Controller Area Network (CAN) is an advanced serial communication protocol which
efficiently supports distributed real-time control with a very high level of
security.

Its domain of applications range from high speed networks (greater than
125K bits/s) to low speed multiplex wiring (10K bits/s or less).

1. SCOPE:
The scode of this specification is to define the transfer layer and the
consequénces of the Controller Area Network (CAN) protocol on_the surrounding
layers.

2. GENERAL [FEATURES:
CAN has|[the following general features:

MULTIMA$TER ARCHITECTURE: Assurance that any node can have access [to the bu§
for trapsmission of messages.

PRIORITIZATION OF MESSAGES: Bus access iscdetermined by the selectfable
predetermined priority of the 2032 different messages allowable.

GUARANTEE OF LATENCY TIME: Assurancesthat the maximum latency timg for the
highest|priority message is less thaw 150 us (at 1M bits/s).

BROADCA$T MESSAGE TRANSFER: Any-number of nodes can receive and
simultaneously act upon the samé message.

MESSAGE |ARBITRATION: If two or more senders start transmitting megsages at
the sam¢ time, the bus access conflict is resolved by nondestructive
priorit{zed bitwise arbitration via the message identifier.

DATA CONSISTENCY:SAssures that a message is simultaneously accepted ‘either
by all npodes or~by no node.

PROGRAMMABLE/ TRANSFER RATE: The bit-rate is programmable up to Tm[bit/s;
once set At is uniform and fixed in the system.

POWERFUL ERROR HANDLING: Includes automatic retransmission of corrupted
messages and distinction between temporary errors and permanent failures of
nodes.

CONFIGURATION FLEXIBILITY: Nodes may be added without requiring any change
in the software or hardware of any node or application layer.

FAULT DETECTION: Distinction between temporary errors and permanent failures
of node and autonomous switching off of defect nodes.

-4 -
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CAN ARCHITECTURE:

To achieve design transparency and implementation flexibility CAN has been
developed structurally in layers. Different silicon implementations will
integrate these layers to different depths in hardware. This information
report will address the protocol, or bus communication rules, that all

- implementations must support or have the capability of supporting. One
implementation example already in production is the Intel 82526. An overview
of its functionality and use is provided in Appendix A. Another such
implementation is BasicCAN. It is not within the scope of this document to
cover BasicCAN in detail. Future updates may provide additional information.

The laydrs are:
a. Objdct Layer: The scope of the object layer includes:

1) |Deciding which messages received by the transfer!layer are pctually
to be used (acceptance filtering)
2) |Determining which messages are to be transmitted (prioritized message
handling)
3) |Providing an interface to the host CPU if“there is a host ip the
system,

b. Transfer Layer: The scope of the transfer layer includes:

1) [Error checking

2) |Error signalling and confinement

3) |Message validation and acknowledgement
4) |Performing arbitration

5) [Controiling message framing

6) [Fault confinement

7) |[General features of-bit timing

c. Physical Layer: (The scope of the physical layer is the actual| transfer
of |the message bits between the different nodes in the network| with
regpect to allielectrical properties. This includes: Signal [level, bit
refresentation, and transmission medium. The protocol does noft specify
the signal_level and transmission medium. This is done intentfionally to
allow the user or system designer to adapt CAN to the specific
application and application environment. MWithin one network the
physical layer, of course, has to be the same for all nodes. [There may
be, however, much freedom in selecting a physical Tayer.

-5 -
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4.
4.1

4.2

BIT REPRESENTATIONS, CODING/DECODING, AND STUFFING:
Bit Representations:

There are two logical bit representations defined: "dominant" and
"recessive". A recessive bit on the bus line appears only if all connected
nodes at that time send a recessive bit. If one or more nodes send a
dominant bit, the bus line reflects a dominant bit. In other words, a
dominant bit always overwrites a recessive bit if emitted on the bus at the
same time by a different node. If the electrical bus is implemented as an
npn-open-collector bus, a dominant bit corresponds to a low level signal and

ing/Decoding and Stuffing:

oding is performed with an NRZ bit waveform representation [using bit
ing. Bit stuffing is used in the following frame ségments:

rt of frame
itration field
trol field
Data field

CRC sequence

© QO T W
()
@)

Whenever the transmit logic of CAN device, detects five consecutiveg bits of
jdenti¢al levels to be transmitted, itiinserts a complement bit in the
transm{tted bit stream. MWhenever a €AN device receives five idenfical
consecitive bit Tevels in the bit stream, its receive lTogic will
automatically delete the next bit from the data stream (destuffing).
Figure[1 for further detail.

S

See

1o b7 1 1 1 1.1 1Joof1]lo o of+ ORIGINALBIT%TREAM

\SlXTH CONTIGUOUS "1"

10)11111011001000TIB|TSTREAMONBUS

N\ 'OPPOSITE BIT "STUFFED" IN STREAM
Vo kBT 1o o fle o of T} FINAL BIT STREAM

N (RECEIVER)
*STUFFED BIT DELETED BY RECEIVER

FIGURE 1 - Bit Stuffing
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5. ARBITRATION:

The CAN protocol defines that each single message used in the communication
network has a unique identifier. Using this method, the identifier assigns a
name to the data frame and automatically implies the priority of the

message. As a result, the identifier during bus access represents not only
the message name but, more important, the priority of each specific message.
Since the most significant bit (MSB) of an identifier is transmitted first,
the identifier with the smallest digital value has the highest priority for
bus access.

When bug idie is detected, any node may start to transmit a messagel In a
case whdre two or more CAN devices start a message transfer concurvgpntly, the
bus accdss conflict is solved by prioritized bitwise arbitration peyrformed
during tthe transmission of the arbitration field.

The transmit logic of a given node compares the bit Tevel,transmittpd to the

Tevel mgnitored on the serial bus. The transmit logic ‘immediately will stop

a currenit message transfer if a recessive bit was sent, but a dominapt bit was
monitordd. This method guarantees the data transfev of the message| with the

highest [priority even if there is a collision during the arbitratiop field of
onhe Or more messages.

An idenflifier can never be used for more than one specific message (total
available number of identifiers = 2032).~.“This guarantees that two pr more
nodes ngdver simultaneously start a transmission of a data frame with the same
priority of data. One exception would be a frame transfer simultanpously
initiatdd by a transmitter and receiver. If one CAN device generatps a
request |[for actual data of a cert@in type by transmitting a remote frame and
the CAN [device normally transmitting that data transmits simultaneopsly, the
CAN device responsible for this type of data will win the arbitratipn and
continud the transmission. ‘_Hence, arbitration can not be solved by| the
identifi{er itself. For this reason, the remote transmission requesft
(RTR-BIT) is included n the arbitration field. The RTR-BIT of the
transmifter is always ,set dominant and, therefore, has a higher priprity than
the requesting RTRBIT recessive. In this case, the remote transmigsion
request |by the réceiver gets an immediate response by the transmitter.

6. CAN MESSAGE £RAME TYPES:

The CAN |device supports four different frame types:

Data frame
Remote frame
Error frame
Overload frame

o0 T w

.

Distributed under license from the IHS Archive


https://saenorm.com/api/?name=eb3d980f25ec604ed04e62a13198ccda

SAE J*1583 90 EE 8357340 0053035 4 WE

SAE

J1583 Issued

MAR90

6.1

6.1

6.1

Data Frame:

A Data Frame is composed of seven different fields:

START OF FRAME

FIGURE 3 - Arbitration Field

a. Start of frame
b. Arbitration field
c. Control field (Identifier)
d. Data field (Data segment)
e. CRC field
f. Acknowledgement field
g. End of frame
BUS INTER
IDLE [ DATA FRAME gﬁi\\'\é‘é
1 12 6 0 to 64 16 21 7 3
l3 lDATA-FIELD l IEND OF FRAME
ONTROL-FIELD ACK-FIELD
ARBITRATION-FIELD CRC-FIELD
START OF FRAME
FIGURE 2 - Data FErame

.1 Startl of Frame: Signals the start ofia data or remote frame. It consists
of a|single dominant bit used for assynchronization of receiving| nodes.
The (AN device will start a transmission only if a bus-idle statp is
detedqted. All nodes must synchronize to the leading edge of the| node
startling transmission first,

.2 Arbitiration Field: Conslists of the message identifier and one apditional
control bit RTR-BIT. . The simultaneous message transmission start of two
or mdre nodes is solved by bitwise arbitration during the transmission of
the grbitration field (for more details see Section 5).

— ARBITRATION FIELD —{ cONTROLFIELD
1 11 1
| IiDENTIFIEF& lF(TF!-BIT

- 8 -
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6.1.2.1 Identifier: This 11-bit field provides information about each
individual message as well priority for the message. The iden

tifier

defines the corresponding specific message (e.g., engine speed,

temperature, pressure, etc.) of a communication object. It's
value represents the message priority for bus access.

NOTE: An identifier may be a physical or functional address o
combination of the two to determine a receiver of a fra
multidrop line. The receiving CAN device decides, base
acceptance filter process of a received 1dent1f1er whe

jved within a correct frame is to be accepted

-BIT: (Remote Transmission Request) A station, active-as

initiate the transmission of the data by transmissionof a
me to the network, addressing the data source via the“ident
Within a data frame, the RTR-BIT is transmitted as a-dominant
(fqr more information see 6.2).

6.1.2.2 RT

6.1.3 Control Field: This field consists of 6 bits. If“includes the
lengilh code and two reserved bits. The reserved.bits are automa
trangmitted with a dominant bit Tevel. The length of the data f
segmgnt) is coded in bytes.

DATAO
AHBIFTIE/ESON !'———- CONTROLFIELD ————*l CRCFIE
R1 R2 |DLC3|DLC2]DLC1IDLCO

RESERVED
BITS DATA-LENGTH-CODE

FIGURE 4 - Control Field

digital

ra
me on a
d on the
ther data
or not.

b receiver
remote
ifier.

bit level

data
tically
ield (data

A
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6.1.4 Data Field: Data stored within the corresponding data segment in the
Communication Buffer is transmitted within the data field. The length of
the data field varies in the range from O to 8 bytes based on the value of
the data Tength code. The byte at the lowest address of the data segment
will be transmitted MSB first.

O
>

;é Tg\ DATA-LENGTH-CODE

YTES | DLC3 | DLC2 | DLC1 | DLCO

—

1

O~NOOTRARWN—O
~ 00000000
Q====000Q0

Q=00 ~=00
O—=0=0—~=0—~0Q

"d" = dominant, "r" = recessive

FIGURE 5 - Data Lepgth Code

6.1.5 CRC Hield: Contains the CRC checksum (15 bits) followed by the (CRC
delimiter (1 bit). The cyclic redundancy code includes the starjt of frame
bit, |arbitration field, control field, data field and CRC field.| The most
significant bit (MSB) is transmitted first. The frame check sequence
impigmented in the CAN device is derived from a cyclic redundancly code
best |suited for frames wWith a total bit count of less than 127 biits (BCH
Code). MWith start of frame included in the code word, any rotatfion of the
code [word can be detected by the absence of the CRC delimiter ("recessive"
bit)| (For further-information about the CRC, see 7.6.)

l'———-— CRC FIELD————" ACKFIELD

15 1

I - lc C DELIMITER
DATA OR CONTROL FIELD ~ Crie-SEQUENCE R

FIGURE 6 - CRC Field

- 10 -
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' 6.1.6 Acknowledgement Field: The ACK-field consists of two bits, the ACK-slot
and ACK-delimiter which are sent with a "recessive" level by the
transmitter. Any receiving CAN device acknowledges to the transmitting
CAN device a match of the complete/correct CRC check sum within the
ACK-slot by superscribing this recessive bit with a dominant bit. A
transmitter monitoring the bus level recognizes that at least one receiver
within the system has received a complete and correct message (no error
was found). The ACK-SLOT is surrounded by two recessive bits: The CRC
delimiter and the ACK delimiter.

ACK FIELD'
CRC FIELD END OF FRAME

15 1 1 1

l |ACK DELIMITER
ACKSLOT

CRC DELIMITER

FIGURE 7 - Acknowledgement Field

6.1.7 End of Frame: Each data frame or remote frame is delimited by {he end of
frame bit sequence which consists of\seven "recessive" bits (exdeeding the
bit ptuff width by 2 bits). A receiver detects the end of a data frame
independent of a previous transmission error because the receivdr expects
all bits up to the end of CRC-field to be coded by the bit stuffiing method
and bit stuffing is not usedxin end of frame.

6.2 Remote|Frame:

A remote frame is composed of six different fields:

a. Start of frame

b. Arbitration field
c. Coptrol field

d. CRC field

e. Ack field

f.

Eng of~frame

Contrary to the data frame, the RTR-BIT of the remote frame is "recessive"
and no data segment is transmitted (regardless of the data length code set
in the descriptor of the corresponding communication object).

- 11 -
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6.2

6.3

(Continued):

The RTR-BIT allows remote transmission requests from any node to the
system. This provides the capability to request information in addition to
the standard broadcast characteristics. It also supports powerful
diagnostic capability by being able to determine if the primary supplier
(data source) of a specific parameter(s) is nonfunctional.

8Us  l¢———— REMOTE FRAME ——-— Mok
IDLE | - [ SPACE
1 12 6 16 2| 7 3
’ l lEND OF FRAME
ACK-FIELD
CRC-FIELD

CONTROL-FIELD
ARBITRATION-FIELD
TART OF FRAME _

FIGURE 8 - Remote Frame

Error Frame:

An error flag is transmitted if a CAN device operates as an error hctive
node and has detected an error condition during or after a message
transfer. A receiving or transmitting node may generate an error flag
during pr after a transmission. ~The error flag consists of six copsecutive
dominanft bits. Since this "violates" bit stuffing guidelines, it fs used as
an error indicator to the system (see 4.2). If an error flag is generated
by a transmitter, or a recéiver, all other nodes interpret the errpr flag as
a bit stuffing rule violation. As a consequence, the transmission|of an
error fllag occurs.

The errpr-delimiter consists of seven recessive bits generated by the CAN
device pfter therend of an error flag on the serial bus line. Thi§ 'is

monitored by detection of a transition from the dominant to recessjve bit
level.

DATA INTERFRAME
FRAME +———— ERROR FRAME —————vl SPACE

6 | 06
IP IERROR DELIMITER
ART OF ERROR FLAG
FROM STATION Y
RROR FLAG

FROM STATION X

FIGURE 9 - Error Frame

- 12 -
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6.3

6.4

(Continued):

The bit sequence of dominant bits result from a superposition of different
error flags transmitted by individual nodes. The total length of the error
flag sequence varies between 6 bits minimum to 12 bits maximum. An error
condition is signaled by the transmission of six recessive bits while in
the error passive operation mode. Hence, an error passive node with a
temporary local receiver problem will not destroy messages received
correctly by other nodes. The recessive bits may be overwritten by an error
flag generated by one or more error active system nodes, but the error
passiv i i i i i efore
enteripg into the next internal receive or transmit mode. See 739 for
additipnal error active/passive mode data.

Detected errors during the transmission of a data or remote“frame [can be
signaled within the transmission time of the respective frame. This
procedure associates an error flag to the frame and intttates an qutomatic
retrangmission of the frame. If the CAN device detects any deviation of its
error frame it will start retransmitting an error frame. If this |occurs
severa] times in a sequence the CAN device will _become error passive.

Overlopd Frame:

The overload frame consists of 2 bit fields: The Overload Flag and the
Overload Delimiter.

END OF FRAME OR N
ERROR DELIMITER OR .
OVERLDAD DELIMITER l' OVERLOAD FRAM E—" sPACE

IOVERLOAD DEUMITER

PART OF OVERLOAD
FLAG FROM STATION Y
OVERLOAD FLAG
FROM STATION X

FIGURE 10 - Overload Frame

There are two cases of overload conditions which result in the transmission
of an overload flag:

a. Internal conditions of the receiver circuitry of the CAN device which
require a delay time before receiving the next frame (receiver not
ready) .

b. Detection of a "dominant" bit during intermission.

At most, two overload frames may be generated to lengthen one data frame or
remote frame.

- 13 -
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6.4

6.5

(Continued):

The overload flag consists of six dominant bits that correspond to the error
flag and destroy the fixed form of the intermission field. As a result, all
other stations also detect an overload condition and start transmission of
an overload-flag. If a "dominant" bit is detected during the 3rd bit of
intermission by some but not all nodes, the other nodes will interpret the
first of these six 'dominant' bits as start-of-frame. The sixth "dominant"
bit will then violate the bit stuffing rule and cause an error condition.
The overload delimiter consists of seven recessive bits generated by the CAN
device.

NOTE: |An overload frame can be transmitted earliest at the firstophit time
of the interframe space field. This is contrary to the errpr frame
and allows the CAN device to differentiate between the~two [frame

types.

Interfrlame Space:
Data frjames and remote frames are separated from preceding frames py an

interfrlame space consisting of the intermission it field and a pogsible bus
idle time. An error frame is not preceded by-an’ interframe space.

crane | INTERFRAME SPACE | foave

_____ - SRR

INTERMISSION ~ BUS IDLE
(arbitrary time)

FIGURE 11 - Interframe Space

Intermijssion consists of three recessive bits. During intermissiop time the
CAN devjice wildinot start transmission of a frame. Intermission requires a
fixed tlime pertod for the CAN device to execute internal processes|prior to
the next receive or transmit task.

Data rekeetved—within—a—dota—frame—wilH—be—stored—in—the—communication buffer
and the control bits are updated if no error condition has occurred through
last bit of the end of frame field.

The bus idle time may be of arbitrary length. After the interframe space
period, CAN devices look for bus idle before initiating the next
transmissions. The detection of a dominant bit after intermission or bus
idle is interpreted by the CAN device as start of frame.

- 14 -
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| 7. ERROR DETECTION:

7.1 Bit Error:
During a transmit operation, the CAN device monitors the bus on a bit-by-bit
basis. If the bit level monitored is different from the transmitted one, a
bit error is signaled.

The exceptions are during arbitration and ACK-SLOT. During arbitration, a
recessive bit can be overwritten by a dominant bit. In this case, the CAN

device ACK-SLOT,

a trangmitter may detect a falsified bit (recessive to dominant).| This

situatfon will only occur if all receivers have detected a CRC.ervor and,

therefpre, this bit error will not be detected by a CAN device. This error
is not|critical because an error frame by the receivers will” be generated
after the ACK-SLOT.

Except|during transmission of the arbitration field and during the time

window| of the ACK-SLOT, all global and local errors at the transmitter are

detectpd.
7.2 Bit Stpffing Error:

There pre two possibilities where bit stuffing errors may occur:

a. A fisturbance generates more consecutive bits of equal Tevel than
alllowed by the rule of bit stuffing. These errors are detected by all
nofes.

b. A fisturbance falsifies one or more of the 5 bits preceding the stuff
bit. This error is not recognized by a receiver, but if an efror
appears at the transmitter as well, it will be detected as a hit error.

Otherwlise, the error/is detected by a receiver either by the bit §tuffing

mechanfism (the stuff, bit of transmitter is not dropped but taken as an

informption bit)_or by the CRC check.
7.3 CRC Erfor:

To enspuresthe validity of a transmitted message, all receivers pegform a CRC

check.| “In addition to the information digits, any code word inclgdes

contré] digits used for error detection.

7.3.1 Description of the CRC Code: The code used for the CAN device is a
(shortened) BCH Code, extended by a parity check and has the following
attributes:

127 bits as maximum length of the code word

113 bits as maximum number of information digits
Length of the CRC SEQUENCE 15 bits

Hamming distance d = 6

d = min A (x EXOR y) / x,y different code words

A(x) = number of “recessive" bits in the code word x

QO TN
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7.3.1

7.4 Form Ertor:

7.5

7.6

(Continued):
As a result, d-1 random errors are detectable (some exceptions exist).

The CRC sequence is determined by the request that the code word, if
interpreted as polynomial with coefficients O or 1 is devisable by the
polynomial.

f(x) = (xE14 + XE9 + XE8 + XE6 + XE5 + XE4 + XE2 + x + 1) (Eq.1)
1100010110011001 = O0C599 HEX

Burst[errors are detected Up to a tength of 15 (degrees of (X))
Multiple errors (number of disturbed bits at least d = 6) aremnof detected
with & residual error probability of 3*10E-5.

Form Errors result from the violation of the fixed formyof the following bit

fields:

a. End|of frame

b. Interframe space
c. Ack|delimiter

d. CRC|delimiter

During the transmission of these bit fields, an error condition is
recognized if a "dominant" bit level .is detected.

Acknowlg¢dgement Error:

An Acknpwledgement Error has. to be detected by a transmitter wheneyer it

does not monitor a "dominant! bit during ACK-SLOT.
Error Detection Capabilities:

Global errors, which:occur at all fully functional nodes, are 100%
detectable.

For locdl errors, e.g., errors which may appear at some nodes only, the
shortened BCH Code extended by the parity check has the following grror

detectipm-capabilities:

a.

Up to 5 single bit errors are detected 100% even if those errors are
being disturbed randomly within the code word.

A1l single bit errors are detected if their total number within the code
word is odd.

The residual error probability of the CRC check is 2E-15 or 3*10E-5. As
an error may be detected by the CRC check, and/or by additional
implemented error detection mechanisms, the residual error probability
is significantly less than the above.
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7.7 Error Confinement:

7.7.1

7.7.2

7.7.3

7.7.4

7.8

Error (
For ery

a.
b.

These
than one rule may applywduring a given message transfer)

a.

Error Active: Normal operation for each node is an error active node. If
an error is detected during transmission of a frame, a node enters into
the send error flag state (see 6.3).

Error Passive:

An error passive node, Tike an error active node, may

function as a receiver and/or transmitter, but actions based on transmit

and/or receive error conditions are different.

As an example, after

detection of an error, an error passive node will send six recessive

bits,
all g
viold
the
howeV

Off H
trans
"wait

ACK:
setti
frame

Tra
Ref

ther nodes detect an error with the six recessive bits sing
tes the bit stuffing rule. An error passive receiver does
etection of an error to the system. An error passivelnode

ed frame, -
e it
not signal
will,

er, acknowledge the reception of 'a valid frame during~the ACK-SLOT.

us: A node may enter the off-bus mode and will ‘hot receivel or
mit any message until a reset is sent by the host CPU and predefined

time" (128 x 11 recessive bits) has passed:

A correctly received message is signaled to the transmitti

ng node by

ng a dominant bit level on the bus in<thé ACK-SLOT of the rjespective

ounting:

or confinement two counts areimplemented in every bus unit:

nsmit-Error-Count
eive-Error-Count

ounts are modified ‘according to the following rules: (note

Wh

in¢reased by.one, except when the detected error was a bit ern

th

When a,receiver detects a 'dominant' bit as the first bit afte

n a receiver_detects an error the receive-error-count will

sendinglof an active-error flag.

that more

be
or during

an|error flag the receive-error-count will be increased by ef

r sending
ht.

When a transmitter sends an error flag the transmit-error-count is
increased by eight.

Exception 1: If the transmitter is 'error-passive' and detec
acknowledgement error because of not detecting
'dominant' ACK and does not detect a 'dominant'
sending its passive-error flag.

Exception 2: If the transmitter sends an error flag because

In

ts an
a
bit while

a stuff

error occurred during the arbitration whereby the stuff

bit should have been 'recessive' and has been s
'recessive' but monitored as 'dominant’.

exception 1 and 2 the transmit-error-count is not changed.

ent as
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7.8 (Continued):

d. If an 'error-active' transmitter detects a bit-error while sending an
error flag.

e. If an 'error-active' receiver detects a bit error while sending an error
flag, the receive-error-count is increased by eight.

f. After the successful transmission of a message (getting ACK and no error
until end of frame is finished) the transmit-error-count is decreased by
one unless it was already zero. '

g. After the successful reception of a message (réception without|error up
to [the ACK-SLOT and the successful sending of the ACK bit);othe
receive-error-count is decreased by one if it was betweén one and 127.
If fthe receive-error-count was zero, it stays zero, and if it was
grepter than 127 then it will be set to a value between 119 and 127.

Based on the above rules, a node can enter the following states:

a. A npde is 'error passive' when the transmit=error-count equals|or
exceeds 128, or when the receive-error-count’ equals or exceeds|128.

b. A npde is "off-bus" when the transmit-<error-count is greater than or
equpl to 256.

c. An ['error-passive” node becomes “error-active" again when both|the
trapsmit-error-count and the recéive-error-count are less than|or equal
to [127.

d. A npde which is "off-bus"Cis permitted to become "error-active| (no
longer “"off-bus") aftefr jreset with its error counters both set|to O
after 128 occurrences of 11 consecutive "recessive" bits have been
monfi tored on the bus:.

Anh error count value~greater than about 96 indicates a disturbed bps. It

may be pf advantage to provide means to test for this condition.

If duripg system start-up only one node is on-line, and if this nofle

transmifts .some message, it will get no acknowledgement, detect an error and

repeat [the‘message. It can become "error-passive" but not "off-bug” due to
this reasom—If—= i i S message

- ’
can become "error-passive" for the same reason.

- 18 -

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=eb3d980f25ec604ed04e62a13198ccda

::Sigigfyﬁggijgh!!iBBS?BHD 005304 9 W=

SAE J1583 Issued MAR90

8. BIT TIMING:

A bit time is subdivided in a number of BTL cycles. This number results from
ah addition of the segments SJW 1, SIW 2, TSEG 1 and TSEG 2, plus the general
segment INSYNC. ,

ONE BIT TIME |

NSYINCl SoW 1 r—— ITSEG 1|———1’»— TSEIG 2~1 SJW2|

— T

ONE BTL CYCLE TIME SAMPLE POINT TRANSM|T POINT

FIGURE 12 - Bit Segments
8.1 INSYNC|

The inpoming edge of a bit is expected during this state; this segment
corresponds to one BTL cycle.

8.2 SIW 1 B 2:

Both spgments determine the maximum synchronization jump width and are
programmable from 1 to 4 BTL cycles. The width of SJW 1 is 1ncre{sed to a
maximum of two times the bit-time during resynchronization. The width of
SIJW 2 fis reduced or canceled to shorten the bit time during
resynchronization.

8.3 TSEG 1|

Determiines the<{sampling point based on the number of BTL cycles pyogrammed
by TSEG 1 (4.bits). The sampling point is located at the end of JSEG 1 (if
samplihg only once per bit). TSEG 1 is used to compensate delay times on
the bus and“to have some reserved time to tolerate one or more
nonsynchronization pulses caused by spikes on the bus Tine. TSEG|1 is
programmabTe from T to 16 BTL cycles. )

8.4 TSEG 2:

Defines the time between the sampling point and the end of the bit time;
programmable from 1 to 8 BTL cycles. This segment is necessary to tolerate
one or more nonsynchronization spikes on the busline. Also necessary to
guarantee sufficient time to generate a transmit signal dependent on the
sampled bus level. The transmit point is determined internally in such a
way that with zero delay the generated transmit signal will appear within
the INSYNC state. For example, no transmit signal would be generated if an
arbitration was lost. This guarantees that the transmit logic immediately
stops and immediately enters into the receive mode.
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8.5 Bit Time Calculation:

The number of clock cycles at every bit time determines (together with the
oscillator frequency and the baud-rate-prescaler) the period of each bit
time, and as a consequence, the baud rate.

bit time = (INSYNC + SJW1 + TSEGY + TSEG2 + SJW2) BTL cycles (Eq.2)

BTL cycle = 2 * Toscillator * (baud-rate-prescaler + 1)

BAUD rate 1 /7 bit time

SYNCHRON[ZATION:

Synchronjzation is performed by comparing the incoming edges Wjth the

intended
resynchr

Hard syn
synchron

Resynchr
differen
as chang
after ar
number o
resynchr

There ar

a. Resy
resy

diff
Resy
In t
last

These mo
cable le

Synchron

sample point dependent on the level of the actual bit.

bit timing, and adapts the bit timing by hard synchronizati
bnization.

thrronization occurs only at the beginning of a frame. The (
zes to the first incoming recessive to dominant edge of a f

pnization occurs during the message bitystream to compensatd
res in the oscillator frequencies of {dndividual CAN devices
ps introduced by switching from one.fo another transmitter;

F clock cycles a bit time may belshortened or lengthened by
bnization.

b two modes of sampling.

nchronization may takeCplace on both edges. In this case,
ichronization is always done on the edge of a bus level whig
prent from the one'read at the last sample point.

1chroh1zation may take place on the
is case, resynchronization is done
sample pofnt was a recessive level.

edge of a dominant leve]
if the bus level monitoy

ngth'@and high baud rates.

on or

AN device
frame .

as well
e.g.,

pitration of two or more nodes. SIW 1 and SJIW 2 define the maximum

h is

only.
ed at the

des aresnecessary due to physical bus characteristics at the maximum

hid -3 0 ic £

P |

e W D P PN TV T 3 e o 3 walaarad ~£4 A
LA L TUTT LI VUL UBILT Uutr riy A Vil LBl ArTu I U BB AT A A% [ |
Thereafter,

e

the
the CAN

device synchronizes to the next relevant edge and synchronization is
suppressed until the following sample point.

By resynchronization, the bit time can be lengthened or shortened based on
the following conditions:

a.
b.

If an edge appears in the segment SIJW 1 or TSEG 1, then Tengthen.
If an edge appears in the segment SJW 2 or TSEG 2, then shorten.
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10.

SLEEP-MODE/WAKE-UP:

In order to wake up other nodes of the system, which are in sleep-mode, a
special wake-up message with the dedicated lowest possible identifier (rrr
rrrd rrr where r = 'recessive'and d = 'dominant') may be used.
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Al.

Al.

.2

.3

4

APPENDIX A

82526 FUNCTIONAL OVERVIEW:

The CAN major functional blocks are:

Interface management processor (IMP)
Quasi dual port RAM

Transceiver control logic (TCL)
Bit_stream processor (BSP)

Ery
BuUS
Prd
Cld

o HhD QO T

A blocK
IMP (1

The IM
the sg
commun
statug
descri
IMP cqg
an ALL
proceg

Quasi

The hg
memory
memory
and th

regist
the ¢

messagdes. The_memory size is 64 bytes.

TCL (Transceiver Control Logic):

or management logic (EML)
timing logic (BTL)

cessor interface unit (PIU)

ck generator (CG)

diagram is shown Figure ATl.
nterface Management Processor):

P executes commands from the CPU and controls data transmis
rial bus. This processor computes addresses for the many
ication buffer accesses required during normal operation.
and control register bits, as wellvas the control bits of
ptor are used primarily by the interface management process
nsists of a data path section with various local registers
with an accumulator and a control section for receive and
ses.

Dual Port RAM:

st CPU communicates-with the CAN device through a quasi dua
which includes_global status registers and control registe
serves as the communication buffer interface between the R
e IMP. The host CPU initializes the global status and contn
ers and creates data structures called communication object
mmunication buffer for reception and transmission of define

sions on

Global
the

or. The
including
transmit

1 port RAM
rs. This
ost CPU

o1

s within

d

The transceiver control logic consists of bit stuffing logic, programmable
output driver logic, CRC logic and shift registers.

BSP (Bit Stream Processor):

The Bit Stream Processor controls the data stream between the IMP (parallel
and the bus line (serial data). Message reception and transmission,
bus arbitration, error sighaling and control of the TCL are duties of the

data)
BSP.
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EML (E

Errors

A1.6

perfor

transi
progra
phase
sample
.7 PIU (P
The Pr
consis
addres
input,
and th
.8 CG (Cl
The on
regist
resona
case o
from t
output

A2.

The on-
the hos
between
memory
initial
registe

QUASI DYAL PORT RAM MEMORY® LAYOUT AND CONTROL REGISTERS:

rror Management Logic):

are reported to the EML by the bit stream processor (BSP).

informs the BSP, TCL and IMP of error statistics.
BTL (Bus Timing Logic):

ms the busline related bit timings.

tions during the reception of a frame. The BTL also provid

The EML

This logical block monitors the busline through an input comparator and
The BTL synchronizes on a
busline transition at the start of a frame and resynchronizes on further

2§

mmable time segments to compensate for propagation delay ti
shifts., This feature determines the sampling point and the
5 within a bit-time slot.

rocessor Interface Unit):

bcessor Interface Unit provides for the link to'-the host CP
ts of the 8-bit multiplexed address and data<bus, read/writ
5 Tatch enable, chip select, interrupt output, external int
reset, ready output signal, two 8-bit I/0 ports (Port 0 an
ree chip select output lines for additional system peripher

bck Generator):

~chip clock generator consists of an oscillator, clock divi
br and driver circuit. The oscillator is a high-gain paral
nce circuit. The oscillatonis driven by an external cryst
F low baud rates, with a.Ceramic resonator. A host CPU can
e clock output which uses the programmable divider to sele

thip quasi dual port RAM (communication buffer) is seen as
E CPU's memory map and may be defined as a "decoupling devi

mes and
humber of

J., The PIU
b control,
errupt

i Port 1),
1 devices.

jer

el

Al or, in
be driven
ct the

part of
Ce'

the CPU @nd the "Bus-Interface" of the CAN device. The buj
area used for communication is configured by the user durin
zation download after power-up.

area use¢d”for communication.
composed of the identifier, control bits, and data.
operates only on this communication buffer to perform message transfers.

The buffer memory layout is shown in Figure A2.

Ffer
an

It consists of dedicated gontrol
rs,scommunication objects, and an end mark signifying the epd of RAM
Each individual communication object|is

The CPU programmer
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ADDRESS
0OH CONTROL REGISTER
01H STATUS REGISTER GLOBAL STATUS
02H INTERRUPT POINTER AND
ot BUS TIMING REGISTER 0 CONTROL REGISTERS
04H BUS TIMING REGISTER 1
0sH —IOUTPUT CONTRQL REGISTER /
o6H DESCRIPTOR 1 N
oTH (IDENTIFIER_AND
08H CONTROLBITS) ______| COMMUNICATION
ooH| | DATASEGMENT 1 /BYTE1_| OBJECT |
.| | DATASEGMENT 1/BYTEN |
. DESCRIPTOR 1 |
. __(IDENTIFIERAND ¢,
. CONTROL BITS) COMMUNICATION
.| | DATASEGMENT 1 /BYTE1_ OBJECT2
| | DATA SEGMENT 1 /BYTEN !
. END,MARK (<FFH) MAX ADDRESS 62
. USER SEGMENT >. POSSIBLE RAM
3FH (after end mark) EXTENSION FOR
40 DECODED BY CS0 USER PROGRAMS
BFH
Co

DECODED BY CSH

DECODED BY CS2

CLOCK DIVIDER REGISTER

PORT 0 DATA REGISTER

PORT 1 DATA REGISTER

FIGURE A2 - Buffer Memory Layout
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A2.1 'Control Register (Address OOH):

MSB

LSB

6 1] 5]4}]3]2 1 0

A2.1.

A2.1,

A2.1.

A2.1.

A2.1.

A2.1.

A2.1,

L RESET REQUEST

HALT REQUEST
ERROR INTERRUPT

SLEEP MODE
RESTART TxS
SYNCON

OPERATION

RES

"high" and detected by the IMP, it causes an)internal hardware

HAL
"hi
rec
is

ERR
"hi
ena

TRA
If
CPU

SLE
to

mode .

on
sle
eve

a.
b.

FIGURE A3 - Control Register (ooh)
FT REQUEST is set by the host CPU and read by the IMP. If ¢

[ REQUEST is set by the host CPU and-read by the IMP. MWhen

h" the CAN device continues processing the current transmi:
ption and then stops any further~activity until the halt r¢
et to "low" which restarts normal operation.

R INTERRUPT ENABLE is set by CPU and read by the IMP. If ¢
h", the interrupt outputisignal of the CAN device to the ho
led, and disabled if set to "low".

SFER INTERRUPT ENABLE 1is set by the host CPU and read by i
et to "high", the. CAN device will generate an interrupt to
after a message)'is successfully received or transmitted.

P MODE is«set by the host CPU and read by the IMP. If the
low" (normal operation) the CAN device will not enter the
If set to "high", the device may enter into the sleep mo
us traffic (both transmission and reception). A return fr¥

p-mode to the normal operation mode may be activated by th
fs

Start bit detection
Any CPU access to the on-chip quasi dual port RAM, Port 0 o
or to the clock divider register

RESTART TxS (Restart Transmit Search) Any write access by the
this bit to "high" forces the IMP to start a new transmit search loop at

the

SYNCON is set by the host CPU and read by the IMP.

first communication object.

ENABLE

TRANSFER INTERRUPT ENABLE

et to
reset.

set to
sion or
guest bit

et to
st CPU is

he IMP.
the host

bit is set
leep

de based

m the
following

v Port 1,

CPU to set

This bit controls

resynchronization of the bit timing logic during the reception of a frame.
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A2.1.8 OPERATION bit must be set to "low" by the host CPU during

init
as t

falization.
he reset status bit is reset by the IMP.

A2.2 Status Register (Address O1H):

Az,

A2.

A2,

A2.2.

A2.

A2.2.

A2.

It will force the CAN device to start operation as soon

MSB LSB
7 6 5 4 3 2 1 0
] BESET STATUS
HALT STATUS
ERROR STATUS
TRANSMIT STATUS
RECEIVE STATUS
BUS ,STATUS
RAM STATUS
Reserved
FIGURE A4 - Status Register
RESE[l STATUS bit set to "high" by the IMP.acknowledges to the h¢st CPU
that| the reset request from the CPU was<detected and an interna] hardware
resef is being performed by the CAN device.
HALT| STATUS bit is altered corresponding to the halt request from the
host| CPU.
ERROR STATUS bit set to "high" by the IMP indicates to the host|CPU that
the prror management logicC(EML) has detected a major problem efther with
trangmission or reception of messages.
TRANBMIT STATUS bit-set "high" indicates to the host CPU that the CAN
devige currently is“in the transmit mode.
RECEIVE STATUS bit set "high" indicates to the host CPU that the CAN
devifpe is ifthe receive mode.
BUS PTATUS bit is modified by the IMP and read by the host CPU.| If set
to "flow", the CAN device is bus active (bus-on). If set to "high" the
CAN i i = s set by
the host CPU and executed by the IMP.

RAM STATUS bit normally is set to "low" by the IMP after RAM
configuration set up is completed by the host CPU and there was no buffer

memo

ry configuration inconsistency detected by the IMP,
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A2.3 Inter

rupt Pointer (Address 02H):

The interrupt pointer is an 8-bit register that contains either the address
of the status register (error related interrupt), or the RAM address of a
communication object with highest priority for which the conditions
transfer interrupt enable is enabled and transfer status is completed.

LSB
0

MSB
7

A2.4 Bus T

FIGURE A5 - Interrupt Pointer (02H)
iming Register O (Address O3H):

RATE
CALER

HRONIZATION
WIDTH

rate

Hetermined

MSB LSB
7 6 5 4 3 2 1 0
L_______ BRP O
BRP 1
BRP 3 PRES(
BRP 4
BRP 5
SW O SYNC
SUW-1 JUMP
FIGURE A6 - Bus Timing Register 0 (03H)

A2.4.1 Baufl Rate Prescaler: By programming the six bits of the baud
pregcaler, the BTL cycle time is determined. The BTL cycle tipe is
derfved from the system cycle time. The desired baud rate is
by the BTL cycle time and the programmable bit timing segments

BAUD RATE PRESCALER BIT CYCLE TIME
BRPO-BRP5
000000 1* System Cycle Time
000001 2* System Cycle Time
000010 3 * System Cycle Time
111111 64 * System Cycle Time

FIGURE A7 - Baud Rate Prescaler
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A2.4.2 Synchronization Jump Width: These two bits are introduced to compensate
for phase shifts between clock oscillators of different bus nodes. Any
node may resynchronize to a relevant transition of the bus bitstream of a
transmitter. The synchronization jump width defines the maximum number
of BTL cycles. A bit may be shortened or lengthened by one
resynchronization during transmission of a data frame or remote frame.

A2.5 Bus Timing Register 1 (Address 04H):

The number of samples per bit, the delay time and the phase shift buffer
are programmed by bus timing register 1.

MSB LSB
7 6 5 4 3 2 1 0
L TsEG 1.0
TSEG 1.1
TSEG 12 >TIME SEGMENT 1
TSEG 1.3
TSEG 2.0

TSEG 2.1 TIME SEGMENT 2
TSEG 2.2 f
SAMPLE

FIGURE A8 - Bus Timing Register 1 (04H)

A2.5.1 Bus Bample: This bit determines whether a bit is sampled directly by the
BTL or if each bit first is’ filtered by the majority logic. If|sample is
set to "low", a bit is sampled once by the BTL, and if set to "high",
threp samples per bit.are taken.

A2.5.2 Time|Segment 1/Time Segment 2: Time segments within a bit time[are
intrpduced to determine the number of BTL cycles per bit time apd the
location of the' sample point within a bit time.
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