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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROGRAMMABLE CONTROLLERS -

Part 9: Single-drop digital communication interface
for small sensors and actuators (SDCI)

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

IEC 61131-9 has been prepared by subcommittee 65B: Measurement and control devices, of
IEC technical committee 65: Industrial-process measurement, control and automation. It is an
International Standard.

This second edition cancels and replaces the first edition published in 2013. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:
a) requirements for Port Class B have been refined;

b) best practice patterns for Data Storage (backup of Device parameters) and Device reset
functions have been introduced;

c) a new Standardized Master Interface (SMI) for PLC, IT, and an engineering tool access
have been added.
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The text of this International Standard is based on the following documents:

Draft Report on voting

65B/1218/FDIS 65B/1219/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts in the IEC 61131 series, published under the general title Programmable
controllers, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside™ logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

0.1 General

IEC 61131-9 is part of a series of standards on programmable controllers and the associated
peripherals and should be read in conjunction with the other parts of the series.

Where a conflict exists between this and other IEC standards (except basic safety standards),
the provisions of this document should be considered to govern in the area of programmable
controllers and their associated peripherals.

The increased use of micro-controllers embedded in low-cost sensors and actuators has
provided opportunities for adding diagnosis and configuration data to support increasing
application requirements.

The driving force for the SDCI (I0-Link™ 1) technology is the need of these low-cost sensors
and actuators to exchange this diagnosis and configuration data with a controller (PC or PLC)
using a low-cost, digital communication technology while maintaining backward compatibility
with the current DI/DO signals.

In fieldbus concepts, the SDCI technology defines a generic interface for connecting sensors
and actuators to a Master unit, which can be combined with gateway capabilities to become a
fieldbus remote 1/O node.

Any SDCI compliant Device can be attached to any available interface Port of the Master. SDCI
compliant Devices perform physical to digital conversion in the Device, and then communicate
the result directly in a standard format using "coded switching" of the 24 V I/O signalling line,
thus removing the need for different DI, DO, Al, AO modules and a variety of cables.

Physical topology is point-to-point from each Device to the Master using three wires over
distances up to 20 m. The SDCI physical interface is backward compatible with the usual
24 V 1/0 signalling specified in IEC 61131-2. Transmission rates of 4,8 kbit/s, 38,4 kbit/s and
230,4 kbit/s are supported.

The Master of the SDCI interface detects, identifies, and manages Devices plugged into its
Ports.

Tools allow the association of Devices with their corresponding electronic I/O Device Des-
criptions (I0DD) and their subsequent configuration to match the application requirements.

The SDCI technology specifies three different levels of diagnostic capabilities: for immediate
response by automated needs during the production phase, for medium term response by
operator intervention, or for longer term commissioning and maintenance via extended
diagnosis information.

The structure of this document is described in 4.8.

Conformity with IEC 61131-9 cannot be claimed unless the requirements of Annex H are met.

T 1O-Link™ is a trade name of the "IO-Link Community". This information is given for the convenience of users of

this document and does not constitute an endorsement by IEC of the trade name holder or any of its products.
Compliance with this document does not require use of the registered logos for 10-Link™. Use of egist
logos for 10-Link™ requires permission of the "IO-Link Community". ﬁé&ifments
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Terms of general use are defined in IEC 61131-1 or in the IEC 60050 series [1]2. More specific
terms are defined in this document.

0.2 Patent declaration

The International Electrotechnical Commission (IEC) draws attention to the fact that it is claimed
that compliance with this document may involve the use of a patent. IEC takes no position
concerning the evidence, validity, and scope of this patent right.

The holder of this patent right has assured IEC that s/he is willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world.
In this respect, the statement of the holder of this patent right is registered with IEC. Information
may be obtained from the patent database available at http://patents.iec.ch.

Attention is drawn to the possibility that some of the elements of this document may be the
subject of patent rights other than those in the patent database. IEC shall not be held
responsible for identifying any or all such patent rights.

2 Numbers in square brackets refer to the Bibliography. Documents
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PROGRAMMABLE CONTROLLERS -

Part 9: Single-drop digital communication interface
for small sensors and actuators (SDCI)

1 Scope

This part of IEC 61131 specifies a single-drop digital communication interface technology for
small sensors and actuators SDCI (commonly known as 10-Link™3), which extends the
traditional digital input and digital output interfaces as defined in IEC 61131-2 towards a point-
to-point communication link for the exchange of complex data in both directions. This techno-
logy also enables the transfer of parameters to Devices and the delivery of identification and
diagnostic information from the Devices to the automation system.

This technology is mainly intended for use with simple sensors and actuators in factory
automation, which include small and cost-effective microcontrollers.

This document specifies the SDCI communication services and protocol (physical layer, data
link layer and application layer in accordance with the ISO/OSI reference model) for both SDCI
Masters and Devices.

This document also includes EMC test requirements.

This document does not cover communication interfaces or systems incorporating multiple point
or multiple drop linkages, or integration of SDCI into higher level systems such as fieldbuses.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60664 (all parts), Insulation coordination for equipment within low-voltage supply systems

IEC 60947-5-2, Low-voltage switchgear and controlgear — Part 5-2: Control circuit devices and
switching elements — Proximity switches

IEC 61000-4-2, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement
techniques — Electrostatic discharge immunity test

IEC 61000-4-3, Electromagnetic compatibility (EMC) — Part 4-3 : Testing and measurement
techniques — Radiated, radio-frequency, electromagnetic field immunity test

IEC 61000-4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement
techniques — Electrical fast transient/burst immunity test

3 |O-Link™ is a trade name of the "lO-Link Community". This information is given for the convenience of users of

this document and does not constitute an endorsement by IEC of the trade name holder or any of its products.
Compliance with this document does not require use of the registered logos for I0-Link™. Use of egist
logos for 10-Link™ requires permission of the "IO-Link Community". ﬁé&iﬁﬁents
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IEC 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement
techniques — Surge immunity test

IEC 61000-4-6, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement
techniques — Immunity to conducted disturbances, induced by radio-frequency fields

IEC 61000-4-11, Electromagnetic compatibility (EMC) — Part 4-11: Testing and measurement
techniques — Voltage dips, short interruptions and voltage variations immunity tests for
equipment with input current up to 16 A per phase

IEC 61000-6-2, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards — Immunity
standard for industrial environments

IEC 61000-6-4, Electromagnetic compatibility (EMC) — Part 6-4: Generic standards — Emission
standard for industrial environments

IEC 61076-2-101, Connectors for electronic equipment — Product requirements — Part 2-101:
Circular connectors — Detail specification for M12 connectors with screw-locking

IEC 61010-2-201, Safety requirements for electrical equipment for measurement, control, and
laboratory use — Part 2-201: Particular requirements for control equipment

IEC 61131-1, Programmable controllers — Part 1: General information

IEC 61131-2, Industrial-process measurement and control — Programmable controllers — Part 2:
Equipment requirements and tests

3 Terms, definitions, symbols, abbreviated terms, and conventions

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61131-1 and
IEC 61131-2 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.11

address

part of the M-sequence control to reference data within data categories of a communication
channel

3.1.2

application layer

AL

<SDCI> part of the protocol responsible for the transmission of Process Data objects and On-
request Data objects

3.1.3
Block Parameter
consistent parameter access via multiple Indices or Subindices
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3.1.4

checksum

<SDCI> complementary part of the overall data integrity measures in the data link layer in
addition to the UART parity bit

3.1.5

CHKPDU

integrity protection data within an ISDU communication channel generated through XOR
processing the octets of a request or response

3.1.6
coded switching
SDCI communication, based on the standard binary signal levels of IEC 61131-2

3.1.7
COM1
SDCI communication mode with transmission rate of 4,8 kbit/s

3.1.8
CcCOoM2
SDCI communication mode with transmission rate of 38,4 kbit/s

3.1.9
COoM3
SDCI communication mode with transmission rate of 230,4 kbit/s

3.1.10
COMx
one out of three possible SDCI communication modes COM1, COM2, or COM3

3.1.11
communication channel
logical connection between Master and Device

Note 1 to entry: Four communication channels are defined: process channel, page and ISDU channel (for
parameters), and diagnosis channel.

3.1.12
communication error
unexpected disturbance of the SDCI transmission protocol

3.1.13

cycle time

time to transmit an M-sequence between a Master and its Device including the following idle
time

3.1.14
Device
single passive peer to a Master such as a sensor or actuator

Note 1 to entry: Uppercase "Device" is used for SDCI equipment, while lowercase "device" is used in a generic
manner.

3.1.15

Direct Parameter

directly (page) addressed parameter transferred acyclically via the page communication
channel without acknowledgment
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3.1.16

dynamic parameter

part of a Device's parameter set defined by on-board user interfaces such as teach-in buttons
or control panels in addition to the static parameters

3.1.17
Event
instance of a change of conditions in a Device

Note 1 to entry: Uppercase "Event" is used for SDCI Events, while lowercase "event" is used in a generic manner.

Note 2 to entry: An Event is indicated via the Event flag within the Device's status cyclic information, then acyclic
transfer of Event data (typically diagnosis information) is conveyed through the diagnosis communication channel.

3.1.18
fallback
transition of a Port from coded switching to switching signal mode

3.1.19
inspection level
degree of verification for the Device identity

3.1.20

interleave

segmented cyclic data exchange for Process Data with more than 2 octets through subsequent
cycles

3.1.21

Indexed Service Data Unit

ISDU

data unit used for acyclic acknowledged transmission of parameters that can be segmented in
a number of M-sequences

3.1.22
legacy Device
Device designed in accordance with [8]

3.1.23
legacy Master
Master designed in accordance with [8]

3.1.24
M-sequence
sequence of two messages comprising a Master message and its subsequent Device message

3.1.25

M-sequence control

first octet in a Master message indicating the read/write operation, the type of the
communication channel, and the address, for example offset or flow control

3.1.26
M-sequence error
unexpected or wrong message content, or no response

3.1.27
M-sequence type
one particular M-sequence format out of a set of specified M-sequence formats
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3.1.28

Master

active peer connected through Ports to one up to n Devices and which provides an interface to
the gateway to the upper-level communication systems or PLCs

Note 1 to entry: Uppercase "Master" is used for SDCI equipment, while lowercase "master" is used in a generic
manner.

3.1.29

message

<SDCI> sequence of UART frames transferred either from a Master to its Device or vice versa
following the rules of the SDCI protocol

3.1.30

On-request Data

oD

acyclically transmitted data upon request of the Master application consisting of parameters or
Event data

3.1.31

physical layer

first layer of the ISO-OSI reference model, which provides the mechanical, electrical, functional
and procedural means to activate, maintain, and de-activate physical connections for bit
transmission between data-link entities

Note 1 to entry: The physical layer also provides means for wake-up and fallback procedures.

[SOURCE: ISO/IEC 7498-1:1994 [5], 7.7.2, modified — Text extracted from 7.7.2, Note 1 to entry
added]

3.1.32
Port
communication medium interface of the Master to one Device

3.1.33

Process Data

PD

input or output values from or to a discrete or continuous automation process cyclically
transferred with high priority and in a configured schedule automatically between Master and
Device

3.1.34

Process Data cycle

complete transfer of all Process Data from or to an individual Device that can comprise several
cycles in case of segmentation (interleave)

3.1.35
single parameter
independent parameter access via one single Index or Subindex

3.1.36

SIo

Port operation mode in accordance with digital input and output defined in IEC 61131-2 that is
established after power-up or fallback or unsuccessful communication attempts

3.1.37
static parameter
part of a Device's parameter set to be saved in a Master for the case of replacement without
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3.1.38

switching signal

binary signal from or to a Device when in SIO mode (as opposed to the "coded switching" SDCI
communication)

3.1.39

System Management

SM

<SDCI> means to control and coordinate the internal communication layers and the exceptions
within the Master and its Ports, and within each Device

3.1.40

UART frame

<SDCI> bit sequence starting with a start bit, followed by eight bits carrying a data octet,
followed by an even parity bit and ending with one stop bit

3.1.41
wake-up
procedure for causing a Device to change its mode from SIO to SDCI

3.1.42

wake-up request

WURQ

physical layer service used by the Master to initiate wake-up of a Device, and put it in a receive
ready state

3.2 Symbols and abbreviated terms

AfDTRM permissible deviation from data transfer rate (measured in %)

AVS power supply ripple (measured in V)

AL application layer

BEP bit error probability

c/Q connection for communication (C) or switching (Q) signal (SIO)

CL s effective total cable capacity (measured in nF)

cO input capacity at C/Q connection (measured in nF)

DI digital input

DL data link layer

DO digital output

/DR data transfer rate (measured in bit/s)

H/L high/low signal at receiver output

/O input/output

ILL input load current at input C/Q to V0 (measured in A)

IODD IO Device Description (see 10.9)

IP24y, extra DC supply current for Devices

10 driver current in saturated operating status ON (measured in A)

IQH driver current on high-side driver in saturated operating status ON
(measured in A)

10L driver current on low-side driver in saturated operating status ON
(measured in A)

IQPK maximum driver current in unsaturated operating status ON (measured in A)
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maximum driver current on high-side driver in unsaturated operating status ON
(measured in A)

maximum driver current on low-side driver in unsaturated operating status ON
(measured in A)

quiescent current at input C/Q to V0 with inactive output drivers (measured in
A)

amplitude of Master’s wake-up request current (measured in A)
supply current at V+ (measured in A)

current pulse supply capability at '+ (measured in A)

light emitting diode

power supply (-)

power supply (+)

24 V extra power supply (-)

non-return to zero

wake-up retry count

driver’'s ON/OFF switching signal
On-request Data

signal overload detect

24 V extra power supply (+)
Process Data

Port and Device configuration tool
physical layer

programmable logic controller
power supply (measured in V)
power-up charge consumption

time to reach a stable level with reference to the beginning of the start bit
(measured in TgT)

loop resistance of cable (measured in Q)

time to exit a stable level with reference to the beginning of the start bit
(measured in TgT)

single-drop digital communication interface

standard input output (digital switching mode) [IEC 61131-2]
system management

standardized Master interface

UART frame transfer delay on Master (measured in Tz 1)

UART frame transfer delay on Device (measured in Tg 1)

response delay on Device (measured in TgT)

bit time (measured in s)

cycle time on M-sequence level (measured in s)

fall time (measured in s)

delay time while establishing Master Port communication (measured in Tg 1)

rise time (measured in s)
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Tpsio

Towu
tM-sequence
lidle

Iy

VD+_
VDO,
VDO,

VHYS
VI
VIH
VIL
VP24,
VRO
VROH
VROL

VTH
VTHH
VTHL
WURQ

delay time on Device for transition to SIO mode following wake-up request
(measured in s)

wake-up retry delay (measured in s)

M-sequence duration (measured in Tg7)

idle time between two M-sequences (measured in s)
detection time for high level (measured in s)

detection time for low level (measured in s)

noise suppression time (measured in s)

wake-up readiness following power ON (measured in s)
receive enable (measured in s)

device detect time (measured in s)

pulse duration of wake-up request (measured in s)

universal asynchronous receiver transmitter

Unified Modelling Language [ISO/IEC 19505 series]
voltage at L+

voltage at L-

voltage drop on the line between the L+ connections on Master and Device
(measured in V)

voltage drop on the line between the L- connections on Master and Device
(measured in V)

voltage drop on the line between the C/Q connections on Master and Device
(measured in V)

hysteresis of receiver threshold voltage (measured in V)

input voltage at connection C/Q with reference to V0 (measured in V)
input voltage range at connection C/Q for high signal (measured in V)
input voltage range at connection C/Q for low signal (measured in V)
extra DC supply voltage for Devices

residual voltage on driver in saturated operating status ON (measured in V)
residual voltage on high-side driver in operating status ON (measured in V)
lres{ilt)jual voltage on low-side driver in saturated operating status ON (measured
in

threshold voltage of receiver with reference to V0 (measured in V)

threshold voltage of receiver for safe detection of a high signal (measured in V)
threshold voltage of receiver for safe detection of a low signal (measured in V)
wake-up request pulse

3.3 Conventions

3.3.1 General

The service model, service primitives, and the diagrams shown in this document are entirely
abstract descriptions. The implementation of the services may reflect individual issues and may

be different.
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3.3.2 Service parameters

Service primitives are used to represent service provider/consumer interactions
(ISO/IEC 10731 [18]). They convey parameters which indicate the information available in the
provider/consumer interaction. In any particular interface, not each and every parameter needs
to be explicitly stated.

The service specification in this document uses a tabular format to describe the component
parameters of the service primitives. The parameters which apply to each group of service
primitives are set out in tables. Each table consists of up to five columns:

1) parameter name,

2) request primitive (.req),

3) indication primitive (.ind),

4) response primitive (.rsp), and

5) confirmation primitive (.cnf).

One parameter (or component of it) is listed in each row of each table. Under the appropriate
service primitive columns, a code is used to specify the type of usage of the parameter on the
primitive specified in the column.

M Parameter is mandatory for the primitive.

U Parameter is a user option and can or cannot be provided depending on dynamic usage of
the service user. When not provided a default value for the parameter is assumed.

C Parameter is conditional upon other parameters or upon the environment of the service user.
— Parameter is never present.

S Parameter is a selected item.
Some entries are further qualified by items in brackets. These can be:

a) a parameter-specific constraint "(=)" indicates that the parameter is semantically equiva-
lent to the parameter in the service primitive to its immediate left in the table,

b) an indication that some note applies to the entry "(n)" indicates that the following note "n"
contains additional information related to the parameter and its use.

3.3.3 Service procedures
The procedures are defined in terms of:

— the interactions between application entities through the exchange of protocol data units,
and

— theinteractions between a communication layer service provider and a communication layer
service consumer in the same system through the invocation of service primitives.

These procedures are applicable to instances of communication between systems which
support time-constrained communications services within the communication layers.

3.34 Service attributes

The nature of the different (Master and Device) services is characterized by attributes. All
services are defined from the view of the affected layer towards the layer above.

| Initiator of a service (towards the layer above)
R Receiver (responder) of a service (from the layer above)
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3.3.5 Figures

— 33 -

For figures that show the structure and services of protocol layers, the following conventions

are used:

— an arrow with just a service name represents both a request and the corresponding
confirmation, with the request being in the direction of the arrow,

— arequest without confirmation, as well as all indications and responses are labelled as such

(i.e. service.req, service.ind, service.rsp).

Figure 1 shows the example of a confirmed service.

Initiator

Service.req
—

Service.cnf
— e

Responder

~ -, Service.ind

Service.rsp
q——

IEC

Figure 1 — Example of a confirmed service

3.3.6 Tables

Some tables in this document show highlighted areas (gray) to increase the information content
(structure) and to indicate reserved or special content.

3.3.7 Transmission octet order

Figure 2 shows how word based data types are transferred from memory to transmission
medium and vice versa (i.e. most significant octet transmitted first, see 7.3.3.2 and 7.3.6.1).

"Big endian” «——

Depending on the architecture
of the microcontroller in use

— "Little endian"

Memory

n+1 LSO Dttt
addresses | MsO |*-- -0

A 4

mso n+1 | Memory
addresses

LSO n

A 4

Key

MSO = Most significant octet
LSO = Least significant octet

Transmission time

IEC

Figure 2 — Memory storage and transmission order for WORD based data types

3.3.8 Behavioral descriptions

For the behavioral descriptions, the notations of UML 2 (ISO/IEC 19505 series [19]) are used
(e.g. state, sequence, activity, timing diagrams, guard conditions).

State diagrams are the primary source for implementations whereas sequence charts illustrate
certain use cases. Characteristics of state diagrams are

— triggers or events coming from external requests ("calls") or internal changes such as

timeouts,

— [guard(s)] as Boolean expressions for exits of states,

Full document details: IEC 61131-9-2022
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— numbered transitions describing actions in addition to the triggers within separate state-
transition tables.

The layout of these tables follows IEC TR 62390 [14].

In this document, the concept of "nested states" with superstates and substates is used as
shown in the example of Figure 3.

ConventionSample_0

- Superstate

E 7 -7
Default_entry/
n A1 4»@ X_4
> _

Termination
Y

- Substates 0 G Ay ]

/ Tn+1

Event2[Guard2]/
Tn+2

IEC
Figure 3 — Example of a nested state

UML 2 allows hierarchies of states with superstates and substates. The highest superstate
represents the entire state machine.

This concept allows for simplified modelling since the content of superstates can be moved to
a separate drawing. An eyeglasses icon usually represents this content.

Compared to "flat" state machines, a particular set of rules shall be observed for "nested states":
a) A transition to the edge of a superstate (e.g. Default_entry) implies transition to the initial
substate (e.g. A_1).

b) Transition to a termination state inside a superstate implies a transition without event and
guard to a state outside (e.g.X_4). The superstate will become inactive.

c) A transition from any of the substates (e.g. A_1, B_2, or C_3) to a state outside (Y_5) can
take place whenever Event1 occurs and Guard1 is true. This is helpful in case of common
errors within the substates. The superstate will become inactive.

d) A transition from a particular substate (e.g. C_3) to a state outside (Z_6) can take place
whenever Event2 occurs and Guard2 is true. The superstate will become inactive.

Owing to UML design tool restrictions the following exceptions apply.

For state diagrams, a service parameter (in capital letters) is attached to the service name via
an underscore character, such as for example in DL_SetMode INACTIVE.

For sequence diagrams, the service primitive is attached via an underscore character instead
of a dot, and the service parameter is added in parenthesis, such as for example in
DL_Event_ind (OPERATE).

Timing constraints are labelled "tm(time in ms)".

Asynchronously received service calls are not modelled in detail within state diagrams.
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4 Overview of SDCI (10-Link™)

4.1 Purpose of technology

Figure 4 shows the basic concept of SDCI.

Pin | Signal | Definition Standard
1 L+ 24V IEC 61131-2
2 1/Q Not connected, DI, or IEC 61131-2

DO
48/384/2304kbit/s | 3 | L- ov IEC 61131-2
4 Q "Switching signal" IEC 61131-2
U uuu (S10)
c "Coded switching" IEC 61131-9
Pin layout: IEC 60947-5-2 (COM1, COM2, COM3)

IEC
Figure 4 — SDCI compatibility with IEC 61131-2

The single-drop digital communication interface technology for small sensors and actuators
SDCI (commonly known as |0-Link™) defines a migration path from the existing digital input
and digital output interfaces for switching 24 V Devices as defined in IEC 61131-2 towards a
point-to-point communication link. Thus, for example, digital 1/O modules in existing fieldbus
peripherals can be replaced by SDCI Master modules providing both classic DI/DO interfaces
and SDCI. Analog transmission technology can be replaced by SDCI combining its robustness,
parameterization, and diagnostic features with the saving of digital/analog and analog/digital
conversion efforts.

4.2 Positioning within the automation hierarchy

Figure 5 shows the domain of the SDCI technology within the automation hierarchy.

PLC / Host
_____ 5 @ Parameter
Fieldbus controller [ﬁ 7] server
Fieldbus il - I ______ Q
integration = T - g @/
Fieldbus interface ! Engineering:
________________ g configuration,
s - 7 parameterization,
- Gateway application —. 1 7] diagnosis,
Data identification and
v storage maintenance
Port 1/ \ Port 2 Portn \
SDCI \ '
Device Device Device
Application Application Application
~  Device
description
' 4

IEC

Figure 5 — Domain of the SDCI technology within the automation hierarchy
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The SDCI technology defines a generic interface for connecting sensors and actuators to a
Master unit, which can be combined with gateway capabilities to become a fieldbus remote 1/0
node.

Starting point for the design of SDCI is the classic 24 V digital input (DI) defined in IEC 61131-2
and output interface (DO) specified in Table 6. Thus, SDCI offers connectivity of classic 24 V
sensors ("switching signals") as a default operational mode. Additional connectivity is provided
for actuators when a Port has been configured into "single-drop communication mode".

Many sensors and actuators nowadays are already equipped with microcontrollers offering a
UART interface that can be extended by addition of a few hardware components and protocol
software to support SDCI communication. This second operational mode uses "coded
switching" of the 24 V 1/0 signalling line. Once activated, the SDCI mode supports
parameterization, cyclic data exchange, diagnosis reporting, identification and maintenance
information, and external parameter storage for Device backup and fast reload of replacement
devices. Sensors and actuators with SDCI capability are referred to as "Devices" in this
document. To improve start-up performance these Devices usually provide non-volatile storage
for parameters.

NOTE Configuration and parameterization of Devices is supported through an XML-based device description
(see [6]), which is not part of this document.

4.3 Wiring, connectors and power
The default connection (Port Class A) comprises four pins (see Figure 4). The default wiring for

Port Class A complies with IEC 60947-5-2 and uses only three wires for 24 V, 0 V, and a signal
line. The fourth wire may be used as an additional signal line complying with IEC 61131-2.

Five pins connections (Port Class B) are specified for Devices requiring additional power from
an independant 24 V power supply.

NOTE A Port Class A Device using the fourth wire is not compatible with a Port Class B Master.

Maximum length of cables is 20 m, shielding is not required.

4.4 Communication features of SDCI

The generic Device model is shown in Figure 6 and explained in this subclause.
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Process data

Parameters and
commands

Event memory
(diagnosis)

IEC
Figure 6 — Generic Device model for SDCI (Master's view)

A Device can receive Process Data (out) to control a discrete or continuous automation process
or send Process Data (in) representing its current state or measurement values. The Device
usually provides parameters enabling the user to configure its functions to satisfy particular
needs. To support this case a large parameter space is defined with access via an Index
(0 to 65 535; with a predefined organization) and a Subindex (0 to 255).

The first two index entries 0 and 1 are reserved for the Direct Parameter pages 1 and 2 with a
maximum of 16 octets each. Parameter page 1 is mainly dedicated to Master commands such
as Device startup and fallback, retrieval of Device specific operational and identification
information. Parameter page 2 allows for a maximum of 16 octets of Device specific parameters.

The other Indices (2 to 65 535) each allow access to one record having a maximum size of 232
octets. Subindex 0 specifies transmission of the complete record addressed by the Index; other
subindices specify transfer of selected data items within the record.

Within a record, individual data items can start on any bit offset, and their length can range from
1 bit to 232 octets, but the total number of data items in the record cannot exceed 255. The
organization of data items within a record is specified in the 10 Device Description (IODD).

All changes of Device condition that require reporting or intervention are stored within an Event
memory before transmission. An Event flag is then set in the cyclic data exchange to indicate
the existence of an Event.

Communication between a Master and a Device is point-to-point and is based on the principle
of a Master first sending a request message and then a Device sending a response message
(see Figure 38). Both messages together are called an M-sequence. Several M-sequence types
are defined to support user requirements for data transmission (see Figure 39).

Data of various categories are transmitted through separate communication channels within the
data link layer, as shown in Figure 7.
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Nature of data Data categories Communication Transmission
channel type
/ Input, Output \
Operation Process ———» Cyclic (default)

™~ Valid, Invalid ——

Direct Parameter N
/ (Page 1 or 2) Page

Configuration/
maintenance \

Parameter L 5

(Index >1) SR \

On-request (acyclic)
/ srrors \

Events ——> Warnings ) Diagnosis

\A Notifications /

Figure 7 — Relationship between nature of data and transmission types

IEC

— Operational data such as Device inputs and outputs is transmitted through a process
channel using cyclic transfer. Operational data can also be associated with qualifiers such
as valid/invalid.

— Configuration and maintenance parameters are transmitted using acyclic transfers. A page
channel is provided for direct access to parameter pages 1 and 2, and an ISDU channel is
used for accessing additional parameters and commands.

— Device Events are transmitted using acyclic transfers through a diagnosis channel. Device
Events are reported using three severity levels, error, warning, and notification.

The first octet of a Master message controls the data transfer direction (read/write) and the type
of communication channel.

Figure 8 shows each Port of a Master has its own data link layer which interfaces to a common
master application layer. Within the application layer, the services of the data link layer are
translated into actions on Process Data objects (input/output), On-request Data objects
(read/write), and events. Master applications include a Configuration Manager (CM), Data
Storage (DS) mechanism, Diagnosis Unit (DU), On-request Data Exchange (ODE), and a
Process Data Exchange (PDE).

System Management checks identification of the connected Devices and adjusts Ports and
Devices to match the chosen configuration and the properties of the connected Devices. It
controls the state machines in the application (AL) and data link layers (DL), for example at
start-up.

Documents

Document Sharing Hub

Full document details: IEC 61131-9-2022


http://www.avadocuments.com/doc/iec-61131-9-2022
http://www.avadocuments.com/doc/iec-61131-9-2022

IEC 61131-9:2022 © |EC 2022 -39 -

Master applications

=

@

£ .

% Read Write Events Input Application
é Output layer (AL)
% On-request Data objects Process Data objects
I3 Data link
w DL DL DL |ayer (DL)

Port Port Port Physical
layer (PL)
Acyclic Cyclic
communication communication
channels channel
(on-request) (process data)

< DL

£

% On-request Data objects Process Data objects

o

g Read Write Events Input

5 out

2 utput

>

()

Device technology
IEC

Figure 8 — Object transfer at the application layer level (AL)

4.5 Role of a Master

A Master accommodates 1 to n Ports and their associated data link layers. During start-up it
changes the Ports to the user-selected Port modes, which can be DEACTIVATED,
IOL_MANUAL, IOL_AUTOSTART, DI_C/Q, or DO_C/Q. If communication is requested, the
Master uses a special wake-up current pulse to initiate communication with the Device. The
Master then auto-adjusts the transmission rate to COM1, COM2, or COM3 (see Table 9) and
checks the "personality" of the connected Device, i.e. its VendorID, DevicelD, and
communication properties.

If there is a mismatch between the Device parameters and the stored parameter set within the
Master, the parameters in the Device are overwritten (see 11.4) or the stored parameters within
the Master are updated depending on the configuration.

The Master is responsible for the assembling and disassembling of all data from or to the
Devices (see Clause 11).

The Master provides a Data Storage area of at least 2 048 octets per Device for backup of
Device data (see 11.4). The Master may combine this Device data together with all other
relevant data for its own operation and make this data available for higher level applications for
Master backup purpose or recipe control (see 13.4.2).
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4.6 SDCI configuration

Engineering support for a Master is usually provided by a Port and Device Configuration Tool
(PDCT). The PDCT configures both Port properties and Device properties (see parameters
shown in Figure 6). It combines both an interpreter of the 1/0 Device Description (IODD) and a
configurator (see Clause 13). The I0ODD provides all the necessary properties to establish
communication and the necessary parameters and their boundaries to establish the desired
function of a sensor or actuator. The PDCT also supports the compilation of the Process Data
for propagation on the fieldbus and vice versa.

4.7 Mapping to fieldbuses and/or other upper-level systems

Specifications for integration of Masters into upper-level systems such as a fieldbus system,
i.e. the definition of gateway functions for exchanging data with upper-level entities, is out of
the scope of this document. However, it is mandatory for all functions of this document to be
made available to the users by a particular integration according to the capability level of the
upper-level system technology except for those functions that are declared explicitly as
optional.

EXAMPLE These functions include mapping of the Process Data exchange, realization of program-controlled
parameterization or a remote parameter server, or the propagation of diagnosis information.

The integration of a PDCT into engineering tools of a particular fieldbus or other upper-level
system is out of the scope of this document.

4.8 Standard structure

Figure 9 shows the logical structure of the Master and Device. Clause 5 specifies the Physical
Layer (PL) of SDCI, Clause 6 specifies details of the SIO mode. Clause 7 specifies Data Link
Layer (DL) services, protocol, wake-up, M-sequences, and the DL layer handlers. Clause 8
specifies the services and the protocol of the Application Layer (AL) and Clause 9 the System
Management (SM) responsibilities.

Master Device
SMI Technology

CM DS ODE DU PDE PM | DS | ED |PDE

AL AL
SM DL DL DL SIo SM DL SIO

PL PL PL PL

f f
Medium

IEC
Figure 9 — Logical structure of Master and Device

Clause 10 specifies Device applications and features. These include Process Data Exchange
(PDE), Parameter Management (PM), Data Storage (DS), and Event Dispatcher (ED).
Technology specific Device applications are not part of this document. They may be specified
in profiles for particular Device families.

Clause 11 specifies Master applications and features. These include Process Data Exchange
(PDE), On-request Data Exchange (ODE), Configuration Management (CM), Data Storage (DS)
and Diagnosis Unit (DU). A Standardized Master Interface (SMI) ensures uniform behavior via
specified services and allows for usage of one PDCT (Master tool) for different Master brands.

Clause 12 provides a holistic best practice view on Data Storage behavior of both Baster and

Device. ocuments
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Clause 13 outlines integration aspects of SDCI into various automation and IT realms.

Several normative and informative annexes are included. Annex A defines the available M-
sequence types. Annex B describes the parameters of the Direct Parameter page and the fixed
Device parameters. Annex C lists the error types in case of acyclic transmissions and Annex D
the EventCodes (diagnosis information of Devices). Annex E specifies the coding of argument
blocks for the SMI services. Annex F specifies the available basic and composite data types.
Annex G defines the structure of Data Storage objects. Annex H deals with conformity and
electromagnetic compatibility test requirements and Annex | provides graphs of residual error
probabilities, demonstrating the level of SDCI's data integrity. The informative Annex J provides
an example of the sequence of acyclic data transmissions. The informative Annex K explains
two recommended methods for detecting parameter changes in the context of Data Storage.

5 Physical Layer (PL)

5.1 General
5.1.1 Basics

The 3-wire connection system of SDCI is based on the specifications in IEC 60947-5-2. The
three lines are used as follows: (L+) for the 24 V power supply, (L-) for the ground line, and
(C/Q) for the switching signal (Q) or SDCI communication (C), as shown in Figure 10.

L+

c/Q
Master
L-

IEC

Figure 10 — Three wire connection system

NOTE 1 Binary sensors compliant with IEC 60947-5-2 are compatible with the SDCI 3-wire connection system
(including from a power consumption point of view).

Support of the SDCI 3-wire connection system is mandatory for the Master. Ports with this
characteristic are called Port Class A.

Port Class A uses a four-pin connector. The fourth wire may be used as an additional signal
line complying with IEC 61131-2. Its support is optional in both Masters and Devices.

Five wire connections (Port Class B) are specified for Devices requiring additional power from
an independant 24 V power supply (see 5.5.1).

NOTE 2 A Port Class A Device using the fourth wire is not compatible with a Port Class B Master.
5.1.2 Topology

The SDCI system topology uses point-to-point links between a Master and its Devices as shown
in Figure 11. The Master can have multiple Ports for the connection of Devices. Only one Device
shall be connected to each Port.
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Master
Ports 1 2 3 n
SDCI links

Devices
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Figure 11 — Topology of SDCI

5.2 Physical layer services
5.2.1 Overview

Figure 12 shows an overview of the Master's physical layer and its service primitives.

System Management Data Link Layer

i i
Master ! '
Port x handler DL-mode handler Message handler sIo NG/ !
DI/DO| 1DI/DO!
L. 15

PL-SetMode.req PL-WakeUp.req PL-Transfer.req PL-Transfer.ind : :
-L_d_-
. [} (]
.. Modeswitch b e B I
1 1 1 1
Inactive : Wake-up Coded switching 1 Switching signal | Option;
1 1 1 1
Physical Layer (port) E E

Medium

IEC
Figure 12 — Physical layer (Master)

The physical layer specifies the operation of the C/Q line in Figure 4 and the associated line
driver (transmitter) and receiver of a particular Port. The Master operates this line in three main
modes (see Figure 12): inactive, "Switching signal" (DI/DO), or "Coded switching" (COMXx). The
service PL-SetMode.req is responsible for switching into one of these modes.

If the Port is in inactive mode, the C/Q line shall be high impedance (floating). In SIO mode, the
Port can be used as a standard input or output interface according to the definitions of
IEC 61131-2 or in Table 6 respectively. The communication layers of SDCI are bypassed as
shown in Figure 12; the signals are directly processed within the Master application. In SDCI
mode, the service PL_WakeUp.req creates a special signal pattern (current pulse) that can be
detected by an SDCI enabled Device connected to this Port (see 5.3.3.3).

Figure 13 shows an overview of the Device's physical layer and its service primitives.

The physical layer of a Device according to Figure 13 follows the same principle, except that
there is no inactive state. By default, at power on or cable reconnection, the Device shall
operate in the SIO mode, as a digital input (from a Master's point of view). The Device shall
always be able to detect a wake-up current pulse (wake-up request) except during a permanent
inactive state. The service PL_WakeUp.ind reports successful detection of the wake-up request
(usually a microcontroller interrupt), which is required for the Device to switch to the SDCI
mode.

A special MasterCommand (fallback) sent via SDCI causes the Device to switch (o)
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System Management
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Figure 13 — Physical layer (Device)
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Subsequently, those services are specified that are provided by the PL to System Management
and to the Data Link Layer (see Figure 85 and Figure 96 for a complete overview of all the
services). Table 1 lists the assignments of Master and Device to their roles as initiator or

receiver for the individual PL services.

Table 1 — Service assignments of Master and Device

Service name Master Device
PL-SetMode R R
PL-WakeUp R |
PL-Transfer I/R R/

Key (see 3.3.4)
| Initiator of service

R Receiver (Responder) of service

5.2.2 PL services

5.2.2.1 PL_SetMode

The PL-SetMode service is used to set up the electrical characteristics and configurations of

the Physical Layer. The parameters of the service primitives are listed in Table 2.

Table 2 — PL_SetMode

Parameter name

.req

Argument
TargetMode

==

Argument

The service-specific parameters of the service request are transmitted in the argument.
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TargetMode
This parameter indicates the requested operation mode

Permitted values:

INACTIVE (C/Q line in high impedance),

DI (C/Q line in digital input mode),
DO (C/Q line in digital output mode),
COM1 (C/Q line in COM1 mode),
COM2 (C/Q line in COM2 mode),
COM3 (C/Q line in COM3 mode).

5.2.2.2 PL_WakeUp
The PL-WakeUp service initiates or indicates a specific sequence which prepares the Physical
Layer to send and receive communication requests (see 5.3.3.3). This unconfirmed service has

no parameters. Its success can only be verified by a Master by attempting to communicate with
the Device. The service primitives are listed in Table 3.

Table 3 — PL_WakeUp

Parameter name .req .ind

<none>

5.2.2.3 PL_Transfer

The PL-Transfer service is used to exchange the SDCI data between Data Link Layer and
Physical Layer. The parameters of the service primitives are listed in Table 4.

Table 4 — PL_Transfer

Parameter name .req ind.
Argument
Data M M
Result (+) S
Result (-) S
Status M

Argument
The service-specific parameters of the service request are transmitted in the argument.

Data
This parameter contains the data value which is transferred over the SDCI interface.
Permitted values: 0...255.

Result (+):

This selection parameter indicates that the service request has been executed successfully.
Result (-):
This selection parameter indicates that the service request failed.

Status
This parameter contains supplementary information on the transfer status.
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Permitted values:

PARITY_ERROR (UART detected a parity error),
FRAMING_ERROR (invalid UART stop bit detected),
OVERRUN (octet collision within the UART).

5.3 Transmitter/Receiver
5.3.1 Description method

The physical layer is specified by means of electrical and timing requirements. Electrical
requirements specify signal levels and currents separately for Master and Device in the form of
reference schematics. Timing requirements specify the signal transmission process (specifically
the receiver) and a special signal detection function.

5.3.2 Electrical requirements
5.3.21 General

The line driver is specified by a reference schematic diagram corresponding to Figure 14. On
the Master side, a transmitter comprises a combination of two line drivers and one current sink.
On the Device side, in its simplest form, the transmitter takes the form of a p-switching driver.
As an option there can be an additional n-switching or non-switching driver (this also allows the
option of push-pull output operation).

In operating status ON the descriptive variables are the residual voltage VRQ, the standard
driver current /0, and the peak current IQPK. The source is controlled by the On/Off signal. An
overload current event is indicated at the “Overload” output (OVD). This feature can be used
for the current pulse detection (wake-up).

|
VRQ
Oon/ ___| 10
Off @ IOPK

Overload

IEC
Figure 14 — Line driver reference schematics

The receiver is specified by a reference schematic diagram according to Figure 15. It performs
the function of a comparator and is specified by its switching thresholds VTH and a hysteresis
VHYS between the switching thresholds. The output indicates the logic level (High or Low) at
the receiver input.

VI
H/L

VTH
VHYS

Vo
IEC

Figure 15 — Receiver reference schematics

Figure 16 shows the reference schematics for the interconnection of Master and Device for the
SDCI 3-wire connection system. Documents
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Optional: low-side driver (push-pull only)

Figure 16 — Reference schematics for SDCI 3-wire connection system

The subsequent illustrations and parameter tables refer to the voltage level definitions in
Figure 17. The parameter indices refer to the Master (M), Device (D) or line (L). The voltage
drops on the line VD+ , VDQ, and VDO are implicitely specified in 5.5 through cable

parameters.
Device Line Master
Vi
Vi VD+_ VROH,,
VROHp,
Vs Vs,
D VDO, M
VI
- VI
VROLp
A A ——————
Vg
Output Input . VDo, . VROLy I
VOy,
Input Output
IEC
Figure 17 — Voltage level definitions
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5.3.2.2 Receiver

The voltage range and switching threshold definitions are the same for Master and Device. The
definitions in Table 5 apply (see also 5.4.1).

Table 5 — Electrical characteristics of a receiver

Property Designation Minimum Typical Maximum Unit Remark
VTHHp \, Input threshold 'H' 10,5 n/a 13 \Y See NOTE 1
VTHLp Input threshold 'L’ 8 n/a 11,5 \Y See NOTE 1
VHYSy | Hysteresis between 0 n/a n/a \Y Shall not be negative
' input thresholds 'H'
and 'L See NOTE 2
VILp Permissible voltage Vo, 1-,0 n/a n/a \ With reference to
range 'L’ relevant negative
— supply voltage
VILy, Permissible voltage Vo n/a n/a \
range 'L’ See NOTE 3
VIH, Permissible voltage n/a n/a Vip + 1,0 \Y With reference to
range 'H' relevant positive supply
. voltage.
VIH,, Permissible voltage n/a n/a V+u \Y
range 'H' See NOTE 3
NOTE 1 Thresholds are compatible with the definitions of type 1 digital inputs in [IEC 61131-2.
NOTE 2 Hysteresis voltage VHYS = VTHH — VTHL.
NOTE 3 Owing to 5.4.1 the Master receiver signals Vi, are always within permitted supply ranges.

Figure 18 demonstrates the switching thresholds for the detection of Low and High signals.

Vipw T
V+
Voltage range
H
VIHH yax
VIHLyax
Threshold 'H' VTHH\N
Threshold 'L VIHLyin
Voltage range
L
Vo
IEC

Figure 18 — Switching thresholds

5.3.2.3 Master Port

The definitions in Table 6 are valid for the electrical characteristics of a Master Port.
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Table 6 — Electrical characteristics of a Master Port

Property Designation Minimum Typical Maximum Unit Remark
VSu Supply voltage for 20 24 30 \ See Figure 17
Devices
ISy Supply current for 200 n/a n/a mA See 5.4.1
Devices
ISIRy Current pulse 400 n/a n/a mA See Figure 19
capability for Devices
ILLy, Load or discharge
current for
OV <1, <5V 0 n/a 15 mA
5V <1, < 15V 5/2 n/a 15 mA See NOTE 1
13V <r, <30V 5 n/a 15 mA

VROH,, Residual voltage 'H' n/a n/a 3 \ Voltage drop relating to

v+
M
at maximum driver
current IQH,,

VROL,, Residual voltage 'L n/a n/a 3 \Y Voltage drop relating to
V0,, at maximum driver
current IQLy,

10H), DC driver current 'H' 100 n/a n/a mA

IQPKH), | Output peak current 500 n/a n/a mA Absolute value
'H' See NOTE 2
10Ly, DC driver current 'L’ 100 n/a n/a mA
10PKL,, Output peak current 500 n/a n/a mA Absolute value
‘L See NOTE 2
CO\m Input capacitance n/a n/a 1,0 nF /=0 MHz to 4 MHz

NOTE 1 A minimum current of 2 mA for DI mode is compatible with the definition of type 1 digital inputs in
IEC 61131-2. In communication mode, for the range 5V < Vi < 15V, the minimum current is 5 mA instead of 2 mA

in order to achieve short enough slew rates for pure p-switching Devices.

NOTE 2 Wake-up request current (5.3.3.3).

The Master shall provide a charge of 400 mA x 50 ms = 20 mAs within the first 50 ms after
power-on without any overload-shutdown. After 50 ms, the specific current limitation of the
Master or system applies.

ISy

Master can provide higher current values

ISRy in |

ISM min L .
Minimum current the Master shall provide
Unspecified

behavior

IEC
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Figure 19 — Inrush current and charge (example)
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