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FOREWORD

The purpose of this document is to specify the requirements necessary to fully define the Serial Communication Interface
(SCI) communication link used in the reprogramming of emission-related powertrain Electronic Control Units (ECU) in Fiat
Chrysler Automobiles (FCA) vehicles. It is intended to satisfy regulations proposed by the federal U.S. Environmental
Protection Agency (EPA) and California Air Resource Board (CARB) regulatory agencies regarding “pass-thru
programming” of all On-Board Diagnostic (OBD) compliant emission-related powertrain devices. These requirements are
intended to provide independent automotive service organizations and after-market scan tool suppliers the ability to
reprogram emission-related powertrain ECUs for all manufacturers of automotive vehicles.

This specification shall strictly apply to Fiat Chrysler Automobiles (FCA) vehicles developed and manufactured exclusively
by the former Chrysler Corporatlon and DalmlerChrysIer Corporatlon (Chrysler Group), and for purposes of clarification,
referred to herein gs—Hat-Ghrysier-Autemebites-{GA—This-specification-shalt-nrotapp rmer DaimlerChrysler
Corporation vehiclgs or subS|d|ar|es mcludlng products developed and manufactured by Mercgdes-Benz, Smart, or
Mitsubishi Motors LCorporation. The SCI communication link defined herein shall apply to vehiclgs with Chrysler DLC
configurations A or|B. These requirements are in addition to the approved OBD communication linkls previously specified
and included in $AE J2534-1 Pass-Thru Programming, and constitute unique Fidt) Chryslel Automobiles (FCA)
manufacturer-specific requirements. This specification will be referenced from within SAE J2834-1 as a technical
information report.
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1. SCOPE

1.1 Purpose

The purpose of this SAE Information Report is to specify the requirements necessary to fully define the Serial Data
Communication Interface (SCI) used in the reprogramming of emission-related powertrain Electronic Control Units (ECU)
in Fiat Chrysler Automobiles (FCA) vehicles. It is intended to satisfy new regulations proposed by the federal U.S.
Environmental Protection Agency (EPA) and California Air Resource Board (CARB) regulatory agencies regarding “pass-
thru programming” of all On-Board Diagnostic (OBD) compliant emission-related powertrain devices. These requirements
are necessary to provide independent automotive service organizations and after-market scan tool suppliers the ability to
reprogram emission-related powertrain ECUs for all manufacturers of automotive vehicles.

Specifically, this document details the SCI physical layer and SCI data link layer requirements necessary to establish
communications bet €r specifies additional requirements ffor the application of
a flash strobe voltage multiplexed on the SCI commun|cat|on link for purposes of ECU reprogramming. This document
does not specify thel content or meaning of the application messages or diagnostic protocol te, be trgnsmitted on the SCI
communication link. |It only defines a generic method to transfer data between a diagnostic tester andlan ECU, regardless
of application messgpging structure. This document has been written defining the SCI leommunication link from the
Tester's point of view.

This specification wi
In this regard, the
previously specified
requirements.

1.2 Applications

This document shal
by the former Chrys|
referred to herein a
Corporation vehicle
Mitsubishi Motors C
1994 model year.

1.3 History

Fiat Chrysler Autoni
1993 model year. Fl
purposes of updatin
(manufacturing envi
require strict complig

- Vehicle perforn

| be referenced from within SAE J2534-1 Pass-Thru Programming as a technic
nclusion of the SCI communication link is in addition to-the’approved OBD
in SAE J2534-1, and constitutes unique Fiat Chryslér Automobiles (FCA) n

strictly apply to Fiat Chrysler Automobiles\(FCA) vehicles developed and mant
er Corporation and DaimlerChrysler Corporation (Chrysler Group), and for purp
5 Fiat Chrysler Automobiles (FCA) .
5 or subsidiaries, including products: developed and manufactured by Merced
brporation. The SCI communication’link defined herein shall apply to OBD vehic

obiles (FCA) introduced flash technology into emission-related powertrain EC
hsh technology consisted of implementing reprogrammable memory devices into
g software functionality and calibrations in the customer field (service environm

| information report.
communication links
nanufacturer-specific

factured exclusively
oses of clarification,

This document shall not apply to other former DaimlerChrysler

es-Benz, Smart, or
es retroactive to the

|Us beginning in the
powertrain ECUs for
ent), assembly plant

ronment), abd-'vehicle development (engineering environment). Reprogramming events in the field

nce to corporate guidelines based on the following criteria:

nance.//driveability

- Vehicle safety

- Vehicle emissions
- Vehicle fuel economy
- Customer satisfaction

The Fiat Chrysler Automobiles (FCA) flash strategy consists of incorporating proprietary standards and requirements into
the flash process. These requirements involve the integration of multiple levels of protective security measures using
software and hardware lockout techniques including additional safeguard mechanisms controlled via internal corporate
processes and corporate test tools. New regulations will force a change in the current Fiat Chrysler Automobiles (FCA)
flash strategy and process.
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2. REFERENCES

2.1

Applicable Documents

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

211
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Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA

and Canada) or 724-

776-4970 (outside USA), www.sae.org.
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Rela
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2.2.1 Fiat Chrysle

Available from Fiat (

MI USA 48326-2757]

rican National Standards Institute, 25 West 43rd:Street, New York, NY 10036-

d Vehicles - Diagnostic Systems - Part 2: GARB Requirements for Interchange of|

d vehicles - Keyword Protocol 2000fér Diagnostic Systems - Part 4: Require
ted Systems

d Vehicles - Diagnostics on CAN- Part 4: Requirements for Emission-Related Sy,
ations

htions are provided. for information purposes only and are not a required part o

- Automobiles (FCA) Publications

Chrysler,Automobiles (FCA), Vehicle Diagnostics, CIMS 484-08-06, 800 Chryslef

8002, Tel: 212-642-

Digital Information

ments for Emission-

stems

this SAE Technical

Drive, Auburn Hills,

SCI Diagnostic Protocol for PCM Applications, Fiat Chrysler Automobiles (FCA)

SAE J2190

Diagnostic Protocol for PCM Applications, Fiat Chrysler Automobiles (FCA)

System and Method for Reprogramming Vehicle Computers, U.S. Patent No. 5,278,759, Fiat Chrysler Automobiles (FCA)
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2.2.2 Motorola, Inc. Publication

Available from Motorola Literature Distribution, P.O. Box 20912, Phoenix, AZ USA 85036...
Queued Serial Module (QSM) Reference Manual, Motorola, Inc.

3. DEFINITIONS

3.1 BIT

The contraction of binary digit representing the smallest unit of information. A bit can assume either a logical high (e.g.,
mark) or logical low (e.g., space) value.

3.2 BITTIME
The time required to[serially transmit/receive one bit of data, which is equal to one cycle of the baud frequency.
3.3 BREAK
A character or symbpl used to terminate bus communications and reset all nodes to '@ ready-to-receive state.
34 CHARACTER
A data byte containgd in a data frame transmission.
3.5 FRAME
One complete transrission of information delineated by the start of frame (start bit) and end of frame [stop bit) identifiers.
3.6 MESSAGE
An orderly sequencq of data frame transmissions hiaving varying length.
3.7 FULL-DUPLEX
A communication sygtem capable of simultaneous bi-directional communications.
3.8 HALF-DUPLEK
A communication sygtem capable of bi-directional communications, but only in one direction at a time

3.9 MARK

A state of a binary element indicating a logical high or “1” value (inverse of space).
3.10 SPACE

A state of a binary element indicating a logical low or “0” value (inverse of mark).
3.11 START BIT

The first binary element transmitted in the asynchronous transmission of a data frame. It is used to uniquely identify the
beginning of a data frame transmission to synchronize the receiver to an active session.

3.12 STOPBIT

The last binary element transmitted in the asynchronous transmission of a data frame. It is used to uniquely identify the
end of a data frame transmission to return the receiver to an idle condition.
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4. ABBREVIATIONS AND ACRONYMS

LSB — Least
MSB — Most

bps — bits per second

BRK - Break

CAN - Controller Area Network

CARB - California Air Resource Board
ECM - Engine Control Module

ECU — Electronic Control Unit

EPA — Environmental Protection Agency
ISO — International Standards Organization

Significant Bit
Significant Bit

NRZ — Non-Return-to-Zero

S<CTYPNOTOS3ITATTSQ@ OO0 TY

OBD - On-

PCM — Pow
PROM - Prd
RAM — Rang
ROM — Rea
Rx — Receiv
SAE - Sociq
SCI — Serial
TCM —Tran
TTL - Trans
Tx — Transm
UART — Uni

5. TECHNICAL OV

5.1 General

The Serial Data Compmunication Interface (SCI) is defined\as a full-duplex, asynchronous, UART-bas
inications between an off-board diagnostic tester and an on-board electronic conmtrol unit (ECU). The
link is required to support thexdiagnosis and reprogramming of emission-relateq powertrain devices
tomobiles (FCA) vehicles, {t\is implemented as a non-inverted 0 to 5V DC agynchronous system
le high mode. SCI baud rates are software selectable for data transmission modes. SCI terminations
nector must be software selectable for multiplexing old and new SCI configuratipns. Additionally, the
h strobe voltage multiplexed on the SCI communication link is required for

point-to-point comm
SCI communication
for Fiat Chrysler Au
requiring a 5V DC iq
at the diagnostic cor
application of a flas
memory devices.

The following points

a. Full-duplex, dua

Oard-Dragnostic

brirain Control Module
grammable Read Only Memory
om Access Memory

 Only Memory

a)

-

ty of Automotive Engineers
Communication Interface
smission Control Module
stor-Transistor Logic

it
ersal Asynchronous Receiver Transmitter

ERVIEW

summarizedhe SCI communication link requirements:

-wire interface using one Rx line and one Tx line

b. Non-inverted Tralmsistor-Transistor Logic (TTL) voltage level operation using idle “high” mode

c. Non-Return-To-Zero (NRZ) bit-coding format using 10-bit data frame

d. Multiple data rates of 7812.5 bps and 62.5 Kbps

e. Flash strobe voltage (Vpp) using a multiplexed up to 20 V DC source

d serial interface for

programming ECU
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5.2 Communication Model

The SCI communication model characterizes the SCI communication behavior into three conceptual layers: SCI Physical
Layer, SCI Data Link Layer, and Message Application Layer. In this regard, SCI communications is accomplished through
the conceptual layering of peer entities. Each peer entity forms a virtual communication link. The layers allow transmitted
data bits to be grouped into data frames, data frames constructed into messages, and messages mapped into application-
specific protocol functions. This is illustrated in the SCI communication model in Figure 1.

Diagnostic Electronic
Tester Control
Unit
AME§Sage Virtual Link for Messages ,Mefsaﬁ?e
XPPITCatuIT € ————— > APPILatiornt
Layer (peer to peer entity) Layer
SCI_ Virtual Link for Data Frames SCI_
Data Link € mmm e > Data-Link
Layer (peer to peer entity) Layer
SCl Vi I Link for Digital Bit 8t SCl
Physical | il Lk o Dgta S | i
Layer (peer to peeiéntify) Layer

Serial Data(Communication Interface (SCI)
Figure 1 - SCI communication model depicting the three conceptual layers
Note that the SCI pommunication model.does not specify the content or meaning of the application messages or
diagnostic protocol fo be transmitted on this interface. It only defines a generic method to trangfer data between a
diagnostic tester and an ECU, regardless‘of application messaging structure.
6. PHYSICAL LAYER
The SCI Physical Layer is<responsible for transferring data bits between the diagnostic tester and|the ECU. The SCI

Physical Layer defines ¢hé/data transmission rates, electrical signals, physical media, routing, ang connectivity to the
vehicle.

6.1 Data Rate Specification

The SCI communication link shall have a default data rate of 7812.5 bps. A communication session between a diagnostic
tester and an ECU shall always be initiated at the default data rate. A change in data rate can be negotiated once
communications are established between the diagnostic tester and ECU. The ECU shall automatically track to the
requested data rate following a command sequence from the diagnostic tester. The command sequence is initiated by
transmitting a specific training character to the ECU. The ECU shall respond with an acknowledgement character
following establishment of the proper data rate. For proper operation of serial communications, the diagnostic tester and
ECU shall support the data rates as specified in Figure 2.
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Description Data Rate Bit Time Tolerance (%)
(bits per second) (microseconds)
Low-Speed Mode (Default) 7812.5 128.0 +/-2.0
High-Speed Mode 62.5K 16.0 +/-2.0

Figure 2 - SCI communication modes with available data rates and bit times

The bit time is the t.fmmmmmmmmmwmmm the baud frequency
as determined by the¢ selected data rate.

6.1.1 Initialization

An ECU shall always initialize to the default low-speed communication rate of 7812.5 bps following an ECU power-on or
reset condition.

6.1.2 Communication Modes
An ECU shall suppoft the following communication modes of operation:

a. Low-Speed Mode - The low-speed mode shall be used for initializing a communication exclpange or diagnostic
session betweern a diagnostic tester and an ECU.

b. High-Speed Mode - The high-speed mode shall be used for establishing a data acquisitipn session or flash
reprogramming gownload session between a diagnostic.tester and an ECU.

6.2 Signal Definitipn

For proper operation of serial communications, the_diagnostic tester and ECU shall correctly determipe each signal value
as specified as follows.

6.2.1 Logic Levels

A standard Non-Return-to-Zero (NRZ) bit-coding format shall be required using non-inverted Transistor-Transistor Logic
(TTL) voltage levels| The logic states of each binary element are defined as follows:

a. Logic “1” State: A logic 4 state (high) shall be equivalent to a voltage level greater than 4.0 V (i., 80% of Vdd).

b. Logic “0” State: Adogic “0” state (low) shall be equivalent to a voltage level less than 1.0 V (i.e., 2Q% of Vdd).

The rise and fall times shall be less than 10% of the bit times specified by the data rate. The rise and fall times shall be
defined as the time for the voltage to change from 20% to 80% of Vdd (rise time), and from 80% to 20% of Vdd (fall time).
This implies that in the 7812.5 bps low-speed mode, the rise time from 1.0V to 4.0V shall be no longer than
12.8 microseconds. In the 62.5 Kbps high-speed mode rise and fall times shall be no longer than 1.6 microseconds.

6.2.2 Idle Condition

An idle condition shall be defined as 10 (or more) consecutive bit times at a logic “1” state. Hence, the SCI communication
link shall enter a “bus high” state when an idle condition is declared.
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6.2.3 Break Condition

A break condition shall be defined as 10 (or more) consecutive bit times at a logic “0” state (i.e., BRK character). The
BRK character is used to terminate bus communications and reset all nodes to a ready-to-receive state. Hence, the SCI
communication link shall enter a “bus low” state when a break condition is declared.

6.3 Routing and Connectivity

Connectivity from the diagnostic tester to the vehicle shall be provided via the SAE J1962 Diagnostic Connector. Physical
routing from the diagnostic connector to each ECU shall be provided via an SCI receive/transmit communication link in
accordance to the specifications as follows.

6.3.1 Diagnostic Connector Configurations

The SAE J1962 Diagnostic Connector is an industry-standard 16-pin common connector configuratii:n defined for use in
automotive vehicles| The diagnostic connector provides the physical means by which access-to the on-board vehicle
communication network is accomplished. The specific assignment and functionality of a fixed'Set of| connector terminals
has been defined by SAE for common industry-standard use by all vehicle manufacturers. The femaining undefined
connector terminals pre allocated for manufacturer-specific use for unique applications,

A revision to the SAE J1962 Diagnostic Connector recommended practice was, enacted due to new|regulations allowing
provisions for the agceptance of a Controller Area Network (CAN) as a viable alternative On-Boafd Diagnostic (OBD)
communication intefface. Consequently, new SAE requirements redefined connector pins 6 |and 14, previously
designated as mar|ufacturer-specific, as SAE-specific for the development and integration of |CAN. Fiat Chrysler
Automobiles (FCA) had previously designated pins 6 and 14 as SCI receive lines for the engine EQU and transmission
ECU, respectively. Consequently, Fiat Chrysler Automobiles (FCA) has defined two unique connecfor configurations for
use in vehicle applidations. Configuration 'A' shall be referred to as'the 'old' configuration, and Confijguration 'B' shall be
referred to as the 'nqw' configuration. Each connector configuration’is defined in the following sectiond.

a. Configuration 'A—Configuration 'A' shall be used in Fiat Chrysler Automobiles (FCA) vehicles bgginning in the 1994
model year thrdqugh the 2001 model year, and shall gradually be replaced beginning in the 2002 model year by
Configuration 'B|. Physical routing to ECUs shallxbe handled by providing a separate SCI receie line to each ECU.
The engine ECU shall support an SCI receive line (Tester SCI Tx line) terminated at pin 6, and the transmission ECU
shall support an|SCI receive line (Tester SCI:Tx line) terminated at pin 14. Both engine and trangmission ECUs shall
share a common SCI transmit line (Tester'SCI Rx line) terminated at pin 7 (wire-ORed together)l SCI connections to
pins 6 and 14 shall not electrically inteffere with ISO 15765-4 CAN operation. Likewise, SCI connpctions to pin 7 shall
not electrically |interfere with ISO9941-2 operations. Additionally, if a vehicle supports SAE J1979 legislative
diagnostics via the 1SO 9141-2 (Ksline, the ECU SCI transmit lines (Tester SCI Rx line) shal remain wire-ORed
together for engine and transmission communications as specified in Configuration 'A'.

b. Configuration 'B}—Configuration 'B' shall be used in selective Fiat Chrysler Automobiles (FCA) yehicles beginning in
the 2002 model|year,/and shall eventually be used on all vehicle applications exclusively. Physjcal routing to ECUs
shall be handlefl by-providing a separate pair of SCI receive/transmit lines to each ECU. The engine ECU shall
support an SCI fleceive/transmit pair terminated at pins 12 and 7, respectively. The transmission ECU shall support an
SCI receive/transmit pair terminated at pins 9 an , respectively. In this regard, configuration 'B' supports the
independent interrogation and flash reprogramming of engine and transmission ECUs via SCI simultaneously.
Additionally, SCI connections to pins 6 and 14 have been vacated to allow the migration to CAN to proceed without
exception. This also permits the co-existence of both SCI and CAN vehicles using Configuration 'B', and supports full
compliance to the SAE J1962 diagnostic connector requirements per the latest SAE publication.

6.3.2 Diagnostic Connector Terminations

The SAE J1962 connector terminal assignments are defined in Figure 3 for each Fiat Chrysler Automobiles (FCA) vehicle
configuration. SCI receive/transmit connections are depicted as gray-shaded assignments (viewed from the ECU
perspective). Each configuration is shown compared against the SAE industry-standard reference.
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lash Strobe

. Chrysler Chrysler
z': Terminal Assspi‘En‘::ugﬁtz& Function Terminal Assignment & Function Terminal Assignment & Function
) 9 - Configuration ‘A’ - - Configuration 'B' -
1 <Manufacturer Discretionary> -—- -—-
2 SAE J1850 (+) SAE J1850 10.4Kbps VPW SAE J1850 10.4Kbps VPW
3 <Manufacturer Discretionary> - -
4 Chassis Ground Power Ground Power Ground
5 Signal Ground Signal Ground Signal Ground
] 156157654 €AN,Class-C (+)
~ _ ITolCT OUIl TA \Ellulllc I:UU) A 1OV TI7r0U=5 UAIN
6 ISO 15765-4 CAN-C (+) Vpp Flash Strobe 500Kbps
7 ISO 9141-2 | ISO 14230-4 K-line eSS Il Rt (EngIONERENIEED | gy sqﬁﬁx\eEngine ECU)
ECUs) ~l,
8 <Manufacturer Discretionary> - -
9 <Manufacturer Discretionary> - Vg’l\;ﬁ&bréCl i s iEeton EeL) f

10 SAE J1850

)

11 <Manufactur

er Discretionary>

12 <Manufactur

er Discretionary>

Tester SCI Tx (En
Vpp Flash Strobe

hine ECU) /

13 <Manufactur

er Discretionary>

14 ISO 15765-4

CAN-C (-)

Tester SCI Tx (Tra\z@ission ECU)/
Vpp Flash Strobe *\

ISO 15765-4 CAN
500Kbps

Class-C (-)

15 ISO 9141-2

ISO 14230-4 L-line

Tester SCI Rx (Transmission ECU)

16 Unswitched

Battery Voltage

Battery Voltage

Battery Voltage

The SCI receive/tran
a. Reroute pin 6 (G
b. Reroute pin 14 (
c. Vacate pin 6 ang

d. Retain pin 7 (Co

onfiguration 'A%.to-pin 12 (Configuration 'B') for Engine
Configuration 'A') to pin 9 (Configuration 'B') for Transmission

pin_14.for CAN-C (+) and CAN-C (-), respectively

Figure 3 - Terminal assignments and function for
SAE J1962 diagnostic connector configurations

smit re-mapping from:€onfiguration 'A' to Configuration 'B' is defined as follows:

Rfigtration—BY-forEngine-onty

e. Separate and reroute pin 7 (Configuration 'A") to pin 15 (Configuration 'B') for Transmission

The routing for each diagnostic connector configuration is depicted graphically in Figures 4 and 5.
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Configuration 'A’

Engine Transmission
ECU ECU
SCI SCI SCI SCI
Rx Tx Rx Tx
SCI Tx (Engine/Transmission ECUs)
SCI Rx/Vpp (Engine ECU)

14
J

ORI r
JozZ-Dragnostrc

Connector

1

9

B-B8 88888
BEEEEEBEB

Figure 4 - C

SCI Rx/Vpp (Transmission ECU)

onfiguration ‘A’ depicted with single SCI line

shared per pair of emissjon ECUs

Configuration 'B’

Engine
ECU

SCI SCI
Rx T

Transmission
ECU

SCI SClI
Rx Tx

[ [
N | SCI Tx (Engine ECU)

J1962 Diagnostic
Connector

Qa@aaaa@a?
C

9 16

B-e=-E-E-E-E-E-E

SCI Rx/Vpp (Transmission ECU)

SCI Rx/Vpp (Engine ECU) SCI Tx (Transmission ECU)

Figure 5 - Configuration ‘B’ depicted with independent

SCl lines per each emission ECU
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6.3.3

Diagnostic Connector Multiplexing

Multiplexing of the SAE J1962 diagnostic connector terminals shall be required by the diagnostic tester to support the two
vehicle configurations as follows:

a.

Configuration 'A' - For Configuration 'A’, connector pins 6 and 14 shall be multiplexed between SCI functionality and

ISO 15765-4 CAN functionality under software control. SCI connections to pins 6 and 14 shall not electrically interfere
with 1ISO 15765-4 CAN operation. Both pins must transition simultaneously between data link types when requested.
When the SCI mode is selected by the tester, both pins 6 and 14 must support SCI transmit with Vpp flash strobe
function under software control. The default settings for the SCI channel function are 7812.5 bps with flash strobe
'OFF'. Connector pin 7 shall function as either an SCI receiver, or an ISO 9141-2 bi-directional transceiver under
software control. SCI connections to pin 7 shall not electrically interfere with ISO 9141-2 operations, and shall be able

to be pulled to e

Configuration 'B

SCI mode is sel¢cted by the tester, both pins 9 and 12 must support SCI transmit with Vpp flash s

software control
SCI channel fun
receiver, or an |
interfere with S
programmable ¢

For additional detai
session, please refe

6.4 Media Charac
The SCI physical me
6.4.1

Impedance

Impedance characte]
circuits in 6.5.
6.4.2 Interface Ca

The diagnostic teste

The interface cable nay be constructed using one of the following methods:

ther venicle battery or 5 V DT under programmable control.
- For Configuration 'B', connector pins 9 and 12 shall be configured for SCI fur
Either connector pin transitions independently with SCI mode enabled: The de
ction are 7812.5 bps with flash strobe 'OFF'. Connector pins 7 and\15.shall func
SO 9141-2 transceiver under software control. SCI connections-o' pins 7 or 15
O 9141-2 operations, and shall be able to be pulled to either vehicle batte
pntrol.

to Section 9 “Reprogramming Requirements”.

eristics

dia shall be defined as a dual-wire, unshiglded, twisted-pair interface.

ristics shall be dictated by the interface circuitry as specified in the ECU receiver/

ble Considerations

" interface cable shall not exceed a maximum of 5 m in length.

imper’,connectors in the interface cable, backward compatibility between C
can’be supported with minimal tester software overhead. This is accomplished b

ctionality. When the
trobe function under
fault settings for the
ion as either an SCI
shall not electrically
y or 5V DC under

s regarding the multiplexing of the Vpp flash strobe requirements during a flash reprogramming

ransmitter reference

bnfiguration 'A' and
y shorting connector

gether for engine ECU and connector pins 9 and 14 together for transmission E

CU, and promotes a

single interface cable usage for old vs. new connector configurations. The same goal can be accomplished using a
cable adapter with the jumpers integrated into the adapter. However, the interface cable and/or adapter connector will
constitute special requirements for Fiat Chrysler Automobiles (FCA) vehicles, and as such, may be a less desirable
solution. Additionally, this set-up cannot be used for CAN vehicles.

a. By using two j
Configuration 'B
pins 6 and 12 tg

b.

By not using any jumper connectors in the interface cable, tester detection of connector configuration can be

supported through software polling techniques. Several methods for ECU response detection via connector pins 7 and

15 are possible.

This approach allows a standard interface cable to be used for all vehicles.

6.5 ECU Receiver/Transmitter Reference Circuits

The following figures depict functionally equivalent to SCI receive and transmit circuits for an ECU.
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6.5.1 Tester SCI Tx, ECU Receiver Circuit

The ECU receive circuit shall contain provisions to support SCI communications as well as Vpp flash strobe requirements
multiplexed on the same line by the diagnostic tester. An example of a typical ECU receive circuit is shown illustrated in
Figure 6.

Data Direction . i .
ECU Receiver Circuit

% ﬁ N /| e

|
|
|
|
|
|
|
Tester I
|
|
|
|
|
|

¥

|
|
|
|
|
|
ECU  \ = el I
SCITx/ SCIRx A\ V. Vhgm !
Vpp [
. |
Cq T C: |
T T |
= — — |
_____ I -\ O I I
Compagnent Description Min. Value Nominal Value Max. Value Upits
Resistor, Ry 10,000 opms
Resistor, R 10,000 ohms
Capacitor, Cy 1,000 picofarads
Capacitor, G, 33 100 picofarads

Figure 6 - Representative ECU receiver. circuit with typical component value{

o

The recommend Tesgter SCI Tx circuit has the following characteristics:

tem Requirements Description

Power Supply 5.0V #5% Voltage of power supply to SCI Tx line.
\oltage (Vcc)

Pull-up A70Q £ 5% Resistance pull-up to Vcc.

Resistance

Figure 6.1 - Electrical Characteristics
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Vce
SCI Tx Line
Receiver 470Q /
A ! .
~ «—— DLC
UART Is (Data Link Connector)
N L
L !j
| L4
Comrlnunication Interface on Tester \

Signal Ground
Figure 6.2 - Recommended interface circuit on tester

6.5.1.1 Requiremgnts of Transmitter

Item Requirements Description

Logic[“0” Voltage Less than 0.5V Output voltage atlogic “0”

Sink Current (1S ) | More than 15mA Sink Current at’logic "0" (Figure Figure 6.2),
Logic|“1” Voltage More than 4.5V Output voltage at logic “1” with the load shqwn in
Figure “Load Circuit”.

Figure 6.3 - Transmitter electrical requirements
6.5.2 Tester SCI Rx Circuit, ECU Transmitter Circuit

The ECU transmit circuit shall contain an open-collector style circuit to drive a diagnostic tester receige circuit such as the
example illustrated in Figure 7. The tester must prévide adequate pull-up resistance as shown.

Data Direction
Tlester Receiver Circuit ECU Transmitter Circuit

A\ ECU
J—c:nToé SCI Tx

|
|

! |
| |
' |
' |
| |
| Tester |
: SCIRx - 7. ;
! |
I |
| |
' |
' |
|

T T 1 o
______________ 1 b T _____.
Component Description Min. Value Nominal Value Max. Value Units
Resistor, Rs 82 ohms
Resistor, R 1,000 2,000 ohms
Capacitor, Cs 470 1,880 picofarads
Capacitor, C4 470 1,000 picofarads

Figure 7 - Representative ECU transmitter circuit with typical component values

The recommended value for R4 is 1.2 kohms and the recommend value for C4 is 470 picofarads.
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7. DATALINKLAYER

The SCI Data Link Layer is responsible for transferring data between the SCI Physical Layer and the Message Application
Layer. The SCI Data Link Layer defines the data frame elements, format, length, inter-frame timing, and error handling
conditions.

7.1 Data Frame Definition

Asynchronous data transmission implies that each data frame shall be transmitted individually. This section defines the
grouping of data bits that comprise an SCI data frame. A data frame is defined as one complete transmission of

information delineated by the start of frame (start bit) and end of frame (stop bit) identifiers. These start and stop bits
define the boundaries of a single data frame for the receiver to properly interpret.

7.1.1  Length and Format
The data frame size

parity). The format o

shall be defined as ten (10) bits in length (i.e., one start bit, eight data ‘bits, and
f the data frame shall be defined as follows:

one stop bit with no

a. One (1) Start Bitt One start bit with logic “0” (low) for one bit time duration. The(start bit is defingd as the first binary
element transmifted in the asynchronous transmission of a data frame. It is used to uniquely identify the beginning of
a data frame trapsmission to synchronize the receiver to an active session.

b. Eight (8) Data Bits: Eight data bits transmitted from Least Significant.Bit (LSB) to Most Significant|Bit (MSB). The data
bits comprise th¢ byte or character value contained in the data frame‘bounded by the start and stgp bits.

c. One (1) Stop Bif: One stop bit with logic “1” (high) for one bittime duration. The stop bit is defingd as the last binary
element transmifted in the asynchronous transmission of a.data frame. It is used to uniquely idenify the end of a data
frame transmiss|on to return the receiver to an idle condition.

d. No Parity Bit: N¢ parity bit in the default data frame. Therefore, no parity checking is available in|the transmitted data
frame.

Figure 8 illustrates this pattern:

< Data Frame >
«f{3~———— DataBts —>
Start«.(['SB) (msB) Stop
Bif bO b1 b2 b3 b4 b5 b6 b7  Bit
Logic "1"
0 1 0 0 1 0 1 1 0 1
Logic "0"
TFime ’

Figure 8 - This example depicts the data frame
transmission of character $69
7.2 Inter-Frame Timing
An SCI receiver shall be capable of receiving 255 consecutive data frames with zero (0) inter-frame delay. Inter-frame
delay is defined as the time between the end of one data frame and the start of the next data frame. Zero inter-frame
delay implies that data is being transferred as fast as the data rate allows. If a diagnostic tester cannot receive a stream of

255 consecutive data frames with zero (0) inter-frame delay, then a slower data rate should be negotiated between the
diagnostic tester and the ECU.
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Although the SCI communication link is a full-duplex serial interface, in some communication sessions a half-duplex mode
is required. Half-duplex mode implies that the SCI communication system is capable of bi-directional communications but
only in one direction at a time. In the half-duplex mode, every data frame sent by the diagnostic tester is “echoed” by the
ECU. The tester shall not send the next data frame until receiving the expected echo from the ECU. Upon receiving the
echo, the tester shall assume the ECU is ready for the next sequential data frame. Although the ECU shall echo the
appropriate data frame as intended, this shall not imply that the command sequence has been fully serviced by the ECU.
An additional delay time may be required by the ECU for processing the request before a command sequence has been
completed. This half-duplex mode allows the timing sequence to be completely managed by the diagnostic tester. This
strategy prevents data frame overruns from occurring, but also effectively limits the data throughput. That is, the
diagnostic tester shall wait for the echoed response character before sending the next request. This is illustrated in
Figure 9:

Half-duplex mode
Mesdage Request & Acknowledgement Sequence

Tester SCI Tx

Tester Request Tester Request
Send Data 'X1' Send Data 'X2'
»i »
- Ll
T2

_ " Message Respdgnse
Tester SCI Rx

ECU Ack'mt ECU Ack'mt ECU Response ECU Response
Echo Data 'X1' Echo Data 'X2' Send Data 'Y1' Send Data 'Y2'
> > — —>
. T1 T1 T3 T4 T4
Time

Figure 9 - Two-frame message request/acknowledgement sequence with a
two-frame messageé response during a diagnostic session

After a request has|been sent by the tester,.the next request can not be started until after T4 hag expired (or T3 has
expired if there is no|response from the ECUY).
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