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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -
CONTROLLER-DEVICE INTERFACES (CDls) -

Part 2: Actuator sensor interface (AS-i)

FOREWORD

The Injternational Electrotechnical Commission (IEC) is a worldwide organization for standardization, c
all ndtional electrotechnical committees (IEC National Committees). The object of IEC is\to
internptional co-operation on all questions concerning standardization in the electrical and electronic
this ehd and in addition to other activities, IEC publishes International Standards, Technical Sped
Technjical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
Publidation(s)”). Their preparation is entrusted to technical committees; any IEC NationglCommittee

in thg subject dealt with may participate in this preparatory work. International, governmental

goverpmental organizations liaising with the IEC also participate in this preparatien.)IEC collaborat

pmprising
promote
fields. To
ifications,
as “IEC
nterested
and non-
bs closely

with the International Organization for Standardization (ISO) in accordance with/conditions detefmined by

agreenent between the two organizations.

The fdrmal decisions or agreements of IEC on technical matters express, as.nearly as possible, an int
consehsus of opinion on the relevant subjects since each technical committee has representatiof
interested IEC National Committees.

ublications have the form of recommendations for internatienal use and are accepted by IEQ
ittees in that sense. While all reasonable efforts are made.to ensure that the technical contd
tions is accurate, IEC cannot be held responsible for{the way in which they are used o
misinterpretation by any end user.

In order to promote international uniformity, IEC National* Committees undertake to apply IEC Pu
transparently to the maximum extent possible in their~national and regional publications. Any d
betwegn any IEC Publication and the corresponding national or regional publication shall be clearly in
the lafter.

IEC itpelf does not provide any attestation of\conformity. Independent certification bodies provide
assespment services and, in some areas, access to IEC marks of conformity. IEC is not responsib
services carried out by independent certification bodies.

All usgrs should ensure that they have(the latest edition of this publication.
No liapility shall attach to IEC or its)directors, employees, servants or agents including individual eX

es arising out of the“publication, use of, or reliance upon, this IEC Publication or any
Publidgations.

Attentjon is drawn to_the Normative references cited in this publication. Use of the referenced publi
indispensable for the correct application of this publication.

Attentjon is drawn to the possibility that some of the elements of this IEC Publication may be the
paten{ rightsSIEC shall not be held responsible for identifying any or all such patent rights.

Prnational
from all

National
nt of IEC
r for any

blications
vergence
dicated in

onformity

e for any

perts and
amage or
ees) and
bther |IEC

cations is

bubject of

Internatjonal’ Standard IEC 62026-2 has been prepared by subcommittee 17B: Low
switchgear and confrolgear, of TEC technical committee 17: Switchgear and controlgear.

Lvoltage

This second edition of IEC 62026-2 cancels and replaces the first edition published in 2000.
This second edition constitutes a technical revision.

The main changes with respect to the previous edition are listed below:

doubling the number of slaves from 31 to 62 by introduction of sub-addresses;

introduction of AS-I| safety system.

This bilingual version, published in 2009-11, corresponds to the English version.
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The text of this standard is based on the third edition and the following documents:

FDIS Report on voting
17B/1579/FDIS 17B/1584/RVD

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

The French version of this standard has not been voted upon.

This pu

A list off all parts in the IEC 62026 series, under the general title Low-voltage switchgear and
controlgear — Controller-device interfaces (CDls), can be found on the IEC website.

The co:]\mittee has decided that the contents of this publication will remain unchanged until the
maintenjance result date indicated on the IEC web site under “http://webstore.iec.ch” in the data
related o the specific publication. At this date, the publication will be

* recopfirmed;

* withdrawn;

» replaced by a revised edition, or
*+ amepded.
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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -
CONTROLLER-DEVICE INTERFACES (CDls) -

Part 2: Actuator sensor interface (AS-i)

1 Scope and object

This part of IEC 62026 specifies a method for communication between a single control device

and swi
the spe
interfac

This st4
switchg
method

Where
master,

The obj
and swi

- requ
elect

— requ

meeting this standard;

fching elements, and establishes a system for the interoperability of compone
cified communication interfaces. The complete system is called “Actuator
b (AS-i)”".

ndard describes a method for connecting switching elements, such as low
par and controlgear, standardized within IEC 60947, and controlling devic
may also be applied for connecting other devices and elementis.

nputs and outputs I/O are described in this standard, their meaning is regar
the meaning regarding the application is the opposite,

ect of this standard is to specify the following requirements for control circuit
ching elements:

rements for a transmission system and fortinterfaces between a slave, a ma
romechanical structures;

rements for a complete interoperability of different devices within any networ

- requ

— nhor
— cons

— tests

2 Normative references

proilles of this standard;

rements for an interchangeahility of devices within a network, when fulfil

al service conditions for'the slaves, electromechanical devices and master;
ructional and perfornmance requirements;

to verify conformahce to requirements.

The foll
For dat

of the rgferenced document (including any amendments) applies.

pwing“referenced documents are indispensable for the application of this do
d«eferences, only the edition cited applies. For undated references, the lates

nts with
Sensor

tvoltage
es. The

ding the

devices

ster and

k, when

ing the

cument.
[ edition

IEC 60068-2-6:1995, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

IEC 60068-2-27:1987, Environmental testing — Part 2-27: Tests — Test Ea and guidance:

Shock

IEC 60204-1:2005, Safety of machinery — Electrical equipment of machines — Part 1: General
requirements

IEC 60227-2:1997, Polyvinyl chloride insulated cables of rated voltages up to and including
450/750 V — Part 2: Test methods
Amendment 1 (2003)

IEC 602

28:2004, Conductors of insulated cables
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IEC 60304:1982, Standard colours for insulation for low-frequency cables and wires

IEC 60352-6:1997, Solderless connections — Part 6: Insulation piercing connections — General
requirements, test methods and practical guidance

IEC 60364-4-41:2005, Low-voltage electrical installations — Part 4-41: Protection for safety —
Protection against electric shock

IEC 60529:1989, Degrees of protection provided by enclosures (IP code)
Amendment 1 (1999)

IEC 6094 7=12007,tow-voitage switchgear armd corntrofgear = Part t—Gernerat rufes

IEC 60947-4-1:2000, Low-voltage switchgear and controlgear — Part 4-1: Contactprs and
motor-starters — Electromechanical contactors and motor-starters
Amendment 1 (2002)
Amendment 2 (2005)

IEC 60947-4-2:1999, Low-voltage switchgear and controlgear - Rart 4-2: Contactprs and
motor-sfarters — AC semiconductor motor controllers and starters
Amendment 1 (2001)
Amendment 2 (2006)

IEC 60947-5-2:1997, Low-voltage switchgear and .controlgear — Part 5-2: Contro] circuit

devices|and switching elements — Proximity switches
Amendment 1 (1999)
Amendment 2 (2003)

IEC 61000-4-2:1995 Electromagnetic compatibility (EMC) - Part 4-2: Testing and
measurément techniques — Electrostatjc discharge immunity test
Amendment 1 (1998)
Amendment 2 (2000)

IEC 61(000-4-3:2006, Electromagnetic compatibility (EMC) - Part 4-3: Testing and
measurément techniques-—Radiated, radio-frequency, electromagnetic field immunity test

IEC 61(000-4-4:2004 \\ Electromagnetic compatibility (EMC) - Part 4-4: Testing and
measurément techiniques — Electrical fast transient/burst immunity test

IEC 611[31-2:2007, Programmable controllers — Part 2: Equipment requirements and tgsts

IEC 6114072001, Protectiom against efectric strock = Conmmornr aspects for instattation and
equipment
Amendment 1 (2004)

IEC 61508 (all parts), Functional safety of electrical/electronic/programmable electronic
safety-related systems

IEC 61800-2:1998, Adjustable speed electrical power drive systems — Part 2: General
requirements — Rating specifications for low-voltage adjustable frequency a.c. power drive
systems

IEC/TS 61915:2003, Low-voltage switchgear and controlgear — Principles for the development
of device profiles for networked industrial devices
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IEC 62026-1:2007, Low-voltage switchgear and controlgear — Controller-device interfaces
(CDIs) — Part 1: General rules

CISPR 11:2003, Industrial, scientific and medical (ISM) radio-frequency equipment -—
Electromagnetic disturbance characteristics — Limits and methods of measurement
Amendment 1 (2004)

Amendment 2 (2006)

3 Terms, definitions, symbols and abbreviations

For the purposes of this document, the terms, definitions, symbols and abbreviations given in

IEC 62026-1=as wettas the foltowingappty-

3.1 Terms and definitions

Alphabdtical index of definitions

Regference

A

ACHVE S[laVe .o 311

Actuatof Sensor interface (AS-i) ..cooooiiiiiiiiii AT ...3.1.2

AAreST .o S ...3.1.3

Addresd assignment ... S ....3.1.4

Analogye input data image (AIDI) ... T e ....3.1.5

Analogye output data image (AODI).......ccooviviieii e DN ....3.1.6

AS i CYBIE oo N s 3T

AS-TINPIUL. . ....3.1.8

AS- i lING .. @ ...3.1.9

S T T 4 =3 = ..3.1.10

AS-i NEIWOTK e e .3.1.11

AS-i OUIPUL. . N ..3.1.12

F NS R o Yo =T U] o] o | TP ..3.1.13

AAS T SIANE ot N e ..3.1.14
B

Bit time|(effeCtiVe) .. it T ..3.1.15
C

Configufation data (CD) (. . e e e ..3.1.16

Configuration data image (CDI).....ccuiiniiii e .3.1.17

ControIIEr ...................................................................................................................... ..3.1.18

(7o T (o] 1] YT o] 1= =T L= oS ..3.1.19
D

Data exXPhange Phase . ... e ..3.1.20

Decoupling“circuit .3.1.21

Dt CHiON PRASE .. et 3.1.22
E

Earth fault deteCtor ... e 3.1.23

EXECULION CONIOl ... e e 3.1.24

Extended addresSing MOGE . .. ... 3.1.25
F

FIEld dEVICES ..oviitiii e 3.1.26
I

1/0 configuration (I/O COAE).....ouiiiii e 3.1.27

Identification Code (ID COUER) . ..uniinii e 3.1.28

Input data image (ID]) ... e 3.1.29
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L

List of activated s1aves (LAS ). ... e 3.1.30

List of detected S1aves (LDS) ... 3.1.31

List of peripheral faults (LPF ... e 3.1.32

List of projected slaves (LPS) ... 3.1.33
M

Y= TS = PRSPPI 3.1.34

=TSy (=T o F= LU == 3.1.35

= T3 =Tl =T U= P 3.1.36
N

Non-volptiTe stored dala. ... e ] ..3.1.37
O

OperatiQn addreSS .. ..o e ..3.1.38

Output gurrent limit ... AV ..3.1.39

Output data image (ODI)......oveiiiiiiiei e ) T ..3.1.40
P

Paramefer image (Pl)......coooiiiiiiiiieeeee s e 3.1.41

Pofault. e e 3.1.42
R

RePeatr. . ... N N e ...3.1.43
S

SeleCt Hit oo R ..3.1.44

SenNd PAUSE ..oeiviiiiii e ..3.1.45

S AV L e A ..3.1.46

S AV PRAUSE .ot ettt aaa ..3.1.47

SlaVE FBSPONSE ..ot AN ..3.1.48

SYMMELNIZING CIFCUIL. ..o ettt et et et e e e e e e e e e e e ens ..3.1.49
T

I = 5= U 14 o o PPN 3.1.50

Transm{SSION CONTIOL. ... et e e 3.1.51
\Y

Volatile[stored data.... o s ..3.1.52
4

A= o J= T | o 1= =TS U ..3.1.53

311

active slave
slave connected to the AS-i line and capable to communicate properly

3.1.2

Actuator Sensor interface (AS-i)
set of interfaces and serial communication method for the connection of low-voltage
switchgear and controlgear, and other simple field devices with a controller
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3.1.3

address

numerical parameter out of the address space of the AS-i slaves which specifies a node of an
AS-i network

NOTE Address 0 is reserved for slaves which have not had an address assigned.

3.14
address assignment
replacement of the existing address of the AS-i slave with a new address

3.1.5

Analoglie Input Data Image (AIDI) ;L

input dgta stored in the master, containing the latest actual copies of the received\data from
the inpUdts of all active slaves using combined transactions type 1 to 5

3.1.6
Analogtie Output Data Image (AODI)
output data stored in the master to be transmitted cyclically to the active slaves with|outputs
using cgmbined transactions types 1 to 5

3.1.7
AS-i cygle
set of up to 33 transactions

NOTE 1 |A cycle may, in case of a detected communication failure; include one message retransmission.

NOTE 2 |In the case of extended addressing mode, two_cycles will be needed for data transfer of all s|aves that
are in extended addressing mode.

3.1.8
AS-i input
physica| or logical slave port providing:an input from the process

3.1.9
AS-i ling
two-wirg line for transferring\information and power to the AS-i slaves and the AS-i makter

3.1.10
AS-i m3ster
unit on the AS-idlige that manages the communication between the slaves and the confroller

3.1.11
AS-i nefwork
network composed of an AS-i control circuit, interfaces and switching elements, for example
master, slaves, power supply, cable, taps, repeaters

3.1.12
AS-i output
physical or logical slave port providing an output to the process

3.1.13

AS-i power supply

special power supply combining a d.c. supply and a symmetrizing and decoupling circuit
needed in an AS-i network
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AS-i slave
physical and logical means to connect the application devices (actuator, sensor, or other
components) to the AS-i line

NOTE A slave may be a stand alone device or part of another device.

3.1.15

bit time

TBit

duration of the transmission of one bit

3.1.16
config
value o
codes)

3.1.17

configuration data image (CDI)
image of the configuration data of all slaves, stored in the AS-i master

3.1.18
control
host or

compute¢r, a gateway, or a human operator

3.1.19
control
logical i

3.1.20
data ex

period ¢f time during which the .master sends output data to the slaves and receiv

data fro

3.1.21

decoup|
part of
transmi

3.1.22
detecti

period qf\time when the execution control of the master tries to find all slaves conneg

ration data (CD)

bf a specific slave

er
operator of the master, for example a programmable logic controller, a g

er interface
hterface between the master and the controller

change phase
M the slaves
ling circuit

the AS-i power supply for decoupling the d.c. source and the physig
bsion within the AS-i network

nphase

f the 1/0 configuration and the identification code (optional extended‘identification

ersonal

Bs input

al data

ted and

operating

NOTE A

3.1.23

Il slaves found are listed in the list of detected slaves (LDS).

earth-fault detector
special insulation monitoring device compatible with the requirements of the AS-i transmission
system which allows to detect the asymmetrical deterioration of the insulation between the
AS-i network and ground

3.1.24
executi

on control

master function that controls the message exchange and provides several functions to the
controller interface
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3.1.25

extended addressing mode

doubles the maximum number of slaves from 31 (addresses in the range of 1 to 31) to 62
(addresses in the range of 1A/1B to 31A/31B)

3.1.26

field devices

items connected to the AS-i slave, for example actuators, sensors, push-buttons, indicator
lights, etc.

NOTE ‘intelligent" field devices also include integrated AS-i circuitry.

3.1.27
1/0-configuration (I/0O-code)
set of fqur bits which defines the direction of data flow at the slave 1/0 ports

3.1.28
identification code (ID-code)
set of four bits which defines the type of slave for a given I/O«configuration (gptional:
extended ID-codes consisting of additional 2x4bits)

3.1.29
input data image (IDI)
input dgta stored in the master, received from the slaves

3.1.30
list of 1ctive slaves (LAS)
list of gl slaves at the AS-i line that are activated and capable of communicating properly
with the[master

NOTE The list is available in the master.

3.1.31
list of detected slaves (LDS)
list of all slaves actually detectéd,by the master

NOTE Thpe list is available in the-master.

3.1.32
list of geripheral faults (LPF)
list of all slaves with peripheral fault bit set to “1”

NOTE The list is available in the master.

3.1.33
list of projected slaves (LPS)
list of all configured slaves of the interface system as the target configuration

NOTE The list is available in the master and it includes the configuration data (CD) of all configured slaves.

3.1.34
master
control unit on the AS-i line that communicates serially with the slaves

3.1.35

master pause

time between the last bit of a master request and the first bit of the slave response, measured at
the master ports
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3.1.36
master request
data or parameter or function sent from the master to a single slave (exception: broadcast)

NOTE The content of this master request is either data (to be moved to the output ports of the slave), parameters
or a command

3.1.37
non-volatile stored data
data that remains unchanged after power interruption

3.1.38
operatipn-address
addressg| of the AS-i slave other than the zero address

3.1.39
output turrent limit
Iim
output ¢urrent of the power supply not to be exceeded under all_environmental ajnd load
conditions

3.1.40
output fata image
ODI
output data stored in the master to be transferred to the)AS-i slaves

3.1.41
paramefter image
Pl
paramefers (sets of 4 bits) that define the-functionality of all the different slaves in the AS-i
networkl

3.1.42
p-fault
appliange in a slave for signalling peripheral faults to the master

NOTE Irl case of a peripherdl fault and a "Read_Status_Request" of the master the slave response will be "1" in
S1 bit.

3.1.43
repeater
device that regenerates the AS-i signal and provides galvanic separation between paris of the
AS-i nefwork_so that network lengths of more than 100 m are possible

3.1.44

select bit

bit in the master request used in extended address mode to distinguish between the A-slave
and B-slave

3.1.45
send pause
period after receipt of the slave response during which no subsequent transmission occurs

3.1.46

slave

network device or part of another device that provides an interface to the AS-i line and
communicates with the master
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3.1.47

slave pause
time between the last bit of a slave response and the start of sending the first bit of the next

master

3.1.48

request, measured at the master ports

slave response
message from the slave to the master after a master request has been received and
processed without error

NOTE The content of this response is either data or the result of a command.

3.1.49

symmetrizing circuit

part of the AS-i power supply for conditioning the physical data transmission within
network

3.1.50

transagtion

(single)

NOTE Dijstinction is made between a single transaction, as defined above, and’combined transactions

types. Th
in a well-

3.1.51
transm
master

in case| of failures (e.g. transmission failures{@missing response from the slave,
response received, etc.)

3.1.52

volatile| stored data
data thgt may change following power interruption

3.1.53

zero address

special

3.2 Symbols and abbreviations

AIDI
AODI
APF
APM
APO
AS-i
ASI+
ASI-
CB
CD
CDI
EB
IDI

/

e

comprises a master request and a slave response within the master pause

b latter are combined of a series of several single transactions in,which the information content
efined way.

ssion control
unction that controls the data transmission, transmission pauses and retransr

bddress reserved for the online assignment of a new address to an AS-i slave

Analogué Input Data Image
Analogue Output Data Image
A\S<i/power failure

he AS-i

pf various
is related

nissions
invalid

Alternating pulse modulation

AS-i power ON

Actuator Sensor Interface

positive potential of the AS-i network
negative potential of the AS-i network
control bit

configuration data

configuration data image

end bit

input data image

rated current of AS-i power supply
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lim current limit of AS-i power supply

LAS list of active slaves

LDS list of detected slaves

LPF list of slaves that signal peripheral fault condition

LPS list of projected slaves
MAN Manchester Il code

oD

output data image

PB parity bit

PCD
PI
PP
PSK
SEL

00Hex
00g;,

permanent configuration data

barameter image
bermanent parameter
bhase shift keying
Belect Bit used for extended addressing
Start bit
bit time
ransaction status
nexadecimal representation of values, for exampel AF 5o, = 31, Fye, = 15

pinary representation of values, for example 1100y, = 12, 0110p,;, = 6

4 Clagsification

4.1 Ov

The Act
automa
elemen
constru

erview

ator Sensor Interface system will'be applied mainly at the lowest level of a m
ion hierarchy. AS-i concentrates on the typical requirements for connectin

with a controlling device~Thus, AS-i meets the requirements in machinery a
ttion, where real-time~processing, cost effective design, installation, oqg

maintenfance, and service are.esSential.

AS-i ca

be used as,an’interface physically integrated into actuators, sensors,

devices| and elements—themselves, opening an option for "intelligent" binary ag
sensors|, or other.devices and elements. AS-i may, as well, be used in separate fnodules
providing an interface for typically four conventional actuators, sensors or other devi

elemen

already“available on the market.

To conrecithis variety of actuators, sensors, or other devices and elements with a co

Iti-level

binary
nd plant
erating,

br other
tuators,

ces and

ntrolling

device,

AS-i I1Is embedded in a structure of two different units which present three in

as shown in Figure 1.

erfaces

Logically, the AS-i system is a master-slave communication system composed of a single
master and up to 31 (62 with extended addressing) slaves. The master sends data and
parameters to a specific slave. The slave passes the data to the output ports or processes the
requested procedure (e.g. Reset Slave) and returns the input data or the result of the
successful processed procedure to the master, respectively.
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)

To fieldbus/other networks

)

Controller

AS-i master

AS-i slave

Interface D

Controller

) AS-i power
AS-i master supply

Interface C Interface E

AS-i line

@ Interface B Interface B

e

Interface B

Field |device AS-i slave "Intelligent"
circuitry field device
including slave
Interface A circuitry and field
Field device devices
e.g. actuators, sensors,
switches, etc.
Interface F> ( Interface F )
Auxiliary power supply
a) Logigal interfaces b)* Physical interfaces

IEQ| 1145/2000

Figure 1 — AS-i components and interfaces

The ASti concept is independent of the specific type of actuators, sensors, or other|devices
and elements. It defines the mechanisms and all the components for the communicafion with
a contrglling device and it offers €lectromechanical structures for a standardized "glug and
play teghnique" for installing very simply actuators, sensors, or other devices and elements

into an AS-i-network.

The anrlexes define slave-and master profiles of common types of actuators, sensors, [or other

devices|and elements, that will often be used in AS-i systems.

4.2 Components and interfaces

As shown in\Figure 1, the AS-i system comprises the following components and interfgces.

4.2.1 Components

AS-i slave

The unit that can be accessed by the master via the AS-i line for data
exchange, parametrization, and monitoring. The slave has a well-defined
logical and functional behaviour. It responds immediately with slave response
to a specific request from the master and it ensures that a malfunction of the
attached actuator, sensor or other device or of the slave itself will not disturb
the communication between the master and the other slaves in the network.

NOTE 1 The definition of an AS-i slave is logical in nature, but covers the physical requirements for data
transmission through the AS-i network, too. The concrete realization of a slave depends on the implementation; for
example a specific pinout of an integrated slave chip is not defined in this standard.

AS-i master

The unit that organizes and monitors the network and schedules the
exchange of data, parameters and commands with the AS-i slaves via the
AS-i line. The master has a well-defined logical and functional behaviour. It
sends master requests to the AS-i slaves and receives the immediate slave
responses from them.
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NOTE 2 The definition of an AS-i master is mainly logical in nature but covers the physical requirements on data
transmission through the AS-i network, too. The concrete realization of a master depends on its implementation.
The 'Master Profiles' in Annex B define minimal sets of functions and commands of different master types.

AS-i power supply Provides power to the AS-i network and includes the decoupling circuitry.

AS-i repeater The unit that regenerates the AS-i signal and provides galvanic separation
between parts of the AS-i network so that network lengths of more than 100 m
are possible.

AS-i line Provides the signalling and d.c. power connections between the AS-i devices.

4.2.2 Logical interfaces

Interface 1 The slave interface to connect the AS-i slave with the actuators, sensors, or
other devices and elements. It is characterized by several ports, which define
the input, output or bi-directional input/output behaviour ©ahd the
parametrization behaviour of the AS-i slave, the timing of the signals, |and the
power supply for actuators, sensors, or other devices and elemeénts.

NOTE 1 |interface 1 is only a concept. The concrete representation of the interface depends main]y on the
implementation. Only by the more restrictive slave profiles given in Annex A it is defined to6 some further extent.

Interfage 2 The interface that provides all logical, physical, and mechanical requirements
for data exchange and power distribution. It comprises signalling of ¢ncoded
information, the AS-i transactions, mechanical and-electrical requirenments on
the network and the AS-i power supply.

NOTE 2 [Interface 2 is concrete in nature. It comprises the bus struCture. The requirements of interface 2 are
defined inl this standard to ensure the interoperability of all components.

Interfade 3 The interface between the controller_and the AS-i master that proyides all
functions used by the controller to\access the AS-i master for sending and
receiving data to and from slaves;, sending a cyclical command to a slave, to
set or to obtain flags and valugs for several lists in the master. This interface
allows the controller to manage the master's behaviour and thus the
behaviour of the AS-i :system. Supported functions are classicglly "set
something" in the master;*"get some information" from the master.

NOTE 3 [Interface 3 is only a concepti.The concrete representation of the interface dependg on the
implementation. To a large extent, it depends on features of the specific controller system.

4.2.3 Physical interfaces

Interfage A Defines~the physical connection between the field device 4nd the
AS-i slave circuitry including physical interface, signal levels and power
requirements if any.

Interfage B Defines the physical connection of the AS-i slave circuitry to the AS-i line
including physical interface (mechanical/electrical), signal characterisfics and
power requirements.

Interfage.C Defines the physical connection of the AS-i master circuitry to the AS-i line
including physical interface (mechanical/electrical), signal characteristics and
power requirements.

Interface D Definition of the physical interface is outside of the scope of this standard
and shall be provided by the manufacturer.

Interface E Defines the physical connection of the AS-i power supply including the signal
decoupling circuit, to the AS-i line.

Interface F Defines the physical interface between the field device and an external
auxiliary power supply if any.
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5 Characteristics

5.1 Overview

The AS-i system defines digital, serial, multidrop data communication of a master with
actuators and sensors or other devices including a power supply. Data and energy are
transmitted on the same 2-wire cable.

The AS-i system is designed for protection class Ill (PELV) according to IEC 61140 (see 8.2).
Therefore all components shall meet the corresponding requirements.

The AS-i transmission system provides the communication between up to 62 AS-i slaves and
a singlel AS-i master, i.e. it represents the interface 2 between a master and the slayes (see
Figure 1). The AS-i master shall call the individual slaves and get their\ responses
immediately.

Subclayses 5.2 to 5.4 define the physical requirements and 5.5 to 5.7 theAogical requifements
of this transmission system (messages to be exchanged).

Additiorjal requirements specific for the transmission medium (8.1), for the power supdly (8.2),
for the fepeater and other components (8.3), for the slave (8.4)<and for the master (B.5) are
defined|in the subclauses below.

5.2 Signal characteristics

The chdracteristics of the transmitted signal and the modulation are defined in this subclause.

5.2.1 Transmission coding

Bit sequence
to be transmitted 0 0 1 1

Bit sequence
MANCHESTER=
coded

Transmitting 60
current mA
0

U, +2V

— Transmitter —

Signal on U /\ /\ /\
B VARV VA

Negative ] ] ]
pulses

Positive
pulses |_| H |—|

Reconstructed
bit sequence 0 0 1 1

— Receiver —

Figure 2 — Transmission coding

NOTE Because the information signal is superimposed on a d.c. supply voltage, a modulation must be employed
that does not contain a d.c. voltage part. The transmission is asynchronous. To simplify synchronization of the
slave a serially embedded synchronization information in the data signal flow is provided.
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All messages are encoded in Manchester Il format. Each message includes a start and an end
bit. The idle state is represented by a "1". A "0" is encoded by a half bit time with high level
followed by a half bit time of low level. A "1" is encoded by a half bit time of low level followed
by a half bit time of high level.

The modulation shall be realized by the alternating pulse modulation (APM) with a sin2 signal
wave form. The rising edge of the Manchester Il format shall be represented as a positive and
the falling edge as a negative pulse.

The transmission encoding and decoding is shown in Figure 2.

5.2.2 Transfer speed

The bit fime (Tg;;) is defined as 6 ps. Thus, the bit sequence frequency shall be 1663 [kBit/s.

5.2.3 Transmitter requirements

The trapsmitter in both the master and the slave shall be implemented,as"a current s|nk. The
current [signal is superimposed on the d.c. voltage of the AS-i network? A falling edgg of the
Manchefster Il coded signal shall cause a current of

, t 1 . ( 2¢%
ilt)=1 * ———sin| ——t
(6)=sepe [3;13 2n (3;13 D

A rising|edge shall cause a current of

()= loohy #| 11—+ ——sin| -2%_¢
3us 2n 3us

The amplitude /g4 Of the modulation current shall be between 55 mA and 68 mA.

The makimum deviation from the nominal bit time shall be less or equal to £ 0,1 % for the
master and + 0,2 % for the.slave.

5.2.4 Receiver requirements

Togethdr with the<decoupling inductances of the decoupling circuit in the power sugply, the
send cyrrent waveform as defined in 5.2.3 will lead to a negative (positive) voltage pulse at
each rising (falling) edge. The waveform of the pulses will be ideally

. .2 2w
u(t) = *Ugeng * sin (G—HStJ

with Ugeng =const =2V

NOTE 1 In a real AS-i System, the declining edge of the pulses is flattened due to the characteristics of the
decoupling circuit. In addition, amplitudes and waveform will be influenced by the physical properties of the AS-i
line. The receivers therefore must be able to detect a more complex pulse spectrum.

The receiver shall be able to receive and decode a message as described below (see
Figure 3).

The maximum pulse amplitude U
peak.

max Of @ message may vary between 1,5V peak and 4V
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NOTE 2 The differences in the amplitude U,

configuration. Shown are the extreme values in different configurations and locations of the slave on the AS-i line.
In a constant configuration, the relation of U,,,,, between two slave responses at different locations of the line is up

to 1:1,5.

between consecutive Master requests will not vary in one

— The amplitude of a valid pulse within a message may vary from 65 % to 100 % of the

maximum amplitude U, 4-

NOTE 3 For slaves according to previous versions of this standard it may vary from 80 % to 100 %.

Valid pulses start in a time window from (n*3us)fgj%‘tfs in relation to the initial pulse

Uinhit-These pulses shall be accepted by the receiver.

Pulses ¢putside a window from (n*3us)i(1568ii shall not be accepted by the receiver.

Pulses (noise, ringing) of up to 30 % of U,,,4 shall not disturb the message(reception.

Umax
65 % Umax A
A 1,5V
A 4 ‘
+1 us
| | L g e
| | ’
| | | ] ] Time

Figure 3 — Receiver requirements

NOTE 4 |Pulse deviations from -0,8 ys up to +1,6 ys may occur due to a combination of different effects, for
example fapacitive load_on’ the AS-i line, deviations from the oscillator frequency in the transmitter gnd in the
receiver.

5.3 Power and data distribution

5.3.1 General

The simultaneous transmission of data and power on the AS-i line requires technical
provisions for decoupling data and power.

The AS-i power supply has to provide the d.c. power for the whole network. On the other
hand, it has to realise the conditioning of physical data transmission within the system. This
feature comprises symmetrization and forming and adapting transmission signals according to
the signal requirements defined in 5.2. The adapting circuit will furthermore be called
"decoupling circuit".

Although the functions of these components are independent, it is useful to combine them for
practical reasons.

The combination of a d.c. power supply, a symmetrization circuit and a decoupling circuit is
called "AS-i power supply".
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U+ ASI+
pr——
DC
Primary power ] Symmetri§ation Dec.oup.ling
supply circuit circuit
PELV
U-— ASI-
(PE)
GND
(screen)
—1__ L

Figure 4 — AS-i power supply

5.3.2 AS-i power supply requirements

The AS{i power supply requirements are shown in Table 1:

Table 1 — AS-i power supply specifications

Characteristic Specification
Output vpltage at ASI+/ASI- (over the whole load Upgt.529,5V d.c. to 31,6 V d.c.
range)
Rated oytput current lg as stated by the manufacturer
Additional current to meet charging processes for I3 =0,4 A (12,5 mA for each standard slave / 6|5 mA
connecting additional slaves during normal operation for each slave in extended addressing mode)
Current ljmit llim > le*la
Amplitude noise in the current range (meéasured at 50 mVpp within 10 kHz to 500 kHz (visible noise band
ASI+/AS|-) on oscilloscope)
Low freqgpency ripple (except overload) 300 mVpp in the frequency range of 0 kHz to 10 kHz
Power on delay < 2 s after reaching 5 V at output terminals

NOTE Arny regulatien<of input and load changes should not affect the communication on the AS-i line| the AS-i
transmissjon activity_should not affect the power supply. The total effect on the AS-i line should not ekceed the
value of 50 mVpp or 300 mVpp, respectively, see above.

5.3.3 $tart-up behaviour

Within 2 s after reaching 5 V the first time, the voltage level shall reach the maximum value of
the master starting voltage (26,5 V). The time span between the minimum master starting
voltage (22,5V -1V, see 8.5.2.1) and the min. AS-i voltage level (29,5 V) shall be less than
1 s. The voltage level has to increase steadily from 5 V up to normal operation voltage (29,5 V
to 31,6 V).

NOTE The second demand is important because the master begins to work if the voltage exceeds its starting
voltage of 22,5V + 1 V.

During start-up the power supply shall supply an increased current to meet the charging
process in the system. This additional load will be equal to a capacitance of 15 mF.

Beginning from a voltage level of 5V, the power supply shall give the rated output current /.
plus an additional current to load the above mentioned capacitance of 15 mF to meet the time
restrictions.
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5.3.4 Symmetrization and decoupling circuit

The symmetrization and decoupling circuit ensures several functions of the AS-i transmission
system:

— providing the d.c. power to the AS-i line;

— signal shaping;

— terminating impedance (for the physical line);

— symmetrizing the AS-i line with respect to GND;

— rejection of common mode noise.

The equivalent decoupling network consists of two inductances and two resistors as|well as
the symmetrizing capacitors C4 as shown in Figure 5.

R39Q%1%
—H Agl+
U+
| :
DC L 50 uH
Primary power =l
supply e Zout Z Zs
Cout R39Q%1 %
U- | | Agi-
(PE)
L 50 uH Z
=\ _ GND

Figure 5 — Equivalent schematic of symmetrization and decoupling circuit
The symmetry capacitors Cg shall’be located as close as possible to the decoupling circuit.
These dapacitances provide a symmetrical relation of ASI+/ASI- to ground. Equal valyes of at

least 100 nF are recommended.

Table 2 £ Symmetrization and decoupling circuit specifications

Characteristic Specification
Inductanfe between-ASI+/ASI- 100 pH £ 10 % (/=0 to I max)
Short cirguit / overload May be applied for infinite time without causing defects in the de¢oupling circuit
Symmetry of ASTF/=agamst GND 0,98 X [Z4TT1Z5T < 1,02

within the frequency range of 10 kHz to 300 kHz and the whole load range

Source impedance |Z,,,tl < 0,5 Q in the range of 10 kHz to 300 kHz

out

Decoupling impedance (Cg) |Zg| < 5 Q in the range above 300 kHz

5.4 AS-i topology and other components
5.4.1 AS-i line (minimum requirements)

The AS-i transmission medium can be any cable, shielded or non-shielded at which the
following characteristics shall be provided for the full operating range:

at a frequency of 167 kHz:
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R <90 mQ/m

C < 80 pF/m

Z 70 Q to 140 Q

G <5 uS/m

L 400 nH/m to 1 300 nH/m
t" < 8,3 ns/m

ommended cross-section is 2 x 1,5 mm?Z.

For short trunk lines without further branching cables with other specifications are tolerable, if

the d.c.

NOTE 1

voltage drop on these lines does not affect the function of the connected deyig

R4 L4

o e

—l—{

Figure 6 — Model of the AS-i transmission medium

The characteristic impedance Z of a transmission line is défined by its distributed constants R’,

and the frequency in use by the equation

The distri

R Ejol’
B> joC’

buted constants can be measured at an_glectrical short length of the transmission line with ope

respectivgly, shorted (R’, L") end. The additional limitations of Z and the propagation delay time t' rg
excluding| such combinations of distributed constants which would lead to unfavourable high or low valy
character|stic impedance.

NOTE 2

Any cable that meets the above mentioned data may be used as the AS-i line. Nevertheles

requiremgnts and tolerances of this, standard are intended to meet a total voltage drop (d.c.) along
transmissfjon medium of up to 3 AL\M is recommend to use a cross-section so that no higher voltage drop

If a cable
the comp

NOTE 3

is to be used as the(AS:i-line that does not meet the above-mentioned data, the total length of
lete network may bie affected.

The propagation‘delay of a signal on the AS-i line is defined by the equation

v i FC
()

eS.

h (G, C)
sult from
es of the

5, several
the AS-i
vill occur.
100 m for

and is typically 0,6 ps/100 m in one direction.

5.4.2 AS-i topology

The AS-i topology is the tree structure. The total length of the AS-i line shall not exceed

100 m.

This length shall be calculated as the sum of all trunk lines.

There shall be no connection to GND in the network apart from the port GND at the power

supply.

NOTE AS-i has been designed as a symmetrical system. The better the symmetry, the better the rejection of
undesirable emission of AS-i signal components as well as incidence of AS-i relevant noise, even if the system is
relatively large and distributed. This is important because the network is unshielded and may act as an antenna.
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During normal operation, a voltage drop between the power supply and any point of the
network of more than 3 V shall not occur unless a possibly higher voltage drop is specified in
the product documentation of a particular slave.

5.4.3 AS-i repeater

The total length of the AS-i line is restricted to 100 m. An AS-i repeater regenerates the AS-i
signal and provides galvanic separation between parts of the AS-i network so that network
lengths of more than 100 m are possible.

Because of timing restrictions, it is not allowed to connect more than two repeaters in series.
It is possible, however, to use several repeaters in parallel as long as they are connected to
differen{ branches of the tree structure of the network.

5.4.4 AS-i earth-fault detector

Accordipg to IEC 60204-1, earth faults on any control circuit shall not cause unintentional
starting] potentially hazardous motions or prevent stopping of the machine. To fulfil this
requirement, IEC 60204-1 indicates that control circuits that are (net connected| to the
protectiye bonding circuit shall be provided with an insulation maonitoring device that either
indicatep an earth fault or interrupts the circuit automatically aftep detecting an earth fgult.

If an AP-i network is used to control potentially dangerous movements of a machine and
IEC 60404-1 applies, an isolation monitoring device shall’be installed. If the AS-i nefwork is
composked of separate parts that are isolated from each)other, an insulation monitorin£ device
shall belused for each isolated part of the network.

The ingulation monitoring device used in AS< networks shall be compatible with the
requirements of the AS-i transmission system. Details are given in 8.3.2.

5.5 Communication
5.5.1 Communication principles

The ASti system is a master-slaye communication system composed of a single magter and
up to 31 (62 with extended addressing) slaves. Each slave shall have a unique addregs in the
range qf 1 to 31 (1A/1B-to 31A/31B with extended addressing). This address i$ called
operatign address. The ‘operation address shall be stored non-volatile. Only slaves [with an
operatign address shall-respond to data and parameter requests from the master.

The zerp addres$s)is used during the change of a slave address. Normally, the zero address is
stored Jolatilésexcept in factory new slaves. For details see 8.4.

A singletransaction is composed of a master request and a slave response A _combined

transaction is composed of several single transactions.

5.5.2 Transmission control

The exchange of data between the single master and up to 31 (62 with extended addressing)
slaves is implemented by the processing of transactions (see Figure 7). A transaction starts
with a master request. The master expects a slave response within a certain time. If the
master does not receive a valid response from the slave within this time, it shall interpret this
as a negative response. It may retransmit the master request once more. After receiving a
valid response, the master shall start the next transaction after the send pause has elapsed.
A slave shall not respond if it detects a faulty master request or if the master issues an
unsupported request. The slave shall not give any negative response.
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Master Slave Slave
Messages:
Transaction:

Master request Output data

Input data
Slave response

Transaction:

Master request Command

Command result

Slave response

Figure 7 — Transactions

5.5.3 Timing requirements

All timep specified in this paragraph are related to the signals on the AS~i\line at the |ocation
of the master terminals.

An example of how to measure the master pause is shown in Figure 9. Other pauses jshall be
measure¢d respectively. Both the master request and the slavesrésponse start with a|zero as
the firstl bit. Due to the Manchester Il format this start bit leads only to a negative|voltage
pulse in|the second half of the first bit time.

NOTE 1 Each receiver samples the voltage pulses with a certain_threshold value. Therefore, and due to|analogue
filters, thg start of the internal bit times may vary from those shown*in Figure 9.

NOTE 2 The “master pause” is controlled by the slave and’the “slave pause” is controlled by the master. These
names, although illogical, are maintained for historical reasons.

Transaction
Send pause

Master Slave

pause pause
Maste Sends Receives Send$

master request, slave response master request
" 2 )
v v v C R R B N N
[ ]
Slave Receives Sends 1 Recel|ves
master request slave response I master request

Time

\{

Figure 8 — Master and slave pause as viewed from master/slave point of view
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A transpction is split into two actions (master request and slave «esponse) and t
interval$ (master pause and send pause). A slave response time-out monitors a
absence of a slave response:

1.

Master request Slave response
6 us Master pause 6 us
14th bit of 1st bit of
master request slave response
Time
—_——p

Figure 9 — Representation of the master pause

Mastiter request: sending a message from the master,to_a single slave and exp

ivo time
possible

ecting a

response from the slave.

2. Mastler pause: During this time the slave processeés the requested function, prodyces the
respjonse data and starts within this time to send:the response to the master. If|a slave
respjonds to a master request, it shall start its fesponse within a period of 2 to 5 bit times
aften the end of a master request. The mastet’shall be able to accept the start offa slave
respjonse within a period of 12 to 63 us afterthe end of its request.

NOTE 3 For optimized noise suppression the AS-i‘'master receiver should be switched off during the magdter pause

for 21,5 bjt times.

3. Slave response: Sending the slave data or the command result to the master.

4. SlaVe pause: After receipt ofithe slave response there shall be a minimum periodl during
whigh a subsequent transmission shall not occur. The duration of this pause shall be 1,5
to 2|bit times. The slavetshall be able to accept the start of a master request after|a slave
pauge of 6 us.

5. Seng pause: After‘receipt of the slave response there shall be a minimum period during
whigh a subsegtient transmission does not occur. During normal operation the timg of this
pauge shall be‘one slave pause in case of more than 30 transactions per AS-i cycle. In the
casg of 30Nor less transactions per AS-i cycle the send pause may be prolonded to a
maxjmum ©of 500 ys; but in this case the AS-i cycle time shall not be longer thgn 5 ms,
inclyding management and inclusion phase.

6. Slave response time-out: In case of no response from the slave in a certain time interval
(the slave response time-out), the master shall end the transaction or repeat the
transmission. This time shall be 11 bit times %

— US

NOTE 4 This is with respect to propagation delay on the line and the possible use of repeaters.

The time-out timer shall be started at the end of the transmission of the master request.

NOTE 5 Within the slave response time-out the master expects the beginning of a response telegram from the
slave. After this time, the transmission function determines the absence of a slave response.

7. Delay time for repeater: The maximum delay time for a repeater shall be less than or

equal to 7 us for each direction.
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NOTE 6 The master pause has to be less than or equal to 63 ys (see slave response time out). In the case of two
repeaters in series, an asynchronous slave behind the second repeater and a propagation delay time of a 300 m
line of about 5 ys appears. The maximum delay time for one repeater is 7 ys for each direction. The delay time of
a repeater is to be measured as the time between a certain incoming voltage pulse to the respective outgoing

voltage p

NOTE 7

where n
including

affected Hy use of up to 62 slaves in extended addressing mode.

5.6 AS|i single transactions

5.6.1

Four singgle transaction types support data exchange, parametrization, network mang

and dia

same length of 14 bits (master) and 7 bits (slave), respectively:

ulse on the other line.

With presently available components, a stated AS-i cycle time shall be calculated as follows:
Ifn =33
n * Master request =n* (14Bit) =n* 84 us = 2772 us
+ n * Master pause =n* (3Bit) =n* 16 us (synchr. slave) = 528 us
+ n *Slave response = n* (7Bit) =n* 42 us = 1 386 us
+ n * Send pause =n* (2Bit) =n* 12 us (min.) = 396 us
= Tovele = n* (26 Bit) =n* 154 us (min.) = 5082 us

s the number of all AS-i requests during data exchange in the AS-i cycle and in the inglusj
bne repetition. In normal operation, n will be the number of activated slaves plus 2. This galeula

$ummary of transactions

jnostics. All master requests and all slave responses havésthe same structure

n phase,
ion is not

gement
and the

A mastgr may be able to issue all or some of the master requests listed in Tables 4 and 5 to
start a |transaction. Any slave shall be able to precéss and respond to all those| master
request$ with the possible exception of the Address. Assignment request and R1 request. (For
details gee Annex B, AS-i Master Profiles).

5.6.2 Definition of master requests

The follpwing types of master requests.are defined:

Data_Exchange Serves for delivering and/or receiving the bit pattern to/from t
output/input of the slave.

Write_H

Addresp_Assignment Sérves for assigning a non-volatile address (0...31 for §

add

zero| address.

Comm
rea

A summary-ofal-masterreguestsis—giveninTables 4-and 5-Al-otherpossiblecodes

essing mode',‘0,1A/1B,..31A/31B for extended addressing mode) to the slav

nds Serve for miscellaneous functions like reset, reading the configurati
ing the status of the slave.

he data

arameter Serves faor ‘delivering and/or receiving the bit pattern to/from the pgrameter
port$ of the slave.

tandard
e with a

bn, and

(not yet

used in this standard) are reserved and shall not be implemented by any master or slave

implem

5.6.3

entation used for AS-i networks.

Structure and semantics of the master requests

The requests sent by the master and received by the slave are composed of six elements as
follows:

Start bit Control bit | Address Information | Parity bit End bit
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The bits of a master request shall be as follows:

Startbit=0
Control bit
[sT]cB[aa]as]az]at{ac] a3z w0 |re]es]
« 5 Bit address - &« 5 Bit -
information
Parity bit
End bit=1

Figure 10 — Structure of a master request

Table 3 — Bit strings of the master requests

Bit ptring

Semantic

Comments

ST:

Start bit

Identifies the beginning of the master request always:*ST = 0

CB:

Control bit

Identifies the type of request in the information cefl;
0 = data/parameter transmission/address assignment;

1 = command transmission

A4..A0

Address (5 bit)

To address the listed slaves
00xex = zero address.

O71Hex -- 1FHex = slave 1 through 31

14..10:

INFORMATION

These 5 bits contain the,information to be transferred to the sla
every request type.dndividual bits are described by the respect

type.

For extended addressing 13 is used as an address extension (S
to address the A- and B-slaves.

Definition.of Sel-bit: Sel=0 A-slave

Sel=1 B-slave

ve for
ve call

b1-bit)

PB:

Parity bit

Part of verification of the correctness of the master request at t
slave. A correct message has even parity.

0 = even count of "1"-symbols in (CB, A4..A0, 14..10)
1 = odd count of the "1"-symbols in (CB, A4..A0, 14..10)

he

EB:

End bit

Identifies the end of the master request always: EB =1



https://iecnorm.com/api/?name=e0b090b419fd2a7446d5dff22c5c42b5

-32—

62026-2 © IEC:2008

Table 4 — Master requests (standard addressing mode)

Data_Exchange

ST CB 14 13 12 11 10 EB
[=0 [=0 [A4 [A3 [A2 [A1 [A0 [=0 [D3 [D2 [D1 [DO |PB[=1 |

<« 5 Bit Address i 5 Bit -
Information
ST CB 14 13 12 11 10 EB
Write_Parameter [=0 [=0 [A4 [A3 [A2 [A1 [A0 [=1 [P3 [P2 [P1 [P0 [PB [=1
« 5 Bit Address i 5 Bit -
Information
ST CB 14 13 12 11 10 EB
Addresp—Assigrment l=0|=0-{=0{=0[=01=0=0{A4{A3{A2Z{AT{AO{PB |=1 |
« 5 Bit Address e 5 Bit -
Information
ST CB 14 13 12 11 10 EB
Write_Extended_ID-Code_1 |=0 [=1 |=0 [=0 |=0 [=0 |=0 [=0 [ |} |21 |Pg||=1
« 5 Bit Address i 5 Bit -
Information
ST CB 14 13 12 11 10 EB
Delete |Address [=0 [=1 [A4 [A3 [A2 [A1 [A0 [=0=0" =0 [=0 [=0 |PB[]|=1 |
<« 5 Bit Address > & 5 Bit 4
Information
ST CB 14 13 12 11 10 EB
Reset_Blave [=0 |=1 [A4 [A3 [A2 [af] A0 [=1 [=1 [=1 [=0 [=0 [PB[[=1 |
<« 5 Bit Addréss - &« 5 Bit -
Information
ST CB 14 13 12 11 10 EB
Read_I{O-Configuration [=0 [=1 [A4 [As [A2 [A1 [A0 [=1 [=0 [=0 [=0 [=0 |PB[]|=1 |
<« 5 Bit Address i 5 Bit -
Information
ST CB 14 13 12 11 10 EB
Read_I[p-Code |=0 <+ [a4 [A3 [A2 [A1 A0 [=1 [=0 [=0 [=0 [=1 |PB[][=1 |
<« 5 Bit Address > <« 5 Bit 4
Information
ST CB 14 13 12 11 10 EB
Read_fxtended_ID-Code) 1 {=0 [=1 [A4 [A3 [A2 [A1 [A0 [=1 [=0 [=0 [=1 [=0 [PB][=1 |
<« 5 Bit Address > <« 5 Bit 4
Information
ST CB 14 13 12 11 10 EB
Read_Extended-1D-Code_2 [=0 [=1 [A4 [A3 [A2 [A1 [A0 [=1 [=0 [=0 [=1 [=1 [PB[[=1 |
« 5 Bit Address i 5 Bit -
Information
ST CB 14 13 12 11 10 EB
Read_Status [=0 [=1 A4 [A3 [A2 [A1 [A0 [=1 [=1 [=1 [=1 [=0 |PB[=1 |
<« 5 Bit Address > <« 5 Bit 4
Information
ST CB 14 13 12 11 10 EB
R1 [=0 [=1 [A4 [A3 [A2 [A1 [A0 [=1 [=1 [=1[=1[=1[PB[=1 ]
<« 5 Bit Address > <« 5 Bit 4
Information
ST CB 14 13 12 11 10 EB
Broadcast [=0 [=1[=1[=1[=1[=1[=1[=1[=0 [=1 [=0 [=1 |PB[=1 |

« 5 Bit Address - &«

5 Bit -
Information
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Table 5 — Master requests in the extended addressing mode

Data_Exchange

Write_Parameter

ST CB 14 13 12 11 10 EB
[=0|=0[A4|A3[A2[A1[A0[=0]sel[D2|D1|D0]|PB]=1]

« 5 Bit Address 5 Bit -
Information

> «

ST CB 14 13 12 11 10 EB
[=0|=0[A4|A3[A2[A1[A0[=1[sSel[P2][P1]|Po|PB]=1]

Delete [Address

Reset_Blave

Read_|

Read_ID-Code

« 5 Bit Address i 5 Bit -
Information
ST CB 14 13 12 11 10 EB
Addresp—Assigrment =0 f=0l=0l=07-0l=0l=0la4{nalnrolatinolerr|=1]
« 5 Bit Address e 5 Bit -
Information
ST CB 14 13 12 11 10 EB
Write_Extended_ID-Code_1 | =0 [=1|=0[=0|=0[=0|=0 =0 |'D|'D |20 |Pg| =1
« 5 Bit Address i 5 Bit -
Information
ST CB 14 13 12 11 10 EB
|=0|=1|a4|A3|A2[A1[A0[=0dsel|=0]=0]=0]PH]=1]
< 5 Bit Address > & 5 Bit 4
Information
ST CB 14 i 12 11 10 EB
|=0]=1]a4[A3[A2|At]Ro]=1]sel[=1]=0]=0]PH]=1]
<« 5 Bit Addréss - &« 5 Bit -
Information
ST CB 14 13 12 11 10 EB
O-Configuration [=0|=1|A4|az]A2[A1[A0[=1]sel[=0]=0]=0]PH]=1]|
<« 5 Bit Address i 5 Bit -
Information
ST CB 14 13 12 11 10 EB
| =0 [51 [a4 A3 |A2{A1[A0[=1]sel[=0]=0]=1]PH]=1]
<« 5 Bit Address > <« 5 Bit 4
Information
ST CB 14 13 12 11 10 EB
Read_fxtended_ID-Code) 1 [ =0 [ =1 [A4 [A3|A2]A1{A0[=1]sel|=0]=1]=0]PH|=1]
<« 5 Bit Address > <« 5 Bit 4
Information
ST CB 14 13 12 11 10 EB
Read_Extended-1D-Code_2 [ =0 [ =1 [A4 [A3[A2[A1]A0]|=1]sel|=0]=1]=1]|PH|=1]
« 5 Bit Address i 5 Bit -
Information
ST CB 14 13 12 11 10 EB

Read_Status

R1

Broadcast

|=0|=1|a4|A3|A2[A1[A0[=1]sel[=1]=1]=0]PB]=1]

« 5 Bit Address - &« 5 Bit -
Information
ST CB 14 13 12 11 10 EB
=0]=1]a4[A3[A2|A1]A0]=1]sel[=1]=1]=1]PB]=1]
« 5 Bit Address - &« 5 Bit -
Information

ST CB 14 13 12 11 10 EB
[=o[=1]=1]=1]=1]=1]=1]=1]=0]=1]=0]=1]PB|=1]

<« 5 Bit Address > <« 5 Bit -
Information

NOTE Sel denotes the Select Bit, Sel the inverted Select Bit.
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The responses sent by the slave have no control bit and no address and are composed of
4 elements as follows:

Start bit Information [ Parity bit End bit

The bits of a slave response shall be as follows:

Start bit=0

IQTIIQII’)IMImIDBIl:DI
1 — 1 = 1 " 1"~ | 1 == 1

€4 Bit Information™
Parity bit
End bit=1

Figure 11 — Structure of a slave response

Table 6 — Bit strings of the slave responses

Bit ptring Semantic Comments
ST: Start bit Identifies the beginning of the’slave response always: ST =0
13..10: Information These 4 bits contain the infermation to be transferred to the mafter
for every response type. Mdividual bits are described by the
respective call type
PB: Parity bit Part of verification;of the correctness of the slave response. Eafh
correct messagehas even parity.
0 = even count of "1"-symbols in (13..10)
1 = odd caunt of the "1"-symbols in (13..10)
EB: End bit Identifies the end of the slave response always: EB = 1
5.6.5 Individual single transactions
5.6.5.1 |Data_Exchange
The "Dgta_Exchange*Request" shall be used by the master to transfer 4 bits of datg (13..10)
(3 bits gf data plus-Sel-Bit in case of extended addressing mode) to the data output register of

the sla

input/output.ports of the slave see 8.4).

e andxto obtain 4 bits of data from the slave inputs. (For the behaviouf of the

The data exchange request shall have the following structure:

ST CB 14 13 12 11 10 EB
=0|=0|A4|A3[(A2|A1|A0|=0(D3|D2|D1|(DO0|PB|=1
« 5 Bit Address > <« 5 Bit Information -

ST CB 14 13 12 11 10 EB
=0 =0 A4 [A3[A2 (A1 [AO0|=0 §| D2 |D1|DO|PB| =1
<« 5 Bit Address > « 5 Bit Information -

Figure 12 — Structure of a data exchange request (top: standard address mode;

bottom: extended address mode)

The bits A4..A0 shall contain an operation address (1..31).
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The slave response shall have the following structure:

ST 13 121110 EB
=0 | D3 (D2 (D1 |D0|PB| =1

€ 4 Bit Information —

Figure 13 — Structure of the slave response (Data_Exchange)

If the slave is not activated, no answer shall be generated.

5.6.5.2
The "W

Whrite—Paramet
A |

ite_Parameter Request" shall be used by the master to transfer the 4 param

bter bits

(13..10) fo the parameter output register of the slave and to obtain 4 bits of data'from the slave

parame

er inputs. (For the behaviour of the parameter input/output ports of the slave s

The Write_Parameter request shall have the following structure:

Figure

The bitd

The sla

ST CB 14 13 12 11 10 EB
=0|=0(A4|A3[A2|A1|[A0|=1|P3|P2|RTN'PO|PB|=1
« 5 Bit Address - &« 5 Bit Information -

ST CB 14 13 12 11 10 EB
=0 [ =0 [ A4 |A3 | A2 |A1| A0 | =14Sel| P2 |[P1|PO|PB|=1
« 5 Bit Address R 5 Bit Information -

14 — Structure of the Write_Parameter request (top: standard addressing
bottom: extended addressing mode)

A4..A0 shall contain an operation address (1..31).

e response shall have the following structure:

ST 13 12 11 10 EB
=0 [P3|P2|P1|PO|PB|=1

€ 4 Bit Information =

Figure 15 — Structure of the slave response (Write_Parameter)

ce 8.4).

mode;

The Write_Parameter request may affect the slave’'s state machine (see 8.4 for further

details).

5.6.5.3

Address_Assignment

The "Address_Assignment request" shall be used by the master to enforce the slave to store
the given address (14..10) non-volatile and to use this address when responding to master
requests.
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The address_assignment request shall have the following structure:

ST CB 14 13 12 11 10 EB
=0|=0|=0]=0|=0]|=0|=0|A4|A3|A2|A1|AO0|PB]| =1
« 5 Bit Address - &« 5 Bit Information -

Figure 16 — Structure of the Address_Assignment request

The bits A4..A0 shall contain the zero address (00,).

The slave response shall have the following structure:

=0|=0([=1]|=1]=0(PB|=1

€ 4 Bit Information =

Figure 17 — Structure of the slave response (Address_Assignment)
After a successful Address_Assignment, a slave shall respond under, the new address

5.6.5.4 |Write_Extended_ID-Code_1

The "Wrfite_Extended ID-Code_1" request is a command,request and shall be used by the
master fo write the variable ID-Code nibble of the slavevith address =0.

The "Wiite_Extended ID-Code_1" command shall,have the following structure:

ST CB 14 13 12 11 10 EB
=0|=1]=0|=0|=04=0|=0|=0[ID3[{ID2|ID1|IDO|PB | =1
« 5 BityAddress > &« 5 Bit Information g

Figure 18 — Structure,of the Write_Extended_ID-Code_1 request

For conppatibility reasons with. previous versions of this standard the response of a glave to
this coﬂmand is optional~After a successful Write_Extended_ID-Code_1 command, the slave
response shall have the following structure:

€ 4 Bit Information =

[Figure 19 — Structure of the slave response (Write Fxtended ID-Code 1)]

The new ID-Code nibble shall be stored non-volatile.

In extended addressing mode it is permitted for the manufacturer to block the write access by
the user to the extended ID-Code 1. This allows to distinguish between more specific
products. The manufacturer shall set all bits of the blocked extended ID Code 1 to "1" or as it
is defined in the profile. Some ID-Code 1 may be fixed in specific profiles. In case of
ID_Code2=F ., and ID_Code1=F,, the ID-Code 1 may be blocked by the manufacturer.

NOTE 1 If the slave is in the process of storing the new ID-Code nibble into the non-volatile memory (processing
the "Write_Extended_ID-Code_1" request), a new "Write_Extended_ID-Code_1" request should not be issued by
the master. The result of the storage process would otherwise be undefined.

NOTE 2 If the slave is used in Extended Address Mode ID3 is used as SEL to select A and B address. In this
mode the user programmable part of the Extended ID-Code_1 (ID2..ID0) is limited to the range of 0 to 7.
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5.6.5.5 Reset_Slave

The "Reset_Slave request" is a command request and shall be used by the master to reset a
specific slave.

The Reset_Slave command shall have the following structure:

ST CB 14 13 12 11 10 EB
=0|=1|A4|A3[A2|A1|A0|=1]|=1|=1]=0(=0]|PB|=1
« 5 Bit Address - « 5 Bit Information -

ST _CB 14 13 2 K 10 EB
=0[=1]|A4|A3|A2|A1|A0|=1]|gel|=1]|=0]=0(PB|=1
« 5 Bit Address - « 5 Bit Information -

Figure 20 — Structure of the Reset_Slave request (top: standard addreéssing mpde;
bottom: extended addressing mode)

The slaye response shall have the following structure:

=0 [ =0 | =1|=1|=0|PB{=1

€ 4 Bit Information —

Figure 21 — Structure of the slave response (Reset_Slave)
The Reget_Slave request affects the slave's state machine. (See 8.4 for further details)).

5.6.5.6 |Delete_Address

The "De¢lete_Address request" is a command request and shall be used by the mpster to
delete the operation address of a specific slave.

The Delete_Address command. shall have the following structure:

ST CB 14 13 12 11 10 EB
=04=1|A4|A3[A2|A1|[A0|=0(=0[=0]|=0(=0]|PB|=1
« 5 Bit Address > <« 5 Bit Information -

ST CB 14 13 12 11 10 EB
=01=1{A41A31A2IA1I1AQ]=01gl=01=01=01PB=1
« 5 Bit Address > <« 5 Bit Information -

Figure 22 — Structure of the Delete_Address request (top: standard addressing mode;
bottom: extended addressing mode)

The slave response shall have the following structure:

=0|=0([=0|=0]|=0(PB|=1

€4 Bit Information =

Figure 23 — Structure of the slave response (Delete_Address)

After a successful Delete_Address command, a slave shall respond with the zero address.
This request does not cause the slave to store the address non-volatile.
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The Delete_Address request does not affect the slave’s state machine.

NOTE 1 A "Delete_Address" request to a slave with a zero address is identical to the "Write_Extended_ID-
Code_1" request (see 5.6.5.4).

NOTE 2 If the slave is in the process of storing its address into the non-volatiie memory (processing the
"Address_Assignment" request), a "Delete_Address" request should not be issued by the master. The result of the
storage process would be undefined.

5.6.5.7

Read_l/O_Configuration

The "Read_l/O_Configuration Request" is a command request and shall be used by the

master t

o read the 1/0 configuration of a specific slave.

The Reelad_I/O_Configuration request shall have the following structure:

The sla

The inp

directiopal input/output, or)as tristate. This configuration depends on the environment

required
as show
stored n

The end

ST CB 14 13 12 11 10 EB
=0|=1|A4|A3[A2|A1|[A0|=1[=0|=0]|=0(=0]|PB |=1
« 5 Bit Address > <« 5 Bit Information -

ST CB 14 13 12 11 10 EB
=0|=1|A4|A3[A2|A1|AO0|=1([Sel|=0]|=04=0|PB|=1
« 5 Bit Address > <« 5 Bit Informafion -

Figure 24 — Structure of the Read_I/O_Configuration request
(top: standard addressing mode; bottom: extended addressing mode)

e response shall contain the 1/0-Code and<shall have the following structure:

ST 13 12 . T 10 EB
=0 | =13 [=IZ,}=I1 =10 PB | =1

€ 4 Bit Information =

Figure 25 — Structure of the slave response (Read_Il/O_Configuration)

ut/output data bits.are configured to function as input only, as output only
functionality. Itis fixed for any particular slave, therefore. 16 different config

n in Table %.are defined. They are identified by the Identification Code, which
on-volatile{in the slave.

odingof the 1/O configuration shall be as follows:

, as bi-
and the
urations
shall be

NOTE 1 |

/O configuration examples include:

—  4-bit input data to transmit the switching signals of 4 binary sensors,

—  4-bit output data to activate four actuators,

— 2-bit output plus 2-bit input to activate and monitor a double working actuator (e.g. bi-directional pneumatic
valve that also transmits the sensor signals indicating the end positions).
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Table 7 — 1/0 Codes (IN = Input; OUT = Output; TRI = Tristate;

— 39 —

1/0 = Input/Output or Bidirectional (B))

1/0 Code |1/0-Configuration

(4-Bit) DO D1 D2 D3
OHex IN IN IN IN
Thex IN IN IN ouT
2pex IN IN IN I/0
3Hex IN IN ouT OouUT
4ijox IN IN I/O I/O
SHex IN OouT OuUT OouUT
Bhiex I/0 I/0 1/0 I/O
{Hex 170 170 1/0 170
8hex ouT OUT OUT OouUT
OHex OuT OUT OUT IN
Ajex OouT OuUT OUuT 1o
Bhex OuUT OUT IN IN
Chex ouT OouT I/Io 110
Dex OouUT IN IN IN
Enex ouT /0 1/0 1/O
Fhex TRI TRI TRI TRI

NOTE 2 [n previous versions of this standard, I/O code 6.« was definedsas IN 1/0 I/O 1/0.

5.6.5.8 |Read_ldentification_Code

The "Read_ldentification_Code request" is a command request and shall be used

master {o read the identification code of a spegcific’slave.

The Read_ldentification request shall haveithe following structure:

Figure¢ 26 — Structure of Read_Ildentification_Code request (top: standard addre

The slayewresponse shall contain the ID-Code and shall have the following structure:

mode; bottom: extended addressing mode)

ST CB 14 13 12 11 10 EB
=0|=1|A4|A3{A2 |A1|[A0|=1[=0|=0]|=0(=1]|PB|=1
« 5_Bit Address - <« 5 Bit Information 4
ST CB 14 13 12 11 10 EB
=0 |=1-{A4 | A3 (A2 | A1|[A0|=1[Sel[=0]|=0(=1]|PB|=1
« 5 Bit Address > <« 5 Bit Information -

Figure 27 — Structure of the slave response (Read_ldentification_Code)

=10 [ PB

€ 4 Bit Information =

by the

ssing

If the Identification_Code of a slave is "A,,," the slave uses the extended addressing mode.

If the Identification_Code of a slave is “By,,” the slave transfers safe signals.

NOTE For further details, see Table 8 and Annex A.
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5.6.5.9 Read_Extended_ID-Code_1/2
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The "Read_Extended_ID-Code_1/2 Requests" are two command requests and shall be used
by the master to read the content of the (optional) extended ID-Code register of a specific
slave. These commands are optional.

The Read_Extended_ID-Code_1/2 command request shall have the following structure:

ST CB 14 13 12 11 10 EB

ID-Code_1: =0|=1|A4|A3|A2|A1|A0|=1]=0]|=0]|=1]|=0]|PB|=1
&« 5 Bit Address - &« 5 Bit Information 4

ST CB 14 13 12 11 10 EB

ID-Code_2: =0|=1|A4|A3|A2|[A1|A0|=1]=0]=0]=1]=1]|PB |21
&« 5 Bit Address - &« 5 Bit Information 4

ST CB 14 13 12 11 10 EB

ID-Code_1: =0|=1|A4|A3|A2|[A1|A0|=1]Sel|=0]=%]|=0]|PB|=1
&« 5 Bit Address - & 5 Bit Information g

ST CB 14 13 12 11 10 EB

ID-Code_2: =0 |=1|A4|A3|A2|A1|A0|=1"}Sel|=0]|=1]|=1|PB|=1
&« 5 Bit Address AN 5 Bit Information 4

The slaye response shall have the following structure:

NOTE If|the slave,is'Used in the Extended Address Mode 13 in the slave response to Read_Extended_|
is used ap SEL te''show A/B address. In this mode the Extended ID-Code 1 (12..10) is limited to the r

Oto7.

5.6.5.10 “Read_Status

PB

€ 4 Bit Information =

Figure 28 — Structure of Read_Extended_ID-Code_1/2 Request
(top: standard addressing mode; bottom: extended addressing mode)

Figure 29 — Structure of the slave response Read_Extended_ID-Code_1/2

D-Code_1
nge from

The "Read_Status Request" is a command request and shall be used by the master to read
the status of a specific slave.
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The Read_Status request shall have the following structure:

ST CB 14 13 12 11 10 EB
=0[=1|A4|A3|A2|A1|A0|=1]|=1[=1[=1[=0|PB|=1
« 5 Bit Address - « 5 Bit Information -

ST CB 14 13 12 11 10 EB
=0|=1[A4|A3|A2|A1|[A0|=1]|ggl|=1|=1]|=0]|PB|[=1
« 5 Bit Address - « 5 Bit Information -

Figure 30 — Structure of Read Status request (top: standard addressing mode;
bottom: extended addressing mode)

The slaye response shall have the following structure:

ST 13 121110 EB
=0 |=S3|=S2|=S1|=S0| PB | =1

€ 4 Bit Information =

Figure 31 — Structure of the slave response)(Read_Status)

5.6.5.11 R1

The "R1" is a command request. It is reserved and*is‘optional.

This command will be coded in the information part of the master request as 1F],,. The
Reservg request shall have the following sfructure:

ST CB 14 13 12 11 10 EB
=0|=1|A4|A34{A2 |A1[AO|=1[=1|=1]=1[=1]|PB|=1
« 5.Bit Address - <« 5 Bit Information 4
ST CB 14 13 12 11 10 EB
=0 | =1-{A4 [A3 | A2 |A1[A0 |=1]|ggl|=1|=1]|=1|PB|=1
« 5 Bit Address > <« 5 Bit Information -

Figure 32.= Structure of R1 request (top: standard addressing mode; bottom:
extended addressing mode)

The slave response may have the following structure:

ST 13 121110 EB
=0 |=S3|=S2|=S1|=S0| PB | =1

€ 4 Bit Information =

Figure 33 — Structure of the slave response (R1)

NOTE For compatibility reasons, the slave response may contain the content of the status register. This
command has been a Read_Reset_Status in the first implementations of the system (up to version 2.0 of this
standard). It is recommended not to use the command in new developments.
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The "Broadcast (Reset)" is a command request and is optional.

The Broadcast (Reset) request shall have the following structure:

ST CB 14 13 12 11 10 EB
Of=1|=1|=1|=1|= =1|=0(=1|=0|=1|PB|=1
« 5 Bit Address - &« 5 Bit Information -

Figure 34 — Structure of the Broadcast (Reset) request

The slaves shall react with a Reset. There shall be no slave response to this request.

NOTE 1 |In a network, this command may be used by the master to reset all slaves which realisg the"¢ommand.
Thus it is| used to perform an action similar to an emergency stop. As the Reset_Slave request,the “Broadcast

(Reset)” g4ffects the slave’s state machine. (see 8.4 for further details).

NOTE 2 |For future expansion of the system the information part 154, is reserved for broadCast commangls.

5.7 AS}i combined transactions

5.7.1 General

AS-i Single Transactions contain a maximum of 4 bits of information. If more than 4 bits of
consistgnt information is to be transferred an additional sét of rules has to be establ|shed to
control |the data transfer. There are several sets of -fules available for different fypes of
applicatjons (e.g. single direction word transfer for analogue sensors or actuators, full duplex
data ex¢ghange for intelligent slaves etc.). These are defined in the subsequent paragraphs.

(see 5.

.5.8) or extended ID-codes (see .5)6.5.9) are used. Masters that are capable to

To iden'ny slaves that are capable to communicate via combined transactions the ID-codes

commu

Table 8 — List of combined transaction types

icate via combined transactions are identified by their master profiles (see Apnex B).
Table 8|lists all presently defined combined transaction types.

t Comb_ined Slave profile Mast_er Remarks
ransaction type profile
Type 1 S-7.1 Not supported | For new designs it is recommended to use S-7.3
Type 1 S-72 Not supported | For new designs it is recommended to uge S-7.4
Type 1 Sr73 M3 16 bit inputs or outputs
Type 1 S-7.4 M3 Complex field devices
Type 2 S-7.5.5 M4 Combi field devices
Type 2 S-7.A.5 M4 Combi field devices
Type2 S-B.A.5 M4 Serial communication field devices
Type 3 S-7.A.7 M4 41/40 in extended address mode
Type 3 S-7.AA M4 81/80 in extended address mode
Type 4 S-7.A.8 M4 16 bit inputs in extended address mode
Type 4 S-7.A.9 M4 Dual 16 bit inputs in extended address mode
Type 5 S-6.0 M4 High speed 16 bit inputs and outputs
AS-i safety [S-0.B Any AS-i safety input slaves
AS-i safety | S-7.B Any AS-i safety input slaves with standard outputs

5.7.2 Combined transaction type 1

The combined transaction type 1 mechanism is handled according to the method given
below. It uses the standard AS-i data transfer mechanisms to build a half duplex data transfer
channel for byte transfer between the master and the slave with the profiles given in Table 8.

NOTE Combined transaction type 1 may be used for analogue sensors and actuators; replacement of 4 mA to
20 mA interfaces, for scanners and displays with 8 characters maximum. It may further be used for complex field
devices with variable parameters; replacement for 4 mA to 20 mA interfaces with parameter exchange.
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5.7.2.1 Definition of 1/0 data and parameter bits

The definition of the 1/0O data bits (Single transaction “Data_Exchange”) is given in Figure 35.

13 12 1110
D3 (D2 |D1| DO

€ 4 Bit Information —>

Bit Type | Definition

D3 I/0 Control bit for data transfer (“toggle bit”)
D2 1/10 Most significant data bit of the data triple
D1 /0 Data bit of the data triple

DO /0 i_rtiaszt significant data bit of the data

Figure 35 — Definition of the 1/0 data bits in combined transaction‘type 1

The deflinition of the parameter bits (Single transaction ,Write_Parameter®) is given in the
following figure. This definition is valid for the slave profile S-7.4° only. For details see
Annex A.

P3| P2|P1(PO

€ 4 Bit Information, =

Px (hex) | P3 | P2 | P1 | PO | Definition
F 1 1 1 1 |Normal data cycle
E 1 1 1 0 |Normal data cycle (optional)
D 1 1 0 | 1 |Read ID string
C 1 1 0 | 0.y Read diagnosis
B 1 0|1 1~ | Read parameter string
A 1 0|1 0 | Write parameter string
0 0 | 0«0 | O |Used to generate unequal slave responses

Figure 36 — Definition of the parameter bits in combined transaction type

When “‘Normal data cycle” is selected by the parameters, the data transfer diregction is
determiped by\the extended ID2 code as defined in 5.7.2.2. It cannot be changed during
operatign. The.master acts as data source in case of an analogue output and as a data sink in
case of jan_analogue input.

When “Read ID String”, “Read Diagnosis” or “Read parameter string” is selected by the
parameters, the slave acts as data source and the master acts as data sink. When “Write
parameter string” is selected by the parameters, the master acts as data source and the slave
acts as data sink.

NOTE Due to this definition of data and parameter bits, combined transaction type 1 can only be used with
standard addressing mode.

5.7.2.2 Definition of data transfer direction and number of channels

The data transfer direction and the number of data channels is defined by the extended ID2
code (Single transaction “Read_ID2-Code”) stored in the slave (see Annex A for details).

NOTE For AS-i slaves that do not support the extended ID1/ID2 codes, the AS-i master should assume the
default value extended ID2 = Fuex. This corresponds to an analogue input slave with 4 channels. It is allowed to
implement less than 4 channels with extended ID2 code = Fpe. In this case, the slaves send data for the
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implemented channels only. The master should mark the input values of the unused channels in its analogue input
data image as invalid. Slaves that support the extended ID1/ID2 codes should not use the default value extended
ID2 = Fhex-

5.7.2.3 Data transfer

If the slave is defined as data source and the master as data sink the data transfer is
controlled by the master in a way shown in Table 9. The master issues a request consisting of
a 3 bit command as shown. The slave answers in the same or in one of the next
“Data_Exchange” telegrams with 3 bit data.

If the master is defined as data source and the slave as data sink, the data transfer is
controlled by the slave in a similar manner as shown in Table 10. The slave issues a request
consistimg—of —a 3 bit—commmand—as —showrmn. T e master answers im_one of _the next
“Data_Hxchange” telegrams with 3 bit data.

Irrespedtive of the data transfer direction, the control bit K (the “Toggle Bit”) is'invertefd by the
master every time the content of the command or data bits change.

Tlable 9 — Data transfer from slave to master in combined transaction type |l
Master (request) Slave (answer) Remarks
K111 > K D2 D1 DO
K110 > K D2 D1 DO
K101 > K D2 D1 DO
K100 > K D2 D1 DO
K011 > K D2 D1 DO
K010 > K D2 D1 DO
K001 > K D2 D1 DO
K000 > K D2 D1 \,

NOTE 1 [The data in this table is shown at controlfer level. On the AS-i line the master requests will be tfansmitted
in invertedl form (see 5.6.5.4).

The request "K111“ also serves-as/'latch® command. After having received this commjand the
data bits of the whole sequencesshall not be updated by the data source until compl|etion of
the whoje sequence. This ensures data consistency.

Table 10 — Data(transfer from master to slave in combined transaction type|1

Master (request) Slave (answer) Remarks

K XWX X > K111

K b2\D1 D0 > K110

K’D2 D1 DO > K101

KB2b4+bB6 K—1-6-6

K D2 D1 DO > K011

K D2 D1 DO > K010

K D2 D1 DO > K001

K D2 D1 DO > K0O0O

KD2D1 V > K111 Start of the next cycle (or "K000" if

transactions are to be terminated)

NOTE 2 The data in this table is shown at controller level. On the AS-i line, the master requests will be
transmitted in inverted form (see 5.6.5.4).

The transfer is started with the request “K111”. It ends with the request “K000”. These two
requests are mandatory. If less than 23 bits are to be transferred, the requests beginning with
“K110” may be omitted. Length of data and definition of the individual bits are given in the
slave profiles (see Annex A for details) or in the manufacturer’s documentation.
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The last bit of the sequence is the Valid Bit “V”. If it is set = 1 the sequence was transferred
correctly and the data received is marked valid.

5.7.2.4

Slave response times

5.7.2.4.1 Input data slaves

When the master addresses a new data triple of the input slave (that is, the toggle bit of the
data has changed) the slave shall respond within 250 uys with a new value. This ensures that

maximu

m data transfer times can be calculated.

5.7.2.4.2 Output data slaves

After h

ing received the command “K111” the master changes the Toggle Bit and.se

nds new

data. The slave shall respond with a new command data triple within 250us. This’sgequence

continu
triple co

The sla
The ma
shall bsg
betweel

5.7.2.5

If the n
Read H
7.2 and

NOTE T
master. T|

s until the slave addresses the last data triple and the master responds/with
ntaining the Valid Bit “V”.

ye then may wait up to a maximum of 3 s until it starts a new-sequence with

kKimum time delay that the output slave will wait until a new 'data transfer cyc
stated in the manufacturers documentation. This item sshall be named “ma
two consecutive data transfer cycles”.

Read ID, Read Diagnosis, Read and Write Parameter

arameter, the master shall follow the sequence shown in Figure 37 (Slave pr
S-7.4 only).

he 500 ms waiting time is needed becauserthe Write_Parameter request is issued acyclica
he 1 ms waiting time is needed by the slayé’to perform its internal changeover process.

After the first call “Write_Parameter, (Xxxx) to Slave” the master shall not change

output H
D3 and

If the n
shall fol
in Figur

its. When the waiting time of .1 ms is exceeded, the master shall change the tq
at the same time it shall set’the bits D2, D1 and DO to “111” (host level).

brmal data transfer_cycle is to be interrupted to insert a Write Parameter, the

b 39 (Slave prdfiles S-7.2 and S-7.4 only).

he data

“K111”.
e starts
. delay

brmal data transfer cycle is to be interrupted to insert a Read ID, Read Digagnosis,

bfiles S-

ly by the

the four
ggle bit

master

low the sequencé“shown in Figure 38 and the slave shall follow the sequencg¢ shown
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Start
read string

Start 500 ms timer

Write parameter (xxxx)
to slave

no

FESPOHsSe

no ! yes
Parameter 5 Timer overflow? \7

yes

Wait > 1 ms

Read part of triple sequence
via “READ” from slave

F-Bit=0 or V-Bit=0?

yes

Write parameter (1110)
to slave (optional)

Parameter response\no
=11107? (optional

yes

41/40 slaves: set output
to valid 10 data

Write_parameter (1111)
to slave

yes
Timer overflow?

Wait > 1ms

( Return ) ( Error )

Figure 37 — Function sequence to Read ID, Read Diagnosis,
Read Parameter in combined transaction type 1
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Start
write string
Freeze 4 bit output data

)

Start 500 ms timer

Write parameter (xxxx)
to slave

no

) yes
Timer overflow? —

I
Parameter
response=xxxx?

yes

Wait > 1ms

¢ yes

Change master toggle bit K

no

[«
Data response
=K111?

> Yes

Read part of triple sequence
via “READ” from slave

F-Bit=0 or V-Bit=0?
yes

Write parameter (47110)
to slave (optional)

Parameter response
=1110? (optional)
yes

41/40 slaves: set output
to valid 10 data

Write parameter (1111)

to slave

yes
Timer overflow?

Wait > 1ms

Cw (=

Figure 38 — Function sequence to Write Parameter
in combined transaction type 1
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Start
write string

Capture master-4 bit data
with leading toggle bit K

!

Mirror 4 bit data
to dataport

'

Parameter (XXXX) ->
master

I

"l
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Parameter requests with data=

1111, from the master shall

always be processed and
interrupt this sequence

Read master_toggle bit K

New master_toggle
bit K?
yes

Data (K 111) -> master

Read part of the write_string
triple sequence (24 bit) from
master

[Acknowledge to master

Parameter_strobe

(1110)?
yes

Answer param 1110
(optional)

|l
Parameter_strobe
(1111)?

yes

In~ease of 41/40 slave: con-
sume |O data without delay

In case of 41/40 slave: con-
sume |0 data with 60 ms delay

Answer param 1111

v
( Return )

Figure 39 — Behaviour of the slave receiving a complete parameter string
from the master in combined transaction type 1

5.7.2.6 Error handling

5.7.2.6.1 Power-up

The data transferred is marked as not valid via the Valid Bit until a complete and error free
cyclical transfer of data has been completed after a power-up condition.
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5.7.2.6.2 Data triples in wrong sequence

The data source checks that the data triples are called for in the correct sequence by the data
sink. If this is not the case it marks the data as erroneous via the Valid Bit. It may also
respond to other commands with “K000” until a new cycle begins.

5.7.2.6.3 Data in varying length

The data source checks that data is transferred cyclically and with constant length. If the data
length changes during operation, the data is marked as erroneous via the Valid Bit until a new
cycle has been completed correctly.

5.7.2.6.f—thvg1'riﬁ0n-v'fmn1tknﬂwledg!mem-phzse
After inferruption of the data traffic between AS-i master and AS-i slave, the inpatidata in the

AS-i mgster is set to “0O,,". To ensure that this does not lead to a wrong interpretatign of the
data, the values in question are to be marked erroneous via the Valid Bit.

5.7.2.6.5 Toggle bit timeout

If both gommunication partners are waiting for the control bit K to'change, it is recommended
to monifor the toggle period and perform a timeout after 1 s. When the timeout has ofcurred,
the masgter and/or the slave shall mark the transmitted data as erroneous. If the slave
monitors the Toggle Bit timeout, this has to be stated in the . manufacturer’s documentgtion.

5.7.3 Combined transaction type 2

The combined transaction type 2 mechanism is, handled according to the standand given
below. It uses the standard AS-i data transfer mechanisms to build a full duplex bit-sefial data
transfer|channel between the master and the slave with the profiles listed in Table 8.

NOTE Cpmbined transaction type 2 may be used for analogue sensors, actuators and field devices with variable
parametefs; for sensors, actuators and field<devices both analogue and digital; for displays with mofe than 8
characterp; replacement for 4 mA to 20 mA\interfaces with parameter exchange.

5.7.3.1 |Definition of 1/0 data‘and parameter bits

The def|nition of the 1/0O data bits (Single transaction “Data_Exchange”) is given in Figure 40:

13 121110
D3 | D2 |D1|DO

€ 4 Bit Information —>

Bit Type Definition
D3 [ Serial data in

D2 I Serial clock in

D1 0] Serial data out

DO 0] Serial clock out

Figure 40 — Definition of the 1/0 data bits in combined transaction type 2

The AS-i parameter bits (Single transaction ,Write_Parameter®) are not used for combined
transaction type 2. They may be defined in the respective slave profiles.

NOTE Due to this definition of data bits, combined transaction type 2 can be used with standard address mode
and/or with extended address mode. The input data bits DO and D1 and the output data bits D2 (and D3 if standard
addressing mode is used) are not needed for combined transaction type 2 and may be used for additional normal
bit information transfer.

The combination of the serial clock and serial data bits are defined as follows:
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Serial clock Serial data Definition
0 0 Data bit: 0
0 1 Data bit: 1
1 0 Separator / clock
1 1 Idle / no data

Data transfer

The data transfer is controlled by the following rules:

If there
idle), th
the tran

EC:2008

of serial clock and data in combined transaction type 2

is no data to be transferred between the master and the slave (both data chanpels run

sfer and the slave answers with the same information:

Table 12 — Data transfer in combined transaction type 2

bn both sides transfer the telegram "SEP" and "IDLE" continuously. The mastef begins

Master request Slave response
Serigl clock | Serial data | Serial clock | Serial data
(DG Out) (D1 Out) (D2 1n) (D3 In)
1 0 1 0 Separator / clock
1 1 1 1 ldle / no data
In this gtate the slave shall always echo the informatiomreceived from the master. Thg master

shall se

d the alternative next telegram only after it-has received the correct echo to

telegram from the slave.

An osci
display

Figure

A timeo

loscope connected to the respective Ninputs and outputs of the slave will
p picture as shown in Figure 41.

DO Out (serial clock)

D1 Out (serial data)

D2 In (serial clock)

1
0
1
0
1
0
1
0

D3 In (serial data)

Y,

(both data channels run idle)

Lt error is detected if master or slave do not receive the expected information

the last

ypically

41 — Typical combined transaction type 2 signals as viewed by an oscillgscope

rom the

other si

& withimma timme of T00TmSs.

If the master wants to transmit data to the slave it shall replace its "idle" telegram by the
respective data telegram. If the slave wants to transmit data to the master it shall replace its
"idle" telegram by the respective data telegram. The separator / clock telegram exchange
between the data or idle telegrams remains unchanged.

The most significant bit is transmitted first. The data information may have any length. Two
different data information are separated by at least one "idle" telegram.

An oscilloscope connected to the respective inputs and outputs of the slave will, for example
display the picture shown in Figure 42.
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IRVIRIRRIINIn |00 out (serial lock)
(UL T I T L] P Out (serial data)

LT L T 1 ][ o3 n (serial data)

L L] [T | o2 1n (serial clock)

Figure 42 — Typical combined transaction type 2 signals (the master transmits the byte
10101011g;,, the slave transmits 01110101p;,,):

5.7.3.3 Slave response times

When the master transmits a new information (that is, the state of the serial clock changes)
the slale shall respond in the actual or next cycle at the latest with a new infoarmatipn. This
ensures| that maximum data transfer times can be calculated.

5.7.3.4 |Exception handling
5.7.3.4.1 Power-up

The usér data in the master are marked as invalid until a. complete and error-free data
transfer|has been performed.

5.7.3.4.2 Interruption of data traffic

When a|master with integrated support of combined-transaction type 2 detects that a jslave of
a corregponding profile is not in the LAS anymore; it marks the corresponding input vplues of
all chanpels of this slave as invalid and sets them to default values if applicable.

A slave| that supports combined transaction type 2 shall implement a watchdog function to
monitor|interruptions of data traffic. Af)case of interruption of data transfer detecteq by the
watchdqg the following actions shalllbe taken:

An outppt slave shall set its oufputs to default values, if applicable.

— The|(slaves resets its state machine, that means it does not respond any more|to data
telegrams until it rec€ives a new parameter telegram from the AS-i master.

— A timeout error is.detected if the slave does not receive the expected information from the
master within astime of 100 ms.

5.7.3.4.3 Interruption/error of data communication

The masgter and slave shall check incoming data for violation of the coding rules.

If a master with integrated support of combined transaction type 2 detects that the rules of the
serial data communication are not followed by the slave (e.g. timeout) it will interrupt the
serial data communication immediately, mark all data as invalid and return to the state "start
serial communication".

When a slave detects that the rules of the serial data communication are not followed by the
master (e.g. timeout) it will interrupt the serial data communication immediately, set outputs to
default values and return to the state "start serial communication".

5.7.4 Combined transaction type 3

The combined transaction type 3 mechanism is handled according to the specification given
below. It uses the standard AS-i data transfer mechanisms to build a full duplex 4 bit or 8 bit
data transfer channel between the master and the slave in extended address mode with the
profiles given in Table 8.
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NOTE Combined transaction type 3 is intended for use in keypads, signal towers, valve terminals and similar

devices. |

5.7.4.1

t may further be used for 8 bit sensors, actuators and field devices.

41/40 data transfer

The definition of the 1/O data bits (Single transaction “Data_Exchange”) for the 41/40 data

transfer

is given in Figure 43:

D3 | D2 |D1|DO

€ 4 Bit Information —>

Bit Ty'r_\n Definition
D3 I Data Bit DI3

D2 I Data Bit DI2

D1 I Data Bit DI1

DO I Data Bit DIO

D3 0] Select Bit

D2 0] Output Multiplex Bit

D1 O Data Bit DO1, DO3

DO 0] Data Bit DOO, DO2

Figure 43 — Definition of the 1/0 data bits in combined transaction type 3 (41/4

The 4

Multiple
bit D2 =
The sla

putput-bits are transferred cyclically in 2 groups. If the information bit D2
X Bit) = 1 (ASl-level) then DOO and DO1 are\transferred to the slave, if the infd
0 (ASl-level) then D2 and D3 are transferred to the slave in a data exchange
e shall reassemble the two groups of*data to the 4 appropriate output ports (

Out 4) dependent on the information bit D2,

To ensyre that both groups of output.data are refreshed continuously the alternation o

bit shal
300 ms
outputs

NOTE In

The AS

be supervised by the slave. If there is no alternation of the D2 bit at lea
(after the activation of the’slave) the slave shall stop communication and s
into the OFF-state (protocol-watchdog).

the case of a protocpghwatchdog event, it is recommended to stop communication.

i parameter«bits (Single transaction ,Write_Parameter®) are not used for cq

transacfion type 3nThey may be defined in the respective slave profiles.

The dat

5.7.4.2

5.7.4.2.

b is transferred to the IDI and from the ODI of the master.

10)

(Output
rmation
request.
Dut 1 to

f the D2
5t every
vitch all

mbined

1 81/180-data-transfer

1 Definition of data and parameter bits

The definition of the I/O data bits (Single transaction “Data_Exchange”) for the 81/80 data

transfer

is given in Figures 44a and 44b:
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D3 (D2 |D1|DO

€ 4 Bit Information —>

Bit Type Definition

D3 | Input Multiplex Bit 1

D2 I Input Multiplex Bit 0

D1 I Data Bit DI1, DI3, DI5, DI7

DO I Data Bit DI0, DI2, DI4, DI6

B3 o SeteetBit

D2 O Inverted Input Multiplex Bit O from previous data transfer
D1 o) Data Bit DO1, DO3, DO5, DO7

DO @] Data Bit DO0, DO2, DO4, DO6

Figure 44a — Definition of the 1/O data bits in combined transaction type 3 (81/80)

After Pow
or Reset A
—

Receive
Master Request

Send DO2=0

State Init
Response
Timeout

Timeout

Timeout:
Reset Slave
ASIC

eceive
Masler Request

Receive
Master Reques|

Send
Response

Send
Response

Timeout

Receive
Master-Request

Send

All binary values refer to AS-i level
Response

Figure 44b — State diagram of the slave for combined transaction type 3 (81/80)
Figure 44 — Definition and state diagram of the slave for combined transaction type 3

The 8 input bits are transferred cyclically in 4 groups of 2 data bits each. Each group is
addressed with the Input Multiplex Bits DI2 and DI3, the data are the bits DO and D1. If the
Multiplex Bits are 00g;, then the input bits DI6, DI7 are transferred to the master and the

master sends the output bits DO6, DO7 in the following data telegram. If the Multiplex Bits are
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01g;, then the input bits DI4, DI5 are transferred to the master and the master sends the

output bits DO4, DO5 in the following data telegram. If the Multiplex Bits are 10g;, then the
input bits DI2, DI3 are transferred to the master and the master sends the output bits DO2,
DO3 in the following data telegram. If the Multiplex Bits are 11g;, then the input bits DIO, DI1

are transferred to the master and the master sends the output bits DOO0, DO1 in the following
data telegram.

For transmission security a client / server structure is required. The AS-i slave acts as the
server and provides the Input Multiplex Bits. The AS-i master acts as the client and reflects
the inverted Input Multiplex Bit DO2 to acknowledge the data transfer. With the data bit DOO
and DO1 the master transfers the corresponding output bits.

The Multiplex Bits 00g;, denote the start of a transfer sequence. If consistent data}qutput is
required the master shall update the output byte only before sending output bits DO6, PO7.

To ensyre that all groups of data are refreshed continuously the alternation_of‘the D2 it shall
be supgrvised by the slave and the master. If there is no alternation of|the D2 bit [at least
every 300 ms (after the activation of the slave) the slave shall stop communication and switch
all outppts into the OFF-state (protocol-watchdog). In this case, theCmaster shall signal the
invalidity of the input data to the controller with a "Valid Bit" set to Q.

NOTE Irf] the case of a protocol watchdog event, it is recommended to stop"communication.

The AS}i parameter bits (Single transaction ,Write_Pafameter®) are not used for combined
transacfion type 3. They may be defined in the respective slave profiles.

The dafa is transferred to the AIDI (high byte cof ‘channel 0 for Slave A and high|byte of
channel| 2 for Slave B) and from the AODI of the.master.

5.7.4.2.2 Response times

The slaje starts a sequence of datatransmission by sending "0 0 DI7 DI6". After receiving
this infdrmation, the master shall respond in less than 10 ms with an inverted DO2 pit. The
slave shall respond to the changed DO2 bit with new data within 250 ys. The sequence then
continugs until DO1 and DOO has been sent and the cycle repeats. This ensufes that
maximum data transfer times can be calculated.

5.7.4.2.3 Exception.handling
5.7.4.2.3.1 Power-up

The usér data in the master are marked as invalid until a complete and error-free data
transfer|has, been performed.

5.7.4.2.3.2 Interruption of data traffic

When a master with integrated support of combined transaction type 3 detects that a slave of
a corresponding profile is not in the LAS anymore, it marks the corresponding input values of
all channels of this slave as invalid and sets them to default values if applicable.

If the master detects a wrong sequence or no change of the input multiplex bits, it shall stop
reflecting the inverted DI2 bit and transmit "011g;," at ASI-level. All input bits and the valid bit

shall be set to 0.

5.7.5 Combined transaction type 4

The combined transaction type 4 mechanism is handled according to the specification given
below. It uses the standard AS-i data transfer mechanisms to build a single or dual channel
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16 bit data transfer channel from the slave to the master in extended address mode with the

profiles

given in Table 8.

NOTE Combined transaction type 4 is intended for use in single or dual channel 16 bit sensors; replacement for

4 mA to 20 mA interfaces.
5.7.5.1 Definition of data and parameter bits
The definition of the I/O data bits (Single transaction “Data_Exchange”) for the data transfer is
given in Figure 45:
3 12 1110
D3{D21D11D0O
€ 4 Bit Information —>
Bit Type Definition
D3 I Data bit DI3, DI7, DI11, DI15
D2 I Data bit DI2, DI6, DI10, DI14
D1 I Data bit DI1, DI5, DI9, DI13
DO I Data bit DIO, DI4, DI8, DI12
D3 @] Select bit
D2 (0] Channel select bit (Profile S-7.A.9,0nly)
D1 (0] Nibble select bit 1
DO (0] Nibble select bit 0

The 16

Figure 45 — Definition of the 1/O data bits'in combined transaction type 4

input bits are transferred cyclicallysin 4 groups of 4 data bits each. Each

addressied with the Nibble Select Bits DOY’and DOO by the master. If the Nibble Se

are 00g
are 01
are 10g
11gj th

If only 1

master
Multiple

The AS

n then the input bits DI12 to DI15 are transferred to the master. If the Multig
n then the input bits DI8 to DI are transferred to the master. If the Nibble Se
n then the input bits DI4<to-DI7 are transferred to the master. If the Multiplex
en the input bits DIO to BI3 are transferred to the master.

2 bits are to be-transferred the Multiplex Bit combination 11g;, may be omitte

in order to speed up the net data transfer. If only 8 bits are to be transfe
K Bit combinations 11g;, and 10g;, may be omitted.

i parameter bits (Single transaction ,Write_Parameter®) are not used for cq

jroup is
ect Bits
lex Bits

ect Bits
Bits are

d by the
'red the

mbined

transac1ion type 4. They may be defined in the respective slave profiles.

The cyclic input data of an A-Slave is copied into channel 0 and 1 of the AIDI of the
corresponding slave address. The cyclic input data of a B-Slave is copied into channel 2 and
3. In case of single byte data, the high byte of the AIDI is used.

5.7.5.2

Data transfer

The request with the Nibble select bits set to 00g;, also serves as "latch® command. After

having received this command the data bits of the whole sequence shall not be updated by
the data source until completion of the whole sequence. This ensures data consistency.

5.7.5.3

Slave response times

When the master transmits a new select information the slave shall respond with the
requested information in the same telegram. This ensures that maximum data transfer times
can be calculated.
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5.7.5.4 Exception handling

5.7.5.41

Power-up

The user data in the master are marked as invalid until a complete and error-free data
transfer has been performed.

5.7.5.4.2 Interruption of data traffic

When a master with integrated support of combined transaction type 4 detects that a slave of
a corresponding profile does not provide consistent data or is not in the LAS anymore, it
marks the corresponding input values of all channels of this slave as invalid and sets them to

default

alues if applicable.

A slave

monitor|interruptions of data traffic after the activation of the slave. In case of interry
data trapsfer detected by the watchdog the following action shall be taken:

— the plave resets its state machine, that means it does not respond”any more
telegrams until it receives a new parameter telegram from the AS¢j-master.

5.7.6 Combined transaction type 5

The combined transaction type 5 mechanism is handled according to the specificatig

that supports combined transaction type 4 shall implement a watchdag:function to

ption of

to data

n given

below. :l} uses the standard AS-i data transfer mechanisnms to build a fast 8, 12 or 16 bit full
ata transfer channel from the master to the slaye/using 2, 3 or 4 standard addresses

duplex
with the|

NOTE 1 |Combined transaction type 5 is intended for use; in high speed 16 bit sensors, actuators
devices; fleplacement for 4 mA to 20 mA interfaces for control loops.

A slave

slave og¢cupies the lowest address of a group of 2, 3 or 4 consecutive addresses. Theg
2 or 3 gddresses in ascending orderxshall not be used by any other "physical slave"

are alsg

NOTE 2 |Changing the address of a stave of this type may not function the same way as with other

particular

standard floes not contain auto-addressing procedures for slaves supporting transaction type 5.

5.7.6.1

The number of -data channels and the type of data is defined by the extended IL
(Single |transaction “Read_ID2-Code”) stored in the slave (see Annex A for detai
following definitions apply:

profiles given in Table 8.

and field

supporting combined transaction type 5 may be seen as one "physical slave". This

occupied by the physical slave supporting this transaction type.

the auto-address assignment (see 5.6.5.4) will need special attention of the user as this edit

Definition of number of channels

Table 13 — Definition of the IDZ2 code in combined transaction type 5

next 1,
as they

Elaves. In

on of the

D2 code

s). The

ID2yex 13 (12| 11|10 Definition

2 0|0 1 0 |Lowest address of an 8 bit transparent slave

3 0|0 |1 1 |Lowest address of a 12 bit transparent slave

4 0|1 0 | 0 |Lowest address of a 16 bit transparent slave

5 0| 1 0| 1 Highest address of a group of slaves of combined transaction
type 5

6 o | 1 1 0 Second address of a 12 bit slave, third address of a 16 bit
slave

7 0| 1 1 1 |Second address of a 16 bit slave

A 1 0|1 0 |Lowest address of an 8 bit analogue slave

B 1 0|1 1 |Lowest address of a 12 bit analogue slave

C 1 1 0 | 0 |Lowest address of a 16 bit analogue slave
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5.7.6.2 Definition of 1/0 data and parameter bits

There is no specific definition of the I/O data bits (Single transaction “Data_Exchange”) and
for the parameter bits (Single transaction "Write_Parameter") for the data transfer according
to this combined transaction type.

The data bits of the slave with the lowest address are the data bits DO to D3, the data bits of
the slave with the highest address are the data bits D12 to D15. If only 12 bits are to be
transmitted according to this combined transaction type the highest address may be omitted.
If only 8 bits are to be transmitted the highest two addresses may be omitted.

The AS-i parameter bits (Single transaction ,Write_Parameter®) are not used for combined

transacffon type 5. They may be defined {n the respective stave profites. |

5.7.6.3 |Data transfer

Master Bnd slave shall keep the data to be transmitted consistent for all addresses that take
part in Jombined transaction type 5 during one AS-i cycle.

Data is fransferred from the AODI and to the AIDI of the slave with,thelowest address

The slgves shall only accept output data if the data for all ‘addresses that take| part in
combingd transaction type 5 was received successfully.

The magter shall only accept input data and copy it inte the analogue input data image (AIDI)
if the data from all addresses that take part in combined transaction type 5 were fleceived
succesdfully.

5.7.6.4 |Slave response times

When the master transmits an output information the slave shall respond with the regpective
input information in the same telegram! This ensures that maximum data transfer times can
be calcdlated.

5.7.6.5 |Exception handling
5.7.6.5.1 Configuration error

If the slhve addresses. that take part in combined transaction type 5 are not configurdd in the
way defjned above'~the master shall treat each slave address as binary slave. Output data is
then talen from. the ODI, input data is transferred to the IDI. The analogue input datp image
(AIDI) is set-to 0000, in case of a transparent slave or to 7FFF,., in all othef cases.

Additiorjally,,the master's valid bit is reset for this channel.

5.7.6.5.2 Power-up
The slave shall only start to answer master requests for data exchange until it can provide

consistent data. If this is not possible (e.g. for timing reasons) the slave may provide default
values.

Slave and master shall only update their received data after they have successfully received a
complete data sequence for all addresses that take part in combined transaction type 5.

5.7.6.5.3 Master time-out

If the master does not receive valid data for all addresses that take part in combined
transaction type 5, it shall keep the last valid value.
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If no new valid value is received for more than 20 ms, the master may set the default value in
the AIDI and reset the valid bit. If no new valid value is received for more than 100 ms, the
master shall set the default value in the AIDI and reset the valid bit.

5.7.6.5.4 Slave time-out

If the slave does not receive

— valid data for all addresses taking part in combined transaction type 5 within one cycle, or

— valid data with less than 380 us time between two consecutive addresses

it shall keep the last valid value.

If no ne
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W valid value was received for more than 40 ms, the slave may set a fail safe
it. If no new valid value was received for more than 100 ms, the slavecrshall s
ue to its output. The fail safe value (e.g. minimum output, last value”or m
shall be stated in the manufacturer's documentation.

Combined transaction for safety related signal transfer

nbined transaction for safety related signal transfer meehanism is handled aq

becification given below. It uses the standard AS-i data. trahsfer mechanisms tq
t or two bit (depending on required safety integrity) safety related information
safety slaves with the profiles given in Table 8 and a safety control unit.

. The safety relevant information consists “of one or two bits per slave only
f a safety light barrier, the contact of an emergency stop device). A coding
petween the sensor and the transmission system which transforms the net infg
equence of 8 sets of 4 bits of information ("dynamic coding"). On the receivel
blated control unit interprets the signal. It compares the received codes with ir
eference codes and from this, ¢he state of the slave and the transmission sys
ed. The safety related control 'unit may be a part of the master; alternatively it
hte device, called "Safety monitor®.

\t present, only the safety related signal transfer from a slave to the safety related control unit is

Reference to IEC 61608 for safety product standards or common reference to safety relevant
taken into account when using safe signal transfer on AS-i.

Safety related input slaves

of infor

ty related input slave has two switching states, these states directly control th
ation’ transferred from the slave to the master. If the input of the slave is i
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state (e|guwthe light path of a safety light curtain is free, a safety door is closed) this

state is

signalled by transmitting a sequence of 8 sets of 4 bits of information. Every AS-i cycle
transfers the next set of 4 bits of information. If 8 cycles have been transmitted the complete
sequence has been sent. In the 9th cycle the first set is transferred again. If the input of the

slave is

in "OFF"-state the information "Op," is sent.

If a safety related input slave has two inputs (e.g. redundant contacts) each of the two
contacts act independently of each other on two bits of the 4 bits of information. The Table 14
shows the 4 possible states of the inputs:
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Table 14 - Input states of safety related input slaves

Contact 1 Contact 2 Data D0..D3 Meaning
ON ON X XXX Input in "ON"-state
ON OFF XX00 Input in "OFF"-state, only one contact is open
OFF ON 00 XX Input in "OFF"-state, only one contact is open
OFF OFF 0000 Input in "OFF"-state, both contacts open

NOTE "X" means bit value from code sequence.

The data channel from the safety related input slave to the safety control unit is permanently
supervised by the dynamic coding technique. It has to be ensured by design of the slave that
the requirements of IEC 61508 are fulfilled.

Only slgves with standard addressing mode shall be used as safety related inputslaves.

[

5.7.7.2 |Coding rules

The datia bits D0...D3 in the slave answer form a code nibble. 8 code nibbles form| a code
sequenge.

Rules fqr the assembly of a code sequence:

S1: A\ sequence consists of eight 4-bit-values where ach code nibble is differgnt from
pach other.

S2: [he values 0000g;, and 1111g;, do not exist within a sequence

S3: Exactly one value of 0001g;,, 0010g;, or 0011g;, exists in a sequence.

5S4 Exactly one value of 0100g;,, 1000g;, or 1100g;, exists in a sequence.

S5: Between two values with only 1 bit set are at least 2 values with two or three bits set.

S6: he value 0000g;, indicates the OFF-=state of the sensor.

S7: [he value 1111g;, is reserved for future extensions.

S8: [he stepping of the sequencesisidelayed by 200 — 900 ys after a data-request.

Following the rules S1 and S2 results in further requirements.

SA1: |In all 8 code nibbles‘ef the sequence a data bit is never constant 0 or 1.
SA2: |n all 8 code nibbles of the sequence two data bits are never completely equal.

The selfies of code nibbles is stored permanently in the slave or in an associated pxternal
device (e.g. light sender).

NOTE 200 us to-900 ps after the reception of a data request from the master, the slave should switch|from one
code niblle to the next. The minimum delay time of 200 us is intended to allow for a single repetition|of a data
exchange| if¢heslave answer was not received correctly by the master. The safety related control unit nepds 6 AS-
i-telegran]s (900 uys (5 slaves + management phase)) at minimum for internal processing. These 990 ps are
supervised by the safety related control unit and can otherwise be used inside the safety related slave to handle
critical timing conditions.

Within an AS-i network only different code-sequences are allowed.

Following these rules more than 900 000 different code-sequences are available. The
correctness of the code sequence shall be supervised by the safety related control unit.

5.8 AS-i error detection

Any master request and slave response on the AS-i line shall be checked by the receivers in
the slave or in the master respectively for the following possible transmission errors:

Start_bit_error  The initial pulse following a pause shall be of negative polarity. This pulse is
the reference for bit decoding. The first bit detected shall be of the value 0.
Violation of this rule shall be detected as start_bit_error.
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Alternating_error Two consecutive pulses shall be of different polarity. A negative pulse shall

be followed by a positive pulse and vice versa. Violation of this rule shall be
detected as alternating_error.

No_information_error Within any request or response, pulses (of positive or negative polarity)

Parity_error

+1,0us
-0,5us
request or response, where n =1 ... 26 for a master requestand n=1 ... 12
for a slave response. Violation of this rule shall be detected as
no_information_error.

shall be detected in periods of (n*3us) after the initial pulse of a

The sum of all information bits of the request or response (excluding start
and end bits, including parity bit) shall be even. Violation of this rule shall be
detected as parity error.

End_bit| error

Length_|error

If at leagt one of these errors occurs, the request or response shall be handled as inval

The master shall be able to detect and handle the following communication errors:

— Misding slave response

— Errof in slave response

For detgils see 8.5.
Any slaye shall be able to detect"and handle the following communication errors:
Error in|master request

For detqgils see 8.4.

6 Product information

6.1 Ingtructions for installation, operation and maintenance

The pulse to be detected n * 6 us after the start pulse shall be.of)|positive
polarity, where n =13 (78 us) for a master request and n = 6((36 y4s) for a
slave response. This stop pulse shall finish the request lor response.
Violation of this rule shall be detected as a end_bit_error,

A length supervision shall be processed. If during the-fitst bit time after the
end pulse of a master request (equivalent to-the 15t Bit time) for
synchronised slaves (during the first three bit times for not synchronised
slaves, equivalent to the Bit times 15 to 17) or during the first bit time after
the end pulse of a slave response (equivalent'fo the 8th Bit time) p signal
different from a pause is detected, a Lengthlerror shall be detected.

id.

Subclause 6.1 of IEC 62026-1 applies.

6.2 Profiles

Subclause 6.2 of IEC 62026-1 applies with the following additions.

All AS-i components shall be marked with, or shall include in the components instructions for
operation, identification of the profile(s) supported.

Masters and slaves shall carry the markings specified in the appropriate annex.

Markings shall be indelible and easily readable, and shall not be placed on parts normally
removable in service.
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6.3 Marking

Subclause 6.3 of IEC 62026-1 applies with the following additions.

6.3.1 Basic rated values

Manufacturers shall state the current ratings.

6.3.2 Connection and wiring identification

Table 15 defines the connection and wiring identification.

Table T5 — Connection and wiring identification
_Physicel Type Function Wire colour Terminal
interfage nymber
B, C, H AS-i line AS-i (+) Brown 1
AS-i (-) Blue 3
A INPUT port (with Power supply (+) a 1
connectors according to
Annex D of IEC 60947-5- | Input data 1 2P
2) Power supply (-) 3
Input data 2 4b
A INF’UT port solid state Power supply (+) (4x) 11...41
(with terminals) Input data (4x) 12/14...42/44
Power supply (—)(4x) 13...43
A OQTPUT port solid state.; Power supply (+) (npn) (4x) 1
g(\;vi&hnrc:g:n;ztfors according Power supdly (=) (pnp) (4x) 3
IEC 60947-5-2) Output;“parameter, etc. (4x) 4
A OUTPUT port relays Change-over contact 1
Normally closed contact (NC) 2
Normally open contact (NO) 4
A OUTPUT port salid:state Power supply (+) (npn) (4x) 11...41
(with terminals) Power supply (=) (pnp) (4x) 13...43
Output data bit (4x) 14...44
F Auxiliaryspower port Aux. power (+) Brown 1
Aux. power (=) Blue 3
B+F AS-i line + auxiliary power [ AS-i (+) Brown 1
post-2 AST() Blue 3
Uaux (+) Black 4
(-) White 2
pg d Green/Yel- |5
low

@  Wire colours for proximity switches shall conform to Table 3 of IEC 60947-5-2.
When only one INPUT pin per connector is used, the connector pins 2 and 4 shall be bridged internally.

¢ When the same connector or cable is used for both voltages, the auxiliary power supply shall be of the SELV or
PELV type.

If used.
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6.3.3 AS-i standard cable

The AS-i standard cable shall be coloured yellow and the "+" and "-" conductors shall be
clearly identified. If colours are used for identification they shall be: brown = + and blue = -.

6.3.4 AS-i power supply

The connections of an AS-i power supply shall be as defined in Table 16 if it is a single phase
a.c. power supply. This marking is mandatory.

Table 16 — AS-i power supply marking

Pqwersuppty sides Varking Specification
Primary Phase
N Neutral
PE protective earth
Secondarj (Interface E) ASI+ AS-i line positive
ASI- AS-i line negative
GND Equipment earth and/or shield
6.3.5 AS-i slave
The IP |protection rating of the slave shall be stated it the documentation according to
Annex ¢ of IEC 60947-1.
6.3.6 AS-i master
The type of isolation between AS-i ports at the master and the controller shall be s{ated by
the manufacturer.
7 Normal service, mounting and*transport conditions
7.1 Nofrmal service conditions
Subclayse 7.2 of IEC 62026=1 applies with the following additions.
7.1.1 Ambient air.temperature
AS-i components)shall operate between the ambient temperatures of -5 °C to +40 9C if not
otherwige spécified, for example in conjunction with a specific actuator or sensor type. The
operating/characteristics shall be maintained over the permissible range of @pmbient

temperg

tures.

7.1.2 Altitude

Subclause 6.1.2 of IEC 60947-1 applies.

7.2 Co

nditions during transport and storage

A special agreement shall be made between the user and the manufacturer if the conditions
during transport and storage, for example temperature and humidity conditions, differ from
those defined in 7.1 except that unless otherwise specified, the following temperature range
applies during transport and storage: between —-25 °C and +55 °C and, for short periods not
exceeding 24 h, up to +70 °C.
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7.3 Mounting
Mounting dimensions and conditions of the AS-i components shall be specified in the other
parts of this standard or if not specified shall be stated in the manufacturer's documentation.

8 Constructional and performance requirements

8.1 AS-i transmission medium

The AS-i transmission medium shall meet the requirements given in 5.4.1. Additionally, the
following constructional and performance requirements apply as specified or are
recommended.

8.1.1 AS-i standard cable

For eapy and quick field installation the use of an insulation piefcing comnection
(IEC 60B52-6) is recommended. It depends on the AS-i standard cable~'Its inner and outer
geometrical dimensions are shown in Figure 46.

Dimensions in millimetres

(10+0,2)
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Figure 46 — AS-i standard cable for field installation

The AS-i standard cable for field installation shall meet the following technical requirements:

— conductor cross-section: 2 x 1,5 mm?

— conductor resistance: 13,7 Q/km according to IEC 60227-2

— insulation resistance of cores: = 10"" Q*cm according to IEC 60227-2
— temperature range: -25 °C to +85 °C (fixed installation)

-10 °C to +85 °C (flexible installation)
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extra finely stranded according to IEC 60228,

class 6. Strands have to be tinned
=20 mm to 40 mm

minimum 3 x D = 12 mm (fixed installation) minimum
6 x D = 24 mm (flexible installation)

the conductor insulation shall not be glued with the
cable sheath

cable sheath: max. 90 Shore A; the hardness of the
conductor insulation shall not exceed the cable
sheath hardness

flammability

ated voltage:
insulation test voltage:
olour of cable sheath:
hemical resistance

marking:

AS-i cabinet cable

lours are used, they have to indicate:

Method FH, cat. FH 2-25

300V

1,5 kV

similar to yellow RAL 1012 according to IEC $0304
as per manufacturer’s techni¢aldata

the + and - conductors shall be clearly marked.

brown
blue

y and quick installation in IP20 environments (e.g. inside switching cabinets)|the use
insulation penetrating connection (IEC 60352-6) is recommended. It depends
AS-i stajndard cable shown in Figure 47.

on the

Dimensions in millimetres

2,05 +0,1

4,1+0,2

standard cable for

requirements:

conductor cross-section:
conductor resistance:
insulation resistance of cores:
temperature range:

conductor structure:

turn of the strands

hardness of insulation material

rated voltage:

Figure 47 — AS-i cabinet cable

IP20 environments shall

meet the following technical

2 x 0,8 mm2 (AWG 18)

= 22,5 Q/km according to IEC 60227-2

- 10" Q*cm according to IEC 60227-2

-5°C to +80 °C

two stranded tinned copper wires 7x0,4 side by side
=20 mm to 40 mm

max. 90 Shore A;

300V
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— insulation test voltage: 1,5 kV
— chemical resistance as per manufacturer’s technical data
— marking: the + and - conductors shall be clearly marked.
If colours are used, they have to indicate:
brown =
blue =-

8.1.3 Auxiliary power supply

AS-i slaves may be powered with auxiliary power (see 8.4.4.9). If, for this purpose, a flat
cable similar to the AS-i standard cable according to 8.1.1 is used, it shall have the following

— opperating voltage: <30 Vd.c.
— ¢olour of cable sheath: similar to black RAL 9005 according to IEC'6030

3=

8.1.4 ontacting the AS-i line

Any contacts between parts of an AS-i line shall meet the (following requirements,
independent of whether a conventional technology or an insulation piercing or perjetrating
technolggy is used:

- tontacting cycles min. 5 times (if connections are detachable)

- protection class according to IEC.60529 as per manufacturers
technical data

- ontact resistance max. 6 mQraccording to IEC 60352-6

— min. allowable current per connection as.per manufacturer’s technical data

- ated voltage 10:V'to 48 V d.c.

—  {emperature range =25 °C to +70 °C

-  s$hock according to IEC 60068-2-27

- ibration according to IEC 60068-2-6

—  sgtrain relief according to IEC 60947-5-2, Annex C

8.1.5 Pinning of M12-and M8 connectors

If M12 [4-pin) or M8(3-pin) plugs and sockets, according to IEC 60947-5-2, Annex D, are
used fol the inter¢onnection of the AS-i line or of auxiliary power lines, the following rules
shall apply:

NOTE Sge'Slave Profiles in Annex A for the interconnection of peripheral elements to slaves.

If a 12 mm or 8 mm plug is used for the interconnection of the AS-i line only, the plug shall be
male for energy input and female for energy output with the following pinning:

- pin1=ASI+
— pin 2 not used (not available for 8 mm connector)
— pin 3 = ASI-

— pin 4 not used

If a 12 mm or 8 mm plug is used for the interconnection of the auxiliary power only, the plug
shall be male for energy input and female for energy output with the following pinning:

— pin 1 = (+) auxiliary power

— pin 2 not used (not available for 8mm connector)
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— pin 3 = (-) auxiliary power
— pin 4 not used
If a 12 mm plug is used for both the interconnection of the AS-i line and the interconnection of

the auxiliary energy, the plug shall be male for energy input and female for energy output with
the following pinning:

— pin1=ASI+
— pin 2 = (=) auxiliary power
— pin 3 = ASI-

— pin 4_= (+) auxiliary power

8.1.6 Profiles and electromechanical interface

Within this standard no further restrictions for the method of interfacing the AS-i ljne with
differenf components are defined, beside the ones stated in 8.1.4. All sensors, actuators, or
other de¢vices and elements, that only meet the mentioned restrictions ,in |contacting the AS-i
system,|are declared as conform with an electromechanical profile.

8.2 AS|i power supply

The AS}i power supply and decoupling network shall fulfil the requirements given in 5.3.2.
Additiorally,