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APPENDIX BSUPPOR]

1.1

Scope—SAE J1
requirements of

connects the SAE J1962 test equipment connector to the hardware/sofiware of the SAE J1978 (

tool that will use
functions.

Included in this 9

Appendix A - Examples include several example interface circuit implementations, which are belie

the requirements
document. They

Appendix B - Su
Appendix A.

SAE Document |

and this documentt.

FING DOCUMENTS ...t reneenesnenersesene S Lo

78 defines the requirements of the OBD Il scan tool. SAEJ2201 defines the minimum

he vehicle communications interface for the SAE J1978 OBD Il scan tool. TH

this interface to communicate with vehicles for thepurpose of accessing requ

of this document and of SAE*J1978. These examples are NOT requirems
pre provided to assist circuit designers in developing interface circuits.

terrelationships-~Figure 1 shows the intetrelationships between SAE J1978, §

is interface

B0 i scan

red OBD i

bAE Hecommended Practice are several définitions relating to the interface, and interface
functionality evalJation.

ad to meet
nts of this

pporting Documents includes a list of supporting documents for the exampleg shown in

bAE J1962,
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2

2.4

2.1.1

2.1.3

SAE J1878 OBD Ii SCAN TOOL
VEHICLE
SAE J1978 SAE J22017 SAE J1862 SAE J1862 OR
oBD 1l oBD 1l INTERFACE
SCAN TOOL [}INCLUDES SUPPORT FOR L (SCAN TOOCL (VEHICLE  LJFUNCTIONALITY
APPLICATION SAE J1850 CONNECTOR) HARNESS EVALUATION
SOFTWARE SO 8141~-2 CONNECTOR) TEST
EQUIPMENT
e ———
Note—Bee SAE J1962 Diagnostic Connector for pin assignments.

Where a
J1978 is

Referenges

Appticab
inciuded

The {olloy

SAE publications shall apply.

SAE P

SAE
SAE
SAE
SAE
SAE
SAE

CALFO

FIGURE 1—SAE DOCUMENT INTERRELATIONSHIPS

he overriding document.

le Publications--The terms, definitions, abbreviations, and acronyms containe{l

by reference.

ving publications form a part of this._specification 1o the extent specified herein.

J1850—Class B Data Communication Network Interface
J1930—Flectrical/Electronic Terms, Definitions, Abbreviations, and Acronyms
J1962—Diagnostic)Connector

J1978—0BD.hScan Tool

J1979—Diagnostic Test Modes

J2205—Expanded Diagnostic Protocol

ENEAAIR RESCURCE BoARD PusticAaTioNS—Available from California Air Resoureg

hy conflict may exist between the requirements containedin SAE J1978 and this document, SAE

in SAE J1930 are

The latest issue of

| BLICATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001 .'

Board Documents

California Code of Regulation, Title 13, 1968.1-Malfunction and Diagnostic System Requirements - 1994
and Subsequent Model-Year Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles With Feedback
Fuel Control Systems

EPA RecuLaTiONS—Available from EPA

Federal Register Tuesday September 24, 1991, Part || Environmental Protection Agency 40 CFR Part 86—
Air Pollution Control; New Motor Vehicles and Engines: On-Board Diagnostic Systems on 1994 and Later
Model Year Light-Duty Vehicles and Light-Duty Trucks; Proposed Rule
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214

3.1

3.2

3.3

3.4

3.5

3.6

5.1

5.2

IS0 PusLicaTIONS-—Available from ANSI, 11 West 42nd Street, New York, NY 10038-8002.

ISO 9141-2—Road vehicles—Diagnostic systems—CARB requirements for interchange of digital
information I1ISO/TC 22/8C 3/WG 1 - N 425 E/REV April 1991

Definitions
Application Software—As used in this document, this term refers to the microprocessor programming that

controls the external equipment/scan fool hardware so as to perform required SAE J1978 OBD |l Scan Tool
functions.

DLCS—(Data Link alMotors that

supportts SAE J1850 10.4 Kbps VPW CRC communication.

HBCC—(Hosted |Bus Controller Circuit) refers to the integrated circuit developed by Ford Mofor Co. that
supports SAE J1850 41.6 Kbps PWM CRC communication.

OBD ll—(On Bogrd Diagnostics |1} common term that refers to the requirements-of-the Californig] legislation-
California Code of Regulation, Title 13, 1968.1.

PCl—(Programmgble Communications interface) refers to a set of integrated circuits which includgs a control
microcomputer, the Symbol Encoder Decoder (SED) and the Integrated Driver Receiver (IDR). The PCl was
developed by Ch{ysler Corporation and supports SAE J1850 10.4. VPW communication with both CRC and
Checksum error techniques.

JCI—(SAE J1850 Communications interface) refers to an integrated circuit manufactured by Motprola which
supports both SAE J1850 10.4 VPW with CRC and SAE J1850 41.6 PWM with CRC communication.

Acronyms and Abbreviations

CRC - Cyclic Redundancy Check

C8 - Checksum

EDP - Enhan¢ed Diagnostic Protoco! (SAE J2205)
IBS - Inter-Byte Separation

IFR - In-Framg Response

NRZ - Non Return to Zero

PWM - Pulse [Width Modulation

SCI - Serial Gommunications interface

SP1 - Serial Peripheralinterface

UART - Universal Asynchronous Receiver/Transmitter
VDD - 5.0 VDCArom Reguiated Power Supply

VPW - Variabl f
" - Indlicates Active Low Signals

Requirements-—This section defines the required message structure support, signal ground, chassis ground,
minimum scan tool connector cable length, and other requirements for the interface to be used by an SAE
J1978 OBD Hl scan tool.

Interface and Message Protocol Support—The interface defined in this document must support the
interface requirements and message protocol requirements of SAE J1978.

In-Frame Response—When a single byte in-frame response (IFR) is required during the reception of a 41.6
Kbps PWM SAE J1979 message, the interface will support the transmission of the node address as a single
byte IFR.
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5.3

5.4

5.5

5.6

5.7

Signal Ground—The Signal Ground pin of the scan tool side of the SAE J1962 diagnostic connector must be
used as the signal ground reference for all interface transceivers required by this document.

Maximum Voltage Differentials—The interface described in this document includes any required interface
transceivers and the cabling connecting the interface transceivers to the scan tfool side of the SAE J1962
connhector. Any interface connected to a vehicle through the SAE J1962 diagnostic connector is considered a
part of the vehicle network and must operate within the limits of that network, which are described in SAE
J1850 and ISO 9141-2.

The maximum voltage differential, e.g., due to load current, noise, etc., between any two nodes of a vehicle
data communication network, where the interface described in this document is considered as a node on the

vehicle ngtwork when connected to the vehicle, must be less than the limits specified in §

9141-2.

The folloying are maximum voltage differential values for the interface described in
d between the signal ground connection of all interface transceivers and the Signgl Ground pin on the

measure
vehicle s

0.25

0.1 VDC offset

_Chassis Giround--The Chassis Ground pin of the scan ool side of the SAE J1962 diag

available

the Signal| Ground is 1 MQ.

Minimum Connector Cabie Length—The minimum length between the ground reference

interface

connectol is 2 m.

Other Refjuirements—The interface must support the requirements of SAE J1850, SAE
SAE J1979, SAE J2205, and 1SO 91412,

Interface

a T

— ©

ide of the SAE J1962 diagnostic connector) are:

¥ peak noise

or any use, with the exception that the minimum BC impedance between the C

transceiver and the Signal Ground cennection of the vehicle side of the SA

ppropriate software simulates vehicles that use the required implementations of §
[41-2, or

he uSe: of representative vehicles of motor vehicle manufacturers that
mplementations of SAE J1850 and 150 9141-2.

AE J1850 and ISO

this document (as

nostic connector is
hassis Ground and

connection of each
E J1962 diagnostic

11982, SAE J1978,

Functionality Evaluations—The functionality of any proposed interface implementations must be
evaluated by either of the following:

he use of multiplex bus interface equipment from | + ME, or equivalent equipment, that with

BAE J1850 and 1SO

use the required

PREPARED BY THE SAE VERICLE E/E SYSTEM DIAGNOSTICS STANDARDS COIV%MIT!'EE
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APPENDIX A

EXAMPLES

A.1  General Example Information—This section shows example interface implementations that are believed to
meet the requirements of this document.

These examples

are NOT requirements of this document. These examples are intended as an assist to
interface circuit designers.

Table A1 illustrates a summary of some of the capabilities available with these examples that are over and

above the requirgments of this document and some that are required

TABLE A1—SUMMARY OF CAPABILITIES FOR THE FOLLOWING EXAMPLES

PLCS & HBCC PCI & HBCC ST9 F690 & F691 Jet
Section A2 Section A3 Section A4 Section A5 Section A6

Error Checking CRC CS & CRC C5 & CRC CS & CRC CRC
Comprehends 1B No Yes Yes Yes No
Header Bytes 3 1&3 1&3 1&3 3
Generate Break Yes Yes Yes Yes Yes
Control Function® No Yes Yes No No
Host Required Yes Optional® Optional®) Yes Yes

1. iBSis part of only 19
2. Control Function refe
3. Host Required refers

tions include a microg

excess capabiiity so g to alse be able fo perform "host microcomputer” functions.

Error checking (G

4 Kbps VPW networks. It is not a part of 41.6 Kbps RWM networks, nor a part of 1SO 9141-2 netwo

o the need for a host microcomputer to performdhe functionality of SAE J1978. Some interface impt
Drputer as a part of the interface. in some ofihese implementations, this microcomputer may have

S or CRC), IBS, header byles,-and the Break signal are defined in SAE J1850.

kS.

s to parts of an interface that are implemented in software and executed by some form of microcompliter.

menta-
nough

A.1.1 Transient Protegtion—While some of the ‘examples may show transient protection, this documeht does not

specify or require|transient protection:

A.1.2 Host Support Nat Included—The examples shown here support a nominal type of host interface
meant to be direcfly applicable’to any particular host microprocessor, host interface, and/or host so
interface drivers, message building routines, message processing routines,

host application $oftware (e.q.,
rcuits, etc.)

etc.) andfor addifional/hardware (e.g., signal buffers, signal inverters, clock synchronization ci
required to complete'the interface to the example circuits shown in this document is the respons

and are not
tware, The

designer/implerngntér and is not shown here.

bility of the

A.1.3 Supporting Documents—Appendix B - Suppotting Documents identifies documentation that may be used to
aid in the understanding of the examples shown in this document.
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A.1.4 Common 1SO 9141-2 Support—Many of the examples include a common implementation for ISO 9141-2.

This common implementation is described here (see Figure 2-D IS0 9141-2).

The 1SO 9141-2 document describes the requirements of the 1SO 9141-2 interface. This interface is an
asynchronous serial communication link using NRZ bit encoding. A 5 bps bit rate is used during module
communication initialization and a 10.4 Kbps bit rate is used for all further communications.

This interface includes a K line which is bidirectional and used for all communication phases, and a L line which
is output only from the scan tool and is only used during the 5 bps module communication initialization phase.
When used to transmit data to a vehicle, both the L. and K lines are driven to either ground or battery leve,
through a 510 Q resistor, depending on the data value. When used to receive data from a vehicle, the Kline is
referencefl to 1/2 the battery voltage, with a small amount of hysteresis for noise immunily, to determine the
logic valug of the data heing transmitted by a vehicle module.

In all of fhe examples, the L and K lines are connected to the SCI port of, either thg host or a control
microprogessor. A select signal from the host/control microprocessor is used to enable the L line when
necessary.

A.1.5 Electrompagnetic Compatibility—The Electromagnetic Compatibility (EMC) characteristic§ of these examples

have not [been investigated nor estimated. The ability of the examples to meet EMC| or noise radiation
requiremgnts is unknown.

.A.1 .6 No Responsibility Assumed by Contributors—No responsibility is assumed by Chryslef Corporéitién, Ford

Motor Col, General Motors Corporation, Delco Electronics\Corporation, SAE, SGS-Thomsqn, Silicon Systems,
Motorola, |or any other company for use of any of the examples or products shown in this dgcument nor for any
infringements of patents and trademarks or other rights of other parties resulting frorm the use of these
examples|or products. No license is granted under any patents, patent rights, or trademarks of the previously
named pdrties.

A.1.7 Additional Capabilities of Examples—lany of the examples support capabilities beyoryd the requirements

A2

A2

of this dogument. Such capabilities arédiscussed in a separate section of each example.

DLCS, HBCC, and 1SO 9141-2 interface Example—This example (see Figure Ala) combines the use of the
Data Link Controller Serial (DL.CS) integrated circuit developed by Delco Electronic, the Hosted Bus
Controlleq Circuit (HBCC) integrated circuit developed by Ford, a discrete 41.6 Kbps tranpmit driver, and the
common |SO 9141-2 interface to provide the required interface support. {Figure A1b shaws the detail of the
DLCS, Figure Atc stiows the detail of the HBCC with its Transmit Driver, and Figure A1d phows the detail for
the comnjon I1SC 9141-2.)

The DLC$H and HBCC communicate with the host through the host's SPI port, while the 130 9141-2 interface
communic ort. Separate logic interface lines are|lused by the host to
individually select communication between the host and either the DLCS and HBCC, and to enable the L line.

General Overview—The DLCS and HBCC perform as communication peripheral integrated circuits.
Following initiatization, they isolate the host from bus communications tasks and are only serviced by the host
when the host is loading a message for transmission or unioading a received message. The host receives an
interrupt when a received message is available and when message transmission is completed. The host only
handles communications as full messages. Several control and status registers are available in both the DLCS
and HBCC to control their operation and indicate the status of their communications tasks.
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This example uses chip select lines from the host to select which peripheral the host wishes to communicate
with. Control data from the host enables and disables the DLCS and HBCC interfaces.

Because these devices are available from semiconductor suppliers who are also supplying them to major
automotive manufacturers for use in production vehicles, compatibility with those vehicles should be readily
verifiable.

The ISO 9141-2 interface is as described in A.1.4. The host uses its SC! interface to communicate with a
vehicle through the ISO 9141-2 interface. A logic line is used by the host to enable the L line when necessary.

A.2.2 DLCS Operation—The DLCS contalns a logic section and ah analog section in a single integrated circuit. The

logic section inc and control
registers, bit timing, and symbol encoding and decoding logic. The analog section includes thg transceiver
circuitry. Data transfer between the host and the DI.CS is dene with two byte 8P transfers. The hpst sends to
the DLCS a command byte and a data byte, while the DLCS sends fo the host a status byte and|a data byte.
The content of the data bytes is dependent on the command.

a. Commards sent to the DLCS include:

1. Genergl commands (e.g., send break, go to sleep, terminate transmit retry, load configuration data)
2. Transnpit commands (e.q., load transmit data, transmit message)

Operation of thel DLCS consists primarily of three functions: initialization, transmission of a message, and
reception of a message. Each of these will be diselissed in more detail as foliows:

A.2.2.1 INmaLizaTion~Hnitialization is accomplished by sending the DLCS a command byte fo load the

accompanying|data from the host as configuration data. The DLCS can be configured to enable{or disable it
io interrupt the|host, thereby allowing'sither polling or interrupt based signalling schemes to be Gised, and to
configure the oscillator divisor. Once'the DLCS is initialized, normal transmission and reception|can begin.

A.2.2.2 MESSAGE TranBmMissiON-—Loading a message from the host to the DLCS for transmission on the|bus is done

by several 2 byte SPI trangfers. Each transfer contains a command byte to load the accompanying data as
transmit data. |Loading.the first and last byte of the message must be done with specific command byltes.
Once the commanddo load the accompanying data as the last fransmit data byte is received by the DLCS,
the DLCS will egln an attempt to transmlt the rnessage on the bus. With each 2 byte SPI trangfer with the
DLCS, a statug { ata | i 1zed to détermine the
status of the fransmit buffer i.e., empty, contalns some bytes full, ete, The status byte also contalns receive
status. When loading a transmit message into the DLCS, the data bytes returned by the DLCS o the host
are ignored.

The DLCS handles ali data link access responsibilities, i.e., idle bus detection, arbitration, automatic retry (if
enabled), elc.

-13-
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A.2.2.3 Messace RecerTioN—The DLCS on ifs own receives and buffers a compiete message from the bus, checks
the received CRC, sets a status flag indicating a message has been received and if any errors occurred and,
if enabled, interrupts the host. Retrieving a message received by the DLCS is done first by either polling the
DLCS to determine if a message has been received, or by servicing an enabled interrupt that occurs upon
reception of a message. (The remainder of this discussion assumes the interrupt method is used.)

Upon receiving an interrupt, performing a 2 byte SPI transfer with the DLCS will resuit in the transfer of status
and data to the host. The status byte is used to determine if the receive buffer contains any bytes of a
message or a complete message(s), and the status of the fransmit buffer. Once all the bytes of a message
have been received by the DLCS an indicator will be set in the status byte and, if ehabled, an interrupt will be
generated for the host. The status byte will also indicate whether the message was received correctly or that

an error
DLCS w
transmig

A.2.3 DLCS Pin
Table A2.

occurred, i.e., CRC error, incomplete byte, and hit timing error. If the message
ps received while the DLCS was attempting to transmit a message, the status by
sion status values such as overrun or underrun and whether bus arbitratioh was

Names and Descriptions—The names and descriptions of the pins of the D

TABLE A2---DLCS PIN NAMES AND DESCRIPTIONS

lunioaded from the
e will also indicate
von or lost.

L CS are shown in

Pin Number Pin Name Description
1 Vssd DigitalGround
2 LOT! LogieOut Transmitter In (Test)
3 O8Cz Qscillator 2
4 Osc Oseillator
5 R3T~ Reset~ (Active Low)
8 CS~ Chip Select ~ (Active Low)
7 SCLK SP1 Serial Ciock
8 SIMG SPI Slave in Master Qut
9 SOoMI SPi Slave Cut Master In
10 INT~ interrupt~ (Active Low)
kR Vdd Digital Voltage Supply (+5 V)
2 N/A Not Used
13 N/A Not Used
14 N/A Not Used
15 N/A Not Used
16 N/A Not Used
17 N/A Not Used
18 MN/A Not Used
19 N/A Not Used
20 Vssa Analog Ground
21 LOAD Bus Load
22 BUS Bus Output
23 Vbat Battery Voltage
24 PSEN Power Supply Enable
25 Veo Analog Voltage Suppiy (+5V)
26 REXT2 External Resistor 2
27 BEXT1 External Resistor 1
28 LITQ Login In Transmiter Out (Test)
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A.2.4 HBCC Operation—The HBCC contains a logic section and an analog section in a single integrated circuit.
The logic section of the HBCC supports two types of serial and two paraliel host interfaces. This allows for the
HBCC to interface with standard Intel or Motorola microprocessors or others which have compatible ports. For
this example, the Motorola SPI interface has been used. The logic section also includes a transmit buffer, a
receive buffer, status and control registers, bit timing, symbol encoding, and decoding logic. The analog
section is limited to the receiver circuitry. The transmitter driver circuit and receiver input noise filter are
implemented by external discrete devices,

Data transfer between a host and the HBCC is done with 2 byte SPI transfers. The host transfers an indirect
address control byte (ACB) and a data byte to the HBCC. Generally the indirect address points to one of the
internal registers of the HBCC and the data sent from the host is stored in the addressed register. Duringa 2

byte SPI transfer thes ho addres
also allow for bidck type data transfers between the host and the HBCC message buﬁers

The operation ofl the HBCC consists primarily of three functions! initialization, transmission of a
reception of a message. Each of these will be discussed in more detail as follows:

A2.4.1

A2.4.2

A2.43

s conventions

a. Commands sent to the HBCC include:

1. Generpl commands {e.g., initialize node address)
2. Transmit commands (e.g., load transmit buffer)
3. Receiye commands (e.g., read receive buffer)

b. Status diata received from the HBCC include the following:

1. Receiye sialus (e.¢., received byte count)
2. Transrpit status (e.g., transmission completed OK)
3. Network wire status (e.g., network wire shorted)

ssage, and

INITIALIZATION--Initialization is accomplished by sending the HBCC commands to load the adcompanying
data as configliration information. The HBCC edn be configured to enable or disable interruptq to the host,
thereby allowing a polling scheme to be used;land to select the bus bit rate. Receive message fiilter look up
tables can alsp be loaded to screen incomiing messages, thus reducing host burden. Once the HBCC is
initialized, norpal transmission and reception can begin.

SENDING A MEpSAGE-—Loading a message into the HBCC for transmission on the bus is done by several SPI
transfers. Eagh transfer contains an indirect address byte which defines where to store the adcompanying
data byte into the HBCC transtnit buffer. Once the entire message has been loaded into the trahsmit buffer,
the command|to transmif\the message is sent to the HBCC. The HBCC will then on its own begin to
synchronize w|th the activity on the bus and transmit the message on the bus. The HBCC hangdles all data
link access rgsponsibilities, i.e., idle bus detection, arbitration, and automatic retry. When|a message
transmit atterqpt is~completed, an interrupt is generated and the host can check the resyltant status,

including the status of an inframe response

RecCEiviNG A MESSAGE—Receiving bus messages using an HBCC is generally based on servicing the
interrupt that occurs, if enabled, at the completion of message reception. The HBCC c¢an be configured with
interrupts either enabled or disabled, but for this example, interrupts are assumed to be enabled. Upon
receiving an interrupt, the host will perform a two byte SPI transfer and receive from the HBCC a status byte
and a data byte. The status byte can be used to determine how full the receive buffer is, and whether certain
receive errors have occurred. A received message can subsequently be transferred from the HBCC to the
host.
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A.2.5 HBCC Pin Descriptions—The names and descriptions of the pins of the HBCC are shown in Table A3.

TABLE A3—HBCC PiN NAMES AND DESCRIPTIONS

Pin Number Pin Name Description
1 SCLK Serial Clock
2 CS~ Chip Select ~ (Active Low)
3 USER7 User input 7
4 USERS User Input &
5 HSERS HeermputS
6 USER4 User Input 4
7 USER3 User input 3
8 USER2 User input 2
2 USER1 User input 1
10 USERG User input 0
1 MS2 Mode Select 2
12 MSt Mode Select 1
13 BXMT ~ Network B Drive~ {Agtive Low}
14 AXMT Network A Drive
15 Vdd Analog Voltage.Supply (+5 V)
18 BRCV Network B Receive 77
17 ARCV-~ Network A Receive (Active l.ow)
18 GND Analog Ground
19 TESTENA ~ Test Enable A (Active Low)
20 AWAKE HBCC Awake
21 RST ~ Reset ~ (Active Low)
22 Vdd Digital Voitage Supply (+ 5 V)
23 OSCIN Osciliator 1
24 asSCQuUT Osciliator 2
25 GND Digital Ground
26 INT ~ Interrupt~ (Active Low)
27 SRCVD/SDAT Serial Data Receive/Serial Data /0
28 SXMTD/DIR Serial Data Transmit/Data Direction

A.2.6 Additiongl Capabilities—Both the DLCS and HBCC include support for boeth transmit an
huffering and automatic message retransmission. The HBCC alse includes support fo
filtering, wake upyrand 41.6 Kbps PWM bus physical fayer fault tolerance. The DLCS also

send and receive/Break and for wake up.

A.3 PCl, HBCC;

d receive message
r racelve message
includes support to

nes the use of the

Programmable Communication Interface (PCI) developed by Chrysler, the Hosted Bus Communication
Coniroller (HBCC) developed by Ford, a discrete 41.6 Kbps transmit driver, and the common 1SO 9141-2
interface to provide the required interface support. (Figure A2B shows the detail of the PCL)

A description of the HBCC interface is found in A.2.4.

A description of the 1ISO 9141-2 interface is found in A.1.4.

A description of the PCl is found in this section.
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The host communicates with the PCl and the HBCC through the host's SPI interface. The host operates the
SPI interface as the master and uses logic control lines io select either the PCI or the HBCC to communicate
with. Control information sent from the host to the PCI and the HBCC cause the PCl and HBCC to be enabled
or not. The ISO 8141-2 interface uses the SCi interface of the host and a logic line to enabile the L line.

A.3.1 General Overview—The PCI operates at a 10.4 Kbps data rate using the symbols specified in SAE J1850,

The PCIl is controlled by the coordinated interdependence of both hardware and software. The system
consisis of the interconnection of three devices:

a. A Control Microcomputer with custom software
b. A Symbpol Encoder/Decoder (SED)
c. An Integrated Driver Receiver {IDR)

The control micipprocessor controls the operation of the SED and interfaces with the host(

The SED is a figital gaie array device which performs symbol enceding and decoding, timfng and bus
synchronization,

The IDR is an analog ASIC which performs as a 10.4 Kbps VPW bus transceiver for the PC).

A.3.2 Control Microcomputer-~The control microcomputer has overall controfof the PCI's operation ahd interfaces
with the host andl the SED. The control microcomputer, under software Control, interprets host cofnmands and
bus symbols.

A.3.2.1 CoNTROL MICROCOMPUTER SOFTWARE STRUCTURE—The cenfrol microcomputer's most criticiJ task is to
service the IR interrupts generated by the SED. Less ctitical tasks are handled on an as-neefded basis by
the interruptable main program.

The IRQ intermupt processing task services the fallowing:

Transmigsion of Frame Symbols
Receptipn of Frame Symbols
Bit-By-Bjt Arbitration

Error Dgtection

Symbol pncoding and deCoding
in-framd response

~eooTp

The main program services the following:

a. Interfacg to thehost

1. SPI(
2. Chip selection of control microcomputer by the host

e
T ILT

b. Bus calcuiations

1. Checksum or CRC
2. Transmit and receive message buffering
3. Errorinterpretation

-7~
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a. Optional tasks when operating as host also

1. Keyboard inputs
2. Display drivers

A.3.2.2 CoONTROL MICROCOMPUTER INTERFACE TO THE HOST MicRroCOMPUTER—The PCI supports both a SPI or a
paralle! interface with the host. The host functions as interface master for both types of interfaces.

A.3.2.3 CoNTrOL MICROCOMPUTER INTERFACE TO THE SED—The interface between the control microcomputer and
the SED shall be as defined by A.3.3 and Table A4,

TABLE A4—CONTROL MICROCOMPUTER AND SED INTERCONNECTION

Input Port SED Output OCutput Port SED Input
PAO RO PBRO S0
PA1 R PB1 81
PAZ R2 PR2 S2
PA3 RECLEV PB3 TRPRE~
PA4. NF PB4 RSTNF
JRO~ RO~ : " PBS TRCLR~
S . SRS ~ = - ...TRSTER

converts these commands to SAE J1850 VPW symbels‘on a symbol-by-symbol bit-by-bit Basis. Reception of
messages is similarly accomplished, with the SED, converting each received symbol daty that is fed to the
control migrocomputer for deciphering.

A.3.3 Symbol Encoder Decoder (SED)—The SED receives commands from the control q;crocomputer and

A.3.3.1 SymeoL|EncopeR—The control microcomputer initiates the transmission of a frame by firgt strobing Transmit
Preset TRPRE ~ to a logic “0" and strobing Transmit Strobe TRSTRB to a logic "1". The S0, §1, and 52
Inputs ake then set to the logic levels defined in Table A5 in order to activate the transmit symbol generator
circuit, [During each symbol, the TYansmit Strobe TRSTRB is strobed. The transmit symbol genenerator
produces the required symbol on the Transmit TRANS Quiput of the SED. When the symbol has completed
transmigsion, the SED Redeive Circuit generates an IRQ ~ interrupt to the control microgomputer to obtain
the next|symbol. This cycie is repeated unti! the entire frame is transmitted.

TABLE A5—TRANSIT SYMBOL DEFINITION

Inputs Inputs Inputs Cutput Description

2 51 80— J880Amit Symbol—————————————
0 0 1 vt Short

0 1 o Tv2 Long

0 1 1 Tv3 SOF or EQD

1 4 0 TvE IFS

1 0 1 Tvs IBS

1 1 Q >Tvh BREAK

A.3.3.2 SymBoL Decoper—Similarly to the operation of the symbol encoder, the completion of the reception of a
symbol from the IDR by the SED causes the SED to interrupt the control microcomputer. The control
microcomputer reads the SED's RO, R1, and R2 outputs to determine which symbol was received, as
defined by Table AG.
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The meaning of each received VPW symbol is dependent on whether the symbol level is dominant or
passive. This level is read by the control microcomputer on the Receive Level RECLEV Output of the SED.

TABLE A6—RECEIVE SYMBOL DEFINITION

Input Description J1850
Rec. Symbol

Outputs R2
0

Qutputs R1
0

Outputs RO
0

Invalid Symbol
Tvt Short
Tv2 Long

A.3.3.3 INVALID SYMBQ

Output remains at a logic "1" level until cleared by Reset Noise Flag RSTNF Input)

A.3.3.4 SED INPUTS A

The foliowing

A.8.3.4.1 Transmit Clgar (TRCLRA~) Input—The SED's TRCLR~ input.ean be used by the control micrg
e transmission of an IBS or Break symbol. (BS may be terminated after the
been generated and a Break symbol may.be terminated after a period gre

terminate th
period has
maximum T
A.3.3.4.2 Reset (RST]

A.3.3.4.3 Oscillator (O

A.3.8.4.4 Transmit Str

that the conjrol microcomputer\is’' functioning correctly. The TRSTRB Circuit requires that

symbol mus
when ENTR

A.3.4 Integrated Driver/Receiver (IDR)—The {DR is the interface between the vehicle bus wiring and th
!

iDR integrates
waveform is spe

ND QUTPUTS-—Al inputs and outputs from the SED are at standard CMOS voltage

liscusses some particular SED inputs and outputs.

4 - O

VS O OF &RU0eF
Tv4 EOF

Tvg IFS

Tv5 IBS

- B DO
OO
S - O 4 O -

L—The reception of an Invalid Symbol (Refer to Table A8) sets a Noise Flag NF

5 has been generated.

Inputs—The BRST Input to the SED, is used to initialize the SED.

pbbe (TRSTRB) Input~The TRSTRB Input to the SED operates as a watchdog cirl

be strobed into the SED or the SED will transmit an idle Output. The TRSTRB
STRB Inputis grounded and disabled when the ENTRSTRB Input is connected 1

nd simultaneously performs both the bus driver and receiver functions.

i

tifically shaped to conform o SAE J1850 requirements and o minimize EMI.

Dutput. This

levels,

pcompliter to
inimum Tv5
er than the

SC) Input—The OSC Input tothe SED is the Time Base Clock Signal. When th¢ DS Input is
connected t¢ VCC, a 4.0 MHz clock is fequired. When DS Input is grounded, an 8.0 MHz clock is required.
CUit to insure
TCh transmit
Input is active

VCC.

e SED. The
Tha bus output

A.3.4.1 Bus QuTrPuT WAVESHAPING—The IDR bus output is wave shaped to have symmetrical rise and fall voltage
waveforms within the range of allowed bus loading tolerances and battery operating voltages and during
message arbitration. The waveshaping consists of a set rise/ffall and corner rounding times. The maximum
riseffall time is 16 us with the corner rounding of 4 us. The typical rise/fall time is set to 14 us with corner
rounding of 3 us.

A.3.4.2 TRANSMITTING SIGNALS ON THE Bus——The IDR receives 1's and O's from the SED on the CMOS compatible
Transmit pin (Tx} and translates these to wave shaped high and low signals at the bus out pin (Bout). The
propagation delay between the transition on the Tx pin and the corresponding transition on the Bout pin
measured at 3.875 V is a maximum of 12 us, with a typical value of 10 us.
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A.3.4.3 PROCESSING SIGNALS RECEIVED FROM THE Bus—The IDR receives 1's and 0's on the bus input pin (Bin) and
transiates these to 1's and 0's at the CMOS compatible Receive pin (Rx). The propagation delay between
the transition on the Rx pin and the corresponding transition on the Bin pin measured at 3.875 V is a
maximum of 2 us, with a typical value of 1 us.

A.3.5 Additional Capabilities—The additional capabilities of the HBCC are shown in A.2.6.

The PCl is able to buffer both transmit and receive messages, send and receive Break, support both CRC and
Checksum for message error checking, and comprehend IBS.

The MPU used in this example for the control microcomputer is a Motorola 68HC05C4. This particular version
of the 68H{C05 family is used for the designer's convenience. A much simpler 68HCO5P7 microcomputer could
also be uskd to perform the required PCI control tasks and in some cases the host tasks 'df a scan tool. The
68HC05C4's utilization during message transmission averages about 50% of the available CPU time. ltis
likely that with so much CPU time still available, the 68HC05C4 or the more poweriul and fapter 68HC11 could
be used to| perform both the control and host tasks.

A second gxample in this section Figure A3 shows the use of the control\microprocessor gssociated with the
PCI as thelhost also. As such the control microcomputer is connected to the HBCC and 1ISQ)€141-2 interfaces.
The exterrjal equipment manufacturer is left to design the interface to any required keyboard and display, which
are not shpwn. Similarly to the case shown in Figure A2A, thecontrol microcomputer exfernally selects the
HBCC or the ISQ 9141-2 interface when needed.

-20.
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A.4 SGC-Thomson Protocol Engine Interface Example—This example (see Figure Ada) combines the use of
an SGS-Thomson ST9 microprocessor as a control microcomputer, control microprocessor software, a
GALB001 programmable logic array device and discrete bus transceiver circuity to provide the required
interface support. Together these devices are identified as the SGS-Thomson Protocol Engine. {Figure A4B
shows the detail of the ST9 and the GALS001, Figure A4C shows the detail of the 10.4 Kbps Transceiver,
Figure A4D shows the detalil of the 41.6 Kbps Transceiver, and Figure A4E shows the detail of the SO 9141
Transceiver.)

In this example the host microcomputer is connectad to only one interface, the Protocol Engine. The Protocol
Engine directly supports the required SAE J1850 and IS0 9141-2 interfaces and includes the ability to, on its
own, determine the particular interface being used by a vehicle to support OBD [ communication.
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FIGURE A4A—SGS-THOMSON PROTOCOL ENGINE
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Ad422

A423

CONTROL MICROCOMPUTER INTERFACE TO THE HOST—Communication between the control microcomputer
and the host is based on the host reading from and writing to 64 bytes of memory in the control
microcomputer. Sixteen bytes are reserved for status and control of SAE J1850 related operations, 13 bytes
are reserved for status and control of ISO 9141-2 related operations, 3 bytes are reserved for general status
and control, and 32 bytes are reserved for receive and transmit buffers and related pointers and counters.

Data transfers between the host and the control microcomputer are performed as 2 byte transfers, a control
byte and a data byte, initiated by the host. The control byte from the host indicates whether the host wishes
to read or write a byte in the control microcomputer and what the address of the byte is Figure A5. The
second SPI byte transfer moves the byte read from the control microcomputer to the host or the byte to be
written from the host to the control microcomputer.

The corltrol microprocessor supports both an SPI and a paralte! type of interface withythe host. In order to
properly| service bus communications, the control microcomputer controls the actual-datg transfers between
itself anfl the host.

AuToMAlTIc OBD Il INTERFACE ScanN—tpon host request, the Protocol Enging will, by itself, automatically
scan all[of the possible OBD il interfaces and determine the one supported by a given velicle. The interface
scan sefjuence used is as follows:

a. SAE J1850 41.6 Kbps PWM
b. SAE J1850 10.4 Kbps VPW
c. 1809141-2
Bit 7 6 5 4 3 2 1 0
R/W R* MSB 6 bits of address LSB
R/W = Read/Write command bit. 0 = write to ST9
1 = read from ST9
R* = Reseét. 0 = Resets the chip.
6 bits)of address = address to read/write.
— e s

FIGURE A5—PROTOCOL ENGINE COMMAND BYTE

A.4.3 GALB001 Programmable Logic Array—The GALS00T Programmable Logic Array performs primarily as a
digital filter of the signal received from the vehicle bus. Itis a standard high-performance field programmable
EEPROM logic device and is available in a variety of packages. The device chosen has a 20-year data
retention specification. It is organized as a 78 x 64 x 36 FPLA.
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A.4.4 Discrete Transceiver—The discrete transceiver circuity includes all the components necessary to create the
required transmit signal waveforms on a bus and to receive bus signals. This includes support for 41.6 PWM,

A.4.5 Additional Capgbilities—in addition to supporting the requirements of this. document, the Pro

A.5

10.4 VPW and 1S

0 9141-2. The transceiver is responsible for or controls the following:

a. Voltage on the bus
b. Current levels

c. Mediaim

pedance

d. Signal rise times and fall times

The overall signal transmitied by the transceiver is conirolled by the control microcomputer.

Signal

transmission on a bus is created through the use of current sources/sinks. The 10.4 Kbps VPW driver is
comprised of a current source of 1X magnitude and a current sink of 2X magnitude. By switching on and off

the 2X current sifik, the Transcelver effectively causes the bus 1o make transifions from zero 10 one

current sinked o

microcomputer cpntrols the "ON" and "OFF" timing of the 2X sink, thereby controlling the data’and

the bus.

By using the confrolled current sink and source approach this driver effectively becomes short-cirg

sourced into the bus capacitance controls the rise and fall times of the signals.

also supports the foliowing options of SAE J1850: Checksum, comprehend IBS, Single Byte

Break.

Being software
interfaces to test

Simulation has determined that the bus signal control and monitor tasks require less than 30% g
paving at least 70% of a very fast microcomputer available for the other tas

microcomputer |

o zero. The
The control
data rate on

uit proof.

ocol Engine
Header, and

driven, the control microcomputer can be considered for supporting additipnal custom

equipment host microcomputers.

performing as the host.

Other facilities thiat are available with various versions of ST9 microcomputers are:

a. Eight 8-5

c. Eightus

The analog to d
determine if the

it analog-to-digital channels

b. Eight usIr readable input pins

t writable output pins

gital support would affow the host to have the control microcomputer to do su

diagnostic gonnector is plugged in, and look at the voltages on the bus and

communication i$ possible

ST9 microcomputer models have support for up 32K of ROM or up o 16 megabytes of external m

The ST9030 sho

i Ul vl e

y

members of the ST9 family can support OBD || communication.

f the controi
ks such as

th things as
determine if

EIOTY.

therefore all

Silicon Systems F690/F691 Scan Tool Chipset Interface Example—This example (see Figure ABA) com-
bines the use of the F690 Codec and F691 Transceiver scan tool chip set developed by Silicon Systems {S5i)
to provide the required interface support. (Figure A6B shows the detail of the F620 Codec, and Figure AC
shows the details of the F821 transceiver.)
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A.5.1 General Overview—The SSi Scan Yool chipset consists of the F690 Codec and the F691 Transceiver. The
F690 Codec performs the bit/symbol level CODer/DECoder operations for the SAE J1850 interfaces. This
allows the host processor to communicate with the chipset at the byte level. A parallel type interface is used
between the host and the Codec.

The F691 Transceiver performs the physical interface for the SAE J1850 41.6 Kbps PWM, SAE J1850 10.4
Khps VPW, and IS0 9141-2 requirements.

The I1SO 9141-2 interface support of the Transceiver is directly connected to the SCl interface of the host.

A.5.2 F690 Codec—A functional block diagram of the F690 Codec chip is shown in Figure A6B. The Codec
interfaces Wwith the host processor via an 8-bit parallel bus. The bus is multiplexed and both|Motorola and Intel
microcomguter parallel type interfaces are supported. Reset, chip select, and interrugt)lirle connections are
also used.

h also performs a
bymbol encoder as

appropriate PWM/
smit logic controls

Transmit Hytes are loaded from the host into the Transmit FIFO buffer of the Codec, whid
parallel to [serial conversion. The bit serial output from the Transmit FIFO iginput into the
well as intp the CRC generation logic. The symbol encoder converts bits {1 or 0) into theja
VPW timinkg symbols. Transmitted symbols are synchronized to the regeived data. The tra
the output|that drives the F691 Transceiver.

. The framing symbols for SOF, IBS, EOD, NB, EOF, and IFS afe also generated by the Codec. The host only
needs to pass to the Codec the message bytes, and checksum, when used.

The F690
input from
digital filt

transmitte

pin. The receive
Transitions at the
gic compares the

Codec receives information from the F691dvansceiver chip via the RCVJ inpu
the Transceiver is, in the Codec, digitally filtered and fed into the symbol decoder
r output are also used to synchronize the transmitter. The collision detect iq

and received signals and performs-the bus arbitration function.

n a data bit match
are detected, they

The symbpi decoder compares the digitalfilter output with known symbol templates. Whe
oceurs, the proper bit (1 or 0) is shifted.into the receive FIFO buffer, When framing symbois

are strippgd from the received data and fed into the synchronization/controiler fogic. The d
symbol dgcoder output are also'fed into the CRC checking logic. The receive FIFO buff
serial to parallel conversion sGch that the host processor can parallel read a received data &

Configurafion data, transmit and receive status data, and interrupt mask registers are inc

ta values from the
r also performs a
vie.

uded on the F690
i, CRC error, lost

Codec. ipterrupts canbe enabled to indicate transmit buffer empty, receive buffer fu
attribution| idle bus, fault detection, etc.

CMOS technology,

The F590| Codec chip is available in a 28 PLCC package. The part is fabricated in a
operates f han 100 mW

A.5.3 F691 Transceiver—A functional block diagram of the F691 Transceiver is shown in Figure A6C. This chip
performs the physical level interface functions. The Transceiver is capable of driving a single-ended,
waveshaped, 10.4 Kbps VPW signal as well as the differential, 41.6 Kbps PWM signal onto SAE J1850 buses.
Two configuration lines from the F690 Codec determine what xmit/receive mode is to be used by the
Transceiver. The receiver consists of either single-ended or differential comparators. Hysteresis is added to
improve noise immunity. The transmitter/receiver for the 1SO 9141-2 interface is also included on the
Transceiver.

Other than waveshaping for the SAE J1850 10.4 Kbps VPW interface, all timing is controlled by the FE90
Codec chip. An on-chip bandgap reference and prepackage trims are used to tightly control the SAE J1850
10.4 Kbps VPW waveshape parameters and comparator switching levels.
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FIGURE AGC—F691 TRANSCEIVER

The F691 Transceiver chip is available in a 16-pin plastic DIP. The part is fabricated in a BIPOLAR technology,
operates from a single 9 to 13 V supply, and dissipates 500 mW max.

-35.



https://saenorm.com/api/?name=44865532e29dd941cc724e0c4b67e6f1

