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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 6: Seriplex (Serial Multiplexed Control Bus)

FOREWORD

1) The IFT (Tniernational Electrotechnical Commission) is a worldwide organization for standar omprising
all n promote
interngtional co-operation on all questions concerning standardization in the electdcal*a fields. To
this ehd and in addition to other activities, the IEC publishes International aration is
entrudted to technical committees; any IEC National Committee interested\in ith may
participate in this preparatory work s liaising
with {he ernational
Organfization for Standardization (ISO) in accordance with condition ween the
two onganizations

2) The fprmal decisions or agreements of the IEC on technica sible, an
interngtional consensus of opinion on the relevant subjects sifice eac sentation
from i

3) The dpcuments produced have the form of recommend oRrs\fo the form
of stgndards, technical specifications, tech National
Comnlittees in that sense.

4) In order to promote international unification ernational
Standprds transparently to the maximum rds. Any
diver be clearly
indicafed in the latter

5) The IE e for any
equip

6) Attent e subject
of pate

Internat Lvoltage

switchg nical committee 17: Switchgear and controlgear.

The tex

FDIS Report on voting
17B/1162/FDIS 17B/1174/RVD
Full infgrmation on the voting for the approval of this standard can be found in the r¢port on

voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

The committee has decided that the contents of this publication will remain unchanged until

2004. At this date, the publication will be

* reconfirmed;

* withdrawn;

» replaced by a revised edition, or
+ amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

The general rules in IEC 62026-1 are applicable to this International Standard, where
specifically called for. All such rules, clauses and subclauses, together with tables, figures
and annexes, are identified by reference to part 1, for example 7.2.4.1 of IEC 62026-1.

Seriplex (Serial Multiplexed Control Bus) is a controller-device interface which provides a
deterministic means of exchanging simple data among control and sensing devices. All
devices are connected together by a single shielded four-conductor cable.

Any device which fully conforms to this part of IEC 62026 will be able to perform at least
element ry data nyrhangn with other compliant devices fhrmlgh the Seriplex=controller-device

@@

D

24
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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -
CONTROLLER-DEVICE INTERFACES (CDls) -

Part 6: Seriplex (Serial Multiplexed Control Bus)

1 Scope

This part of IEC 62026 specifies an interface system between single or multiple controllers,

and control circuit devices or switching elements. The interface system uses two
conductor pairs within one cable — one of these pairs provides a comm{wicationNned
the othpr pair provides power to the devices. It also establishes\ requiremen

interchgngeability of components with such interfaces.

This stgndard specifies the physical and operating characteri
device ipterface, including:

- reql;l:rements for interfaces between controllers and
- normal service conditions for devices;
— congtructional and performance regdiceme

- testq

These p

2 Noi

The foll

62026 are encouraged to investigate the poss
the normative documents indicated below. For

e-hormative document referred to applies. Member
srently valid International Standards.

twisted
um and
for the

ntroller-

26-1.

his text,
amend-
rties to
bility of
undated
5 of IEC

bidal)

Ea and

guidanceShock

IEC 60664-1:1992, Insulation coordination for equipment within low voltage systems — Part 1:

Principles, requirements, and tests

IEC 60947-1:1999, Low-voltage switchgear and controlgear — Part 1: General rules

IEC 61000-4-2:1995, Electromagnetic compatibility (EMC) - Part 4: Testing and measurement

techniques — Section 2: Electrostatic discharge immunity test. Basic EMC Publication

IEC 61000-4-3:1995, Electromagnetic compatibility (EMC) - Part 4: Testing and measurement

techniques — Section 3: Radiated, radio-frequency, electromagnetic field immunity test

IEC 61000-4-4:1995, Electromagnetic compatibility (EMC) — Part 4: Testing and measurement
techniques — Section 4: Electrical fast transient/burst immunity test. Basic EMC Publication
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IEC 61000-4-5:1995 Electromagnetic compatibility (EMC) — Part 4: Testing and measurement
techniques — Section 5: Surge immunity test

IEC 61000-4-6:1996, Electromagnetic compatibility (EMC) - Part 4: Testing and measurement
techniques — Section 6: Immunity to conducted disturbances induced by radio-frequency fields

IEC 62026-1:2000, Low-voltage switchgear and controlgear — Controller-device interfaces
(CDIs) — Part 1: General rules

CISPR 11:1997, Industrial, scientific and medical (ISM) radio-frequency equipment -
Electromagnetic disturbance characteristics — Limits and methods of measurement

3 DeJinitions, symbols and abbreviations

3.1 Definitions

For the [purpose of this of this part of IEC 62026, clause 3 &f | to er with the
following additions, apply.

3.1.1
address multiplexing
means pf extending the data capacit) . deyice interface by asgsigning
signals fo one of 16 multiplex channels_anth\brQ asti lfiplex channel numbgr at the
start of pach data frame

3.1.2
address sharing
practice]

NOTE n the peer-to-
signal.

3.1.3 :
analog\l£{e input de

device Which conyerts
controll¢r-devite_i

he output

d to the

3.1.4
analogue
device Which'x

3.1.5
Bus Fault Detect (BFD) pulse
negative-going (logic high-to-low-to-high) pulse on the data line during the sync period,
produced by the clock source, and used by the clock source and I/O devices to evaluate the
condition of the Seriplex controller-device interface

3.1.6

bus halt

intentional condition in which generation of the Seriplex clock signal is suspended, so that no
data signals are transmitted through the controller-device interface, and all output devices
assume their default states

NOTE A bus halt is essentially the same as a clock loss condition; bus halt is usually used to indicate that the
condition is normal and intentionally induced by the clock source.
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3.1.7
clock

Seriplex signal which is used to synchronize data exchange among connected devices

3.1.8

clock loss
condition in which the Seriplex clock signal is not operating due to a fault condition, so that no
data signals are transmitted through the controller-device interface, and all output devices

assume

their default states

3-1-9; tcloss
clock loss detection period

time without a transition of the Seriplex clock signal (Tow-to-high or high-fo-low)_after|which a
device detects a clock loss condition

NOTE [ypically, output devices will assume their default states after the clock lo iod heg elapsed.
3.1.10

clock module

dedicat¢d device which performs clock source functions fg in peer-
to-peer mode

3.1.11

clock pulse

sequenge of logic level transitions o e (logic

low-to-h

3.1.12

clock rate

repetitid
frame
NOTE

3.1.13
clock s
SeripleX

line, and trans

NOTE
operation

3.1.14
control

igh) transition and including a

n frequency of th

[his rate is the reqg

burce
device
etéct pulse

)corporated within an interface to a controller, but for peer-to-p

f a data

lock signal, provides the current source for the data

Eer mode

software which monitors Seriplex input signals and controls Seriplex output signals
Np—_ i E . : Basi thi o

embedded firmware within a dedicated control device. Typically this software performs controller-device interface

start/stop

3.1.15

functions and interface card initialization as well as signal monitoring and control.

daisy-chain

method

3.1.16

of connecting Seriplex devices by cable segments connected end-to-end

data echo
feature of Seriplex devices whereby the device receives a signal then retransmits that signal
to the controller-device interface

PLC, or

NOTE This feature may be used to indicate to a data-transmission device that a data signal has been properly
received by another device.
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3.1.17
data frame
sequence of clock pulses on the clock line, bounded at its beginning and end by a sync period

3.1.18
data line capacitance
capacitance of the data line to all the other conductors

3.1.19

data pass-through
interface feature used in master/slave mode, which takes controller-device interface input
signals and retransmits them as controller-device interface output signals at the same signal
addressles, without the intervention of control software

NOTE [his feature mimics peer-to-peer mode operation in that input devices may djfeclly trolqutpyit devices
at the sae address without control programming.

3.1.20
default|state
state of| Seriplex 1/0 device output signals under initial powe ass, and Hus fault
conditions

NOTE Usually this state is the “off” or inactive state, and corre

3.1.21
digital debounce
optional feature of Seriplex devices wkt
controllr-device interface output signa
cause t

discrete
brder to

3.1.22
discret¢ signal
data sighal consisting

NOTE Buch a sig
and outpdt data sig

3.1.23
drop
relativel

NOTE

plex input

s long.

3.1.24
excess
bleedoy

effect whith—ecetrs—when—the—datatine—ecannotrecharge—toahightogicstate—withinone-half
clock period after being released from a logic low state

NOTE This effect may result in signals with an intended value of 0 being incorrectly interpreted as having a
value of 1.

3.1.25
frame length
number of signal addresses transmitted within a single Seriplex data frame

3.1.26

frame period, t;

time consumed by one data frame, that is, the elapsed time between the end of successive
sync periods during normal operation
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3.1.27

host interface

electronic hardware device which allows control software running on a controller to monitor
and control I/0O devices through a Seriplex controller-device interface by some means such as
a backplane interface or controller-device interface gateway

NOTE A host interface typically also provides Seriplex clock source functions.

3.1.28

input propagation delay

elapsed time between an external input signal event and that signal’s availability within a
Seriplex input device for transmission to the controller-device interface

3.1.29
input rgsponse time, f;,

a) in peer-to-peer mode, elapsed time between an external inpu
signal’s|appearance on the controller-device interface communicatio

nd that

b) in master/slave mode, the elapsed time between an exter
signal’s|availability to a master’s internal logic processor

3.1.30
input anal

signal received by a Seriplex device other than_.a\ coktroller, eported to the Beriplex
controllg¢r-device interface

3.1.31
1/0 module
device { 3l signals from control circuit|devices

3.1.32
master
Seripley device whic Syt ic, incorporates the clock source function, has
exclusiy y’ device which transmits output data

3.1.33
master/slave m
mode 2

operatin ' i ster and one or more slaves

NOTE i 4o clock pulses are transmitted per address — one for input data and the other for output
data.

3.1.34

multipl¢x*¢hannel number

integer devices

which support address multiplexing

NOTE Each multiplexed signal is assigned to a single multiplex channel, and is transmitted through the Seriplex
controller-device interface during data frames in which the multiplex channel number broadcast by the clock source
at the beginning of the data frame matches its assigned channel number.

3.1.35
node
logically active connection to the controller-device interface

NOTE 1 Typical nodes consist of a clock source or I/O devices.

NOTE 2 Passive connections such as T-junctions are not nodes.
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3.1.36

numeric signal

group of consecutive input or output data bits which together represent a single number or
quantity

NOTE The allowable range of a numeric signal value is determined by the number of bits assigned to that signal,
typically 8, 12, or 16, and usually assigned a starting signal address which is a multiple of 16 (0, 16, 32, ..., 240).

3.1.37

output propagation delay, t,,

time between a change in the logic state of an output signal within a Seriplex device and the
corresponding change in state of its external output signal

3.1.38

output fesponse time, t,,

a) in peer-to-peer mode, time between a signal’s appearance
intefface and the corresponding change in state of an external cutp

-device

b) in master/slave mode, elapsed time between a signal’ i troller’s
intefnal logic processor (usually into an interface card’s_mg a ponding
change in state of an external output signal

3.1.39

output signal

signal \£hich is received through the controlle e\by a device other| than a
controller

3.1.40

peer-totpeer mode

mode 1

operatirlg mode in which without
the intefvention of a cgr

NOTE n this mode, one ed at the
same tim¢. Q

3.1.41

Seriplex device

control i terface,

includin

NOTE quice™refers cdllectively to the controller-device interface communications circuitfy, to any
other circi t device) to any mechanical and/or electromechanical actuators which interfacg¢ with the
device cir b R icg’s physical housing and electrical connectors.

3.1.42

Seriplex power supply
device which produces the d.c. voltage applied to the controller-device interface circuitry of
Seriplex devices

NOTE Typically this power source is electrically isolated from any power sources used to activate control
devices or sensors.

3.1.43

signal address

address

integer between 0 and 255 which identifies a single bit of Seriplex input or output data
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3.1.44

signal update time, ¢,
time between successive transmissions of a particular signal through the Seriplex controller-

device i

nterface

NOTE For non-multiplexed signals, the signal update time is equal to the frame period. For multiplexed signals,
the signal update time is equal to the frame period multiplied by the number of multiplex channels scanned by the

clock sou

3.1.45
slave

Seriplex device that does not generate the controller-device interface clock signal

3.1.46

sync pegriod, tsync

pause i
reset th

3.1.47

system
elapsed
externa

NOTE It
propagati

3.1.48
word

group of 16 bits of Seriplex input or qutpyt-data
with the|starting address beglng an-integer e o6

3.2 §
BFD
CDR
EUT

rce.

n the Seriplex clock signal at the end of each data frame,

output signal

includes input response time, output responge\t
bn delays.

0, 16, 32, ..., 240)

Clock period

ices to
ices

e of an

O device

ed to consecutive signal addresses,

Clock loss detection period

Data line discharge time

End of frame delay

Frame period

Host interface input propagation delay
Hold time after data sampling

Host interface output propagation delay
Controller response time

Input device propagation delay

Input response time
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top Output device propagation delay

tor Output response time

tpoff Data off propagation delay

thon Data on propagation delay

tsetup Set-up time before data sampling

tsr System response time

ty Signal update time

Vh High level of the square wave data signal
Vi towtevetof thesquare wave datasigmat

4 Classification

4.1 General

SeripleX . Beriplex

SeripleX tuators,
sensors br other
devices 5, each
providin|

The Seffiplex concept is ind

Connected devices may inc

— sengors (photpelect

- actuptors (va

- univ i

- cont

- cloc

Cable t¢x ink and
drop, si ch drop

length i

The Setiplex cable consists of four or six individually insulated conductors surrounded by a
foil shield, and housed within a single overall insulating jacket. The conductors of the four-
core cable correspond to the power, common, clock, and data lines. In the six-core cable the
two additional conductors (I/O+ and |/O-) are located outside the shield but within the outer
jacket.

Both master/slave and peer-to-peer configurations are possible in Seriplex systems.
Clock rates may be up to 200 kHz.

Seriplex signal update time depends on the length of the data frame (from 16 to 256 addresses),
the clock rate (10 kHz to 200 kHz), and the number of multiplex channels scanned (1 to 16).
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4.2 Frame period, f;

— 15 -

A frame period is defined as the elapsed time between the end of successive sync periods
while a Seriplex bus system is operating normally. Within a given system, the frame period is
fixed and is determined by the designated frame length, clock rate, and sync period (fgync)-

For clock rates up to 100 kHz, assuming the sync period is eight clock periods in duration, the

frame period can be calculated as

tr = [(mode x frame length) + 8]/clock rate

where
mode =|1 for peer-to-peer operation;
mode =|2 for master/slave operation.
For clogk rates above 100 kHz, the sync period is normally 16 clot ?ion, o)
the frame period is calculated as

tr = [(mode x frame length) + 16]
As the formula indicates, the frame period can bef redused e frame
length gr by increasing the clock rate.
4.3 ignal update time, ¢,
Signal yipdate time is defined as the elapsed q etween successive transmissigns of a
particular signal through the Serlplex i bl within
a given & system.
For nont
For multi channels are designated, the signal update time
equals tfhe frame ps& source
(Neh ):
If a mulfi
For a priority-Channef:

For non-priority channels:

ty=tx2

ty = tf x 2 x (Ngh—1)
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4.4 Input response time, t

In peer-to-peer mode, input response time is defined as the elapsed time between an external
input signal event and that signal’s appearance on the Seriplex CDI. Since the timing of the
input event need not be synchronized with the operation of the Seriplex CDI, the maximum
input response time for a given signal is primarily determined by the signal update time. The
propagation delay (tip) of the input device also affects the input response time, although this
factor is usually negligible compared to the signal update time:

tir =ty + tip

This form

In mastgr/slave mode, input response time is defined as the elapsed {if external
input signal event and that signal’s availability to a controller’s integha i .S In the
case of|a typical backplane interface, this would be the time fram\the\in til new
input data is posted in the interface’s dual-port memory for” use b spftware.
Master/$ i i i i 3 i of the input
device, |the signal update time (f;), the propagation delé ce, and

whetherl input data is posted immediately when receiye i i_gompletion of bus
fault defection (BFD) checks.

The inpt response time formula for im

Since |mput propagatlon delay can uual i jarded, i elay for
typical C i 5 i i de, the
complete calculation for input

NOTE 1 her value
specified

NOTE 2

If data ¢ the time
the signa eriod is
introduge signal’s

address

= [(2 x frame length + 8) — (2 x input_addr)]/clock rate

Therefore the complete input response time formula becomes:
tir = tip + ty * thip * leof
Under the assumptions given above, this would be calculated as

= [(2 x frame length + 8) x Nc, + 32 + (2 x frame length + 8) — (2 x input_addr)]/clock rate
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which can be simplified to

tir = [(2 x frame length + 8) x (N.y + 1) + 32 — (2 x input_addr)]/clock rate
NOTE 3 For clock rates > 100 kHz, the factor of 8 in the above formula changes to 16 or to some other value
specified by the interface manufacturer.

NOTE 4 For non-multiplexed signals, Ngh = 1.

If digital debounce is used, input response time can still be calculated by the same formula. In
this case, the selected number of data samples (2 or 3) should be substituted for the number
of multiplex channels (Ngp).

Digital debounce and address multiplexing shall not be used simultan€ous
signal.

e same

4.5 Qutput response time, t,,

In peer- signal’s
appeard Hevice’s
externa

Since S before
passing [ output
responge time is the end-of-frame delay of) N i on the
SeripleX [ i ) of the
output g bgligible
compar

where

NOTE 1 her value
specified

NOTE 2

If digita

tor = teof * top *+ (deb_lIgth x ;)

where debAgth is the selected debounce length for the signal; the number of identifal data
samples (2 or 3) required before the corresponding oufpuf changes siate.

Digital debounce and address multiplexing shall not be used simultaneously for the same
signal.

In master/slave mode, output response time is defined as the elapsed time between a signal’s
assertion by the controller’s internal logic processor (usually into a backplane interface’s dual-
port memory) and the corresponding change in state of an external output signal.

Since the writing of output data into a backplane interface’s dual-port memory is not
synchronized with the operation of the Seriplex CDI, the maximum output response time for a
given signal is primarily determined by the signal update time. There is also an end of frame
delay (fteof) as described for peer-to-peer output response time. Finally, the propagation
delays of both the host interface (t,op) and the output device itself (t,p) contribute to the total
output response time.
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The complete output response time formula is
tor =ty * thop * leof *+ top

Since output propagation delay can usually be disregarded, and the host propagation delay
for typical CPU interface cards is approximately 32 clock periods in master/slave mode, the
complete calculation for output response time is usually performed as follows:

tor=[(2 x frame length + 8) x Nop+ 32 + (2 x frame length + 8) — (2 x output_addr)]/clock rate

which can be simplified to

NOTE 3 |For clock rates > 100 kHz, the factor of 8 in the above formula can chagge Yo\{6 orxe s§me ger value
specified py the interface manufacturer.

NOTE 4 |For non-multiplexed signals, N, = 1.

If digital debounce is used, output response time can be c&lculs i mula. In
this casg, the debounce length (deb_Igth) of 2 or 3 data-samp _ se substituted for the
number|of multiplexed channels (N¢p).

Digital gebounce and address multiplexi s qultaneously on the same

signal.
g
ate_ofa 2

For the 3 3 stém response time is simply the sum Jof input

46 S

SeripleX
signal e

psed time between an external input
nal output signal.

This for

Disrega
calculat

ypically

tsr = [(frame length + 8) x Ngp + (frame length + 8) — output_addr]/clock rate
which can be simplified to

tsr = [(frame length + 8) x (N.h + 1) — output_addr]/clock rate
NOTE 1 For clock rates > 100 kHz, the factor of 8 in the above formula changes to 16 or to some other value
specified by the clock source manufacturer.

NOTE 2 For non-multiplexed systems, Ny, = 1.

If digital debounce is used, system response time can still be calculated by the same formula.
In this case, the debounce length (deb_lgth) of 2 or 3 data samples should be substituted for
the number of multiplexed channels (Ng, ).
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Digital debounce and address multiplexing shall not be used simultaneously on the same
signal.

For Seriplex master/slave mode systems, system response time factors include controller
processing time t,, as well as input response time §; and output response time {,;:

tsr = fir + thr + for
Disregarding input and output propagation delays, this formula is calculated as:

tsr = [2 x (2 x frame length + 8) x (N;y+ 1) + 64 — (2 x input_addr) —
(2 x output_addr)]/clock rate + t,,

If digital debounce is used, system response time can still be calcujéts
In this dase, the debounce length (deb_lIgth) of 2 or 3 data sample
the number of multiplexed channels (Ngp).

formula.
ifated for

Digital gebounce and address multiplexing shall not be ! ly on the same
signal.

Controller processing time is outside the scope of\this stz dependent on a wide
variety ¢f factors including processor type and s m type and size, gnd data
polling methods.

5 Characteristics

5.1 System overview

A Seriplex system cons clemerits, as shown in figure 1:

roIIer-de

source,

- cont

- cloc

- inpu
- Seri
- cont

- cont
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Figure 1 — Seriplex controller-device interface system diagram

The controller-device interface cable conducts Seriplex power and signals among the various
system elements. It consists of four insulated conductors, surrounded by a shield and an
outer insulating jacket. Two of the wires conduct Seriplex power, while the other two conduct
a clock and a data signal which are used to transmit data among system devices. A six-core

cable can be used in which the two additional conductors (I/O+ and 1/0-) are located outside
the shield but within the outer jacket.
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The clock source generates the controller-device interface clock signal which is used to
synchronize data transfer among system devices. It also provides a current source for the
data signal, so that this signal assumes a normally-high logic state. The clock source
periodically transmits a Bus Fault Detect (BFD) pulse which is used by input and output
devices to validate the operational status of the controller-device interface; the clock source
also makes use of this pulse to monitor and report fault conditions. The clock source may
either be a “passive” device providing controller-device interface arbitration, or it may be a
master or controller providing centralized control and reporting of all controller-device
interface data.

I/O devices carry out the physical activities of a control system. They may be simple devices
such as switches and lamps, or complex such as operator interface terminals and motion
controllg¢rs. Input devices sense external conditions and report them to the cogtrollef-device
interface, while output devices perform some action based on controlle ice interface data.

The Selliplex power supply provides power for the controller-device\inte i is, for
the corjtroller-device interface circuitry within each device i supply
provide$ a 24V d.c. source for the controller-device power
supplieg may be used within a single system.

NOTE 1 |In general, the Seriplex power supply does not provide anitoki 3 v icds, so that
an |/O fault would not cause a controller-device interface supply fai { ipn of the
controllertdevice interface.

NOTE 2 |[Control power supplies provide powerAor 1/O ci U|tr 5 g . this type
of power ,upply may also connect dlrectly to i v i y isolated
from the § g operation
of the corjtroller-device |nterface itself, although t [ from the
control dgvices.

NOTE 3 |A controller typically consists of a combinafion of hartdware gnd software, such as a personal computer or
programmjable controller, and prevides centralixed re ing and dohtrol of data. A controller usually operates a
controllertdevice interface in tife ms s_mode,xneaning that all input data is reported exclusively to the

controller| and that the controlle i ol“over thig\e

Controller-device interface-@ata is t itted through the clock and data signals. E4ch data
transmission fr , i  pulses on the clock line, bounded byl a sync
period quring wh i emains inactive for a defined period of time. Eaclp device
on the dontroller-deyce i e clock pulses, and the state of the data ling during
a particular cloc i lue of a corresponding data signal bit (see figurg 2).

Frame length = number of addresses ———>

Addresses or (
Clock pulse numbers 253 1254|255
line Sync-pulse —l_l_l_l_l_l_l_l_l_l_l_l_Sync pulse
Input I)VI‘ Output / |
sampled T Sampled
here here
3
Data
sl E— L, | —

)

line f
Input low or active

Figure 2 — Peer-to-peer timing diagram

IEC 2467/01
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Each discrete I/0O device on the controller-device interface is assigned an address. In the
peer-to-peer mode, this signal address corresponds directly to the sequence of the clock
pulses. For example, input device 17 asserts its signal value on the data line during clock
pulse 17. Correspondingly, output device 17 monitors the data line during clock pulse 17 to
determine whether it should be on or off until the next time its signal is presented to the
controller-device interface. In this way, input devices directly control output devices without
intervention by a host controller such as a computer or programmable logic controller (PLC).

Devices may be assigned multiple signal addresses in order to form a multi-bit signal value.
For example, 16 consecutive bits could be assigned to an analogue input device such as a
flow meter; these bits would then represent a 16-bit binary number which could be read and
used by another device.

In the master/slave mode, there are two clock pulses per signal addr i he as in
the peef-to-peer mode (see figure 3). During the first clock pulse fo but data
is transmitted from a device to a controller such as a computer 0 PC. Dun Psecond
clock pulse, the controller transmits output data to devices. S bs input
signals [from output signals at the same address, and allows hake all
control gecisions and to have exclusive control over the st

I
Address 0

Pulse
number 0 1

510 511

Clock]
line

Sync pulse

Data
line

Output sampled here

IEC P468/01

Input STple

rame is
owever,
both an
n which

itor the
ithin a

part|cular data frame

Non-multiplexed data Multiplexed data
I l
[ ! | channel
lo 16 Is2 48 64 80 240 0
1
Bits 1-4 2
0000=0
Channel 0001 =1
decode 0010=2
s 15
1111 =15

IEC 2469/01

Figure 4 - Example of address multiplexing


https://iecnorm.com/api/?name=39e6b51421f3a0c575dd8b908ec1a28e

62026-6 O IEC:2001(E) - 23 -

Seriplex signal update time depends on the length of the data frame (from 16 to 256
addresses), the clock rate (10 kHz to 200 kHz), and the number of multiplex channels
scanned (1 to 16).

The Seriplex clock and data signal amplitude is 12 V d.c. nominal. The data signal is low-true,
meaning that a low logic level corresponds to a value of 1, with high corresponding to 0. In its
“resting” state, the data line is pulled high by the clock source. Any device asserts its input
signals by either pulling the data line low during the proper clock pulse to indicate a 1, or by
leaving the data line high to indicate a 0. With this method, "wire-OR" logic may be used; that
is, multiple devices may be assigned to a given input signal and any of them may asserta 1 to
override the Os asserted by the other devices. Similarly, multiple output devices may be
assigned to the same address, and will respond to the same output signal value. In this way

the 1/0 eity-of-the—con e—nterfaceray-increase—tome a5 evices per
data frame.

5.2 Frequency, cable length and node count

The relgtionship between clock rate, node count, and cable len limiting
factors;| voltage drop through the cable, and cable transmi primary
transmission effects are propagation delay and bulk cap and the
connected devices.

Table 1|and table 2 both show the maximum allews ing frequency for a giyen bus

node cpunt and cable length, unde
assumptions are made:

oth cases the fpllowing

— cable type = 1622P16;

— 1/O device capacitance = 75 pF;
- 1/0 ¢
- amb
Table 1 single bus power supply are located at the same

end of . g Jesvare connected directly to the trunk cable (drop
length 4 i he length of the cable. In this case the voltdge drop

Table lock frequency for valid networks (single power supply)

Cawg\? Number of nodes
\M \5/ 10 20 50 100 200 500 1000
25 150 kHz | 125 kHz | 75 kHz | 50 kHz | 20 kHz — — —
50 125 kHz | 100 kHz | 64 kHz — — — — —
100 75 kHz | 64 kHz | 32 kHz — — — — —
200 64 kHz | 32 kHz — — — — — —
500 25 kHz — — — — — — —
1000 — — — — — — — —
2000 — — — — — — — —
3000 — — — — — — — —

Table 2 assumes that the clock source is at one end of the bus cable, that all nodes are
connected directly to the trunk cable (drop length = 0) and that multiple power supplies are
distributed throughout the bus as necessary to ensure that the cable voltage drop is limited to
that caused by the 30 mA data line current. In this case, cable transmission effects limit the
operating frequency.
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Table 2 - Maximum available clock frequency for valid networks
(multiple power supplies)

Cable length Number of nodes

m 5 10 20 50 100 200 500 1000
25 192 kHz | 167 kHz | 167 kHz | 125 kHz | 75 kHz | 50 kHz | 25 kHz | 16 kHz
50 167 kHz | 150 kHz | 150 kHz | 100 kHz | 75 kHz | 50 kHz | 25 kHz | 16 kHz
100 150 kHz | 125 kHz | 125 kHz | 100 kHz | 75 kHz | 50 kHz | 25 kHz | 16 kHz
200 100 kHz | 100 kHz [ 100 kHz | 75 kHz | 64 kHz | 50 kHz | 25 kHz | 10 kHz
500 64 kHz | 64 kHz | 64 kHz | 50 kHz | 50 kHz | 32 kHz ZOIK.H; 10 kHz
1000 32kHz | 32kHz | 32 kHz | 32 kHz | 32 kHz | 32 kHz /2\ kHz \QkHz
2000 25 kHz | 20 kHz | 20 kHz | 20 kHz | 20 kHz | 20 kH}/\ 10 kl-g\ 10??%

2810 16 kHz | 16 kHz | 16 kHz | 16 kHz | 16 kHz | 10 kls}\( 10Hz \

The capacity of most applications will fall somewhere b
he values given in these tables can be increase
(for example, placing the clock source in thg

tables.
topolog

of the cable and devices.

5.3 Dlata transmission

5.3.1

The cor
peer. In
input dg
states @
input an
either o

5.3.2

In the

devices

control

peer-top
arbitrati
the sign

General

!

Mn in these

Itering the cable
nkK)~or the parpameters

0 modes; master/slave or |peer-to-
rolled by a "master" device; that is, all
he master has exclusive control pver the

g as "slaves". In the peer-to-peer mode,

xvices. Although a controller may be|used in
Ily be used as a master device.

input and output data may be shared directlyy among
be used in this mode, it would not necessarily have eikclusive
d it have exclusive access to input data. More typically in the

le clock source would be used to provide controller-device ipterface

is device would not perform supervisory control. See figyre 5 for

Frame length = number of addresses

E—

(

(

Addresses or
o |1 2| 3| 4 pulse numbers 253 (254|255
Clock 1T U e
Sync pulse Sync pulse
Input A Output
sampled ~— sampled
here here
I L

Data

Input low or active

3
\ Then output active

Figure 5 — Peer-to-peer transmission format

)

IEC 2470/01
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Seriplex data is transmitted by means of the clock and data signals. Normal controller-device
interface operation consists of a scanning process, wherein "frames" of data are transmitted
repeatedly, so that all data signals are updated periodically at a set frequency. Each data
transmission frame is defined by a series of pulses on the clock line, separated by sync
periods during which the clock line remains inactive.

Each clock period corresponds to a signal address. In the peer-to-peer mode, each signal
address corresponds to exactly one bit of information. Addresses are numbered from 0 to
255; clock pulses are numbered correspondingly. After each sync period, a new series of
clock pulses is transmitted starting with pulse number 0, and continuing incrementally until the
data frame is complete and the next sync period is begun. During each clock period, the
correspondmg data srgnal is reported to the controller devrce interface through the data line.
The datgtin h—togictevet—which—corresponds v of 0; a
device for the
corresp

Every dp ssigned
at least s ih fact a
controller may be consrdered to be assigned to every avaia i . Hevice's
assigned addresses may or may not be contiguous, but tdivid Yondlti-bit ues (for
instance, a 16-bit analogue signal) shall be assigned g coniigdous addre¢sses to
accommodate their value range.

In the pleer-to-peer mode, each addres » at least one inpuf device
and ong¢ output device for commuri of data sent through the
controllgr-device interface shall be recei ice; otherwise, transmission of that
bit servgés no control purpose. In some,cases anconiroler may be the only designated sender

or receiver of a given data signal. Tolarrange d rol of an output device by gn input
device, those devices are gssi dre S addresses).

Each dgvice on the co ice~ ace_counts the clock pulses within each dafa frame
and mopitors and/or cont ' 8 s, data line during the clock periods corresponding
to its gssigned S . i glock periods which do not corresponfl to its

assignefd S|gnal S Seriphs syice does not attempt to pull the data line low, nor is
its oper f

Address < k Seriplex device. Therefore, the maximum data gapacity
within a|singd ; data frame is 255 bits. Since each address is used|as both
an inpuf an . Sh Mhis represents an I/O capacity of 255 discrete (that is| single-
bit) inpyt S outputs for a total of 510 1/O devices.

5.3.3 ave>mode transmission

In the master/slave operating mode, data is exclusively controlled by a master deyice. All
input data is reported exclusively to the master, and the master has exclusive control over the
states of all output signals, with all I/O devices acting as slaves. In almost all cases,
master/slave mode systems use a controller, which acts as both the clock source and as the
master device. Figure 6 shows the master/slave transmission format.



https://iecnorm.com/api/?name=39e6b51421f3a0c575dd8b908ec1a28e

- 26 - 62026-6 O IEC:2001(E)

i Frame length = number of addresses

Address 0 1 2 3 254 255
Pulse ‘
number o 1 2 31 4 5 510 511

line .
Sync period In | Out Out

Data
sampled

Inpu here Output

UL/ rd oy,

Sync period

ire. L]

|

IEC 2471/01

Figure 6 — Master/slave mode data transmission f
Master/g$lave mode data transmission is similar to that of the p most
respect$. The most significant difference is that in the master/stave o clock
pulses per signal address instead of one as in the peer-to-pee the finst clock
pulse fqr each address, the corresponding input signal i onding
output gignal is reported during the second clock pulse s divide
the number of clock pulses by two to determine the cy
Since Seriplex input and output signal ¢ do not
exert difect control over output signalg in peer-
to-peer [mode; in fact, such input/out in the
control |ogic. This is true even if the inpit and ov 5 reside
within the same Seriplex device. ignals is
exclusively under the control of the mg hrough"
feature [to logically link igputangd -to-peer
mode op i i ‘
This lodical sep ation of cor ; terface input signals and output signalg at the
same agldress S g all control decisions and to have exclusivg control
over thg state of al¥ gdtput.s| »That iy, all input data is reported exclusively to the|master;
althoug ‘ , they do not monitor the states of input sigphals. All
controll¢r-device (nt § A is transmitted exclusively by the master; slave|devices
may mopitor pttputdata but they do not produce them
All othep”as er/slave mode data transmission are identical to those of |peer-to-
peer mqde S il 255 addresses available, although each address now corrg¢sponds

Since the.master/slave mode uses two clock pulses per address, it takes approximate

ly twice

as long T0 scan the same number of /O addresses. Note, however, that the I/O capaci
same as for peer-to-peer mode; 255 discrete inputs and 255 discrete outputs.

5.4 General data transmission features

5.4.1 Address multiplexing

y is the

The following subclauses describe operational characteristics of data transmission which are

applicable to both peer-to-peer and master/slave operating modes.

The maximum data capacity of a single non-multiplexed data frame is 255 input bits and 255
output bits. While this is a considerable capacity for discrete I/O devices, the number of
analogue signals within a single frame is limited to 15 (16-bit) inputs and 15 outputs, which is

not sufficient for some applications.
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Address multiplexing is a means of expanding the data capacity of a Seriplex controller-
device interface. It effectively extends the addressing range of the controller-device interface
from an 8-bit number to a 12-bit number, resulting in an increase of the data capacity in a
single controller-device interface from 510 signal bits to 7 680 signal bits.

In address multiplexing, multiple devices share the same signal addresses. Individual signals
at the shared addresses are distinguished by assigning each to one of 16 unique multiplex
channels. Each data frame transmits data for a single multiplex channel.

Multiplexed devices monitor the multiplex channel indication at the beginning of each data
frame and determine whether it matches the assigned channel number. If a device’s assigned
channel is being scanned, that device reads and writes data normally. However, if the current
channel[ does not correspond to that device’s assigned channel, the deviceNgnore$ output
data angl does not transmit its input data within that data frame.

Multiplexed dewces compare the value of these 4-bits to
determipe whether their signals will be active within that
channellformat.

hultiplex

Address ,| located
at 16-bi individual
address,

The wof igation is
containgd within that word In master/slave
mode, t < % g4 words.
This supports a total of 48 i output),
or768Qi a b

If addrep i ng f P m, it is not necessary to multiplex all addiresses.
Multipleki e Wi are no
restricti ords are multiplexed within a system. In master/slave
mode, i multiplexed differently. For example, input word 16-31
may be ip ; ut word 16-31 is not.

Non-mu d devi imply ignore the multiplex channel indication and report and|receive
their da i data’frame. Multiplexed and non-multiplexed signals shall not share the

same eddres -‘ since this would result in data contention during multiplex dhannels
assignef to(multiptexed signals.

Since multiplexed signals are only updated during data frames which correspond to their
assigned multiplex channels, multiplexed signal update time is related to the number of
multiplex channels and the order in which they are scanned. The update time for multiplexed
signals is typically calculated as [(frame time) x (number of multiplex channels)], although
some applications may vary from this formula. Non-multiplexed signals are still updated once
per data frame, even in systems which use address multiplexing at other signal addresses.

Although in a typical system multiplex channels are scanned in ascending numerical order
and then repeated, there are no set requirements on the order of multiplex channel scanning.
Multiplex channel scan order may be customized within an application to allow prioritizing of
signal update times. For instance, a controller may support a "priority channel" which is
scanned every second data frame, while other multiplex channels are scanned in ascending
numerical order in between each priority channel frame.
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Any number of multiplex channels may be used within a system, up to the maximum of 16.
Multiplexing may be implemented using sequential channels, e.g. 1, 2, and 3 or non-
sequential channels, e.g. using channels 2, 5 and 8.

Seriplex systems which use address multiplexing cannot assign output signals 1 through 4 to
any |/O device, since these bits are used for multiplex channel indication. The recommended
practice is to avoid assigning any address within the first word (addresses 0 through 15) to
any I/O device, except for dedicated functions (CDR input, outputs 5 — 8) described in 5.6.6.2
and 5.9.1.3.

Each multiplexed signal is assigned to a single multiplex channel. However, an 1/O device that
transmits and/or receives multiple signals may have different signals assigned to different
multiplek channels. For example, a 4-point analogue input module may Kaveeach o

signals
channel

5.4.2

The synlc period is a period of inactivity on the clock line,

used to
from th

Clock

Data

assigned to addresses 48 through 63, with individual signals/assigned\{o n
s 0, 1, 2, and 3.

Sync period

A
\4

—

la Q "\
Data frame n l &\k\\ v Data frame n +
- A n i
! (\r\ S '

its four
hultiplex

ices and

easured
to the

- Sync period diagram

N fod tyy  ————

Sync pegriod Rara rs\are n in table 3.
Table 3 — Sync period parameters
bl M

Value
Symb rarheter
Minimum Nominal Maximuql
tolock Clock period 1/clock rate
tsync Sync period duration 82 ps ° 8,5 * tooek (€100 kHz) 1ms”®
16,5 x g ock(>100 kHZz)
totg BFD pulse duration 2 % tyock — 0,5 Us 2 %ty o0k -
tog BFD pulse delay time teiock — 0,5 Us folock -
tor BFD pulse recovery 2 X toock — 0,5 ms - -
time
® Minimum £y, is 82 us or 8,5 x f o, Whichever is longer.
® Maximum tsync is 1 ms or 16,5 x {4k, Whichever is shorter.
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The timing of the sync period is controlled by the clock source. Once all clock pulses for a
given data frame have been completed, the clock source holds the clock line high for the
duration of the sync period.

The minimum allowable sync period duration is 8,5 clock periods or 82 us, whichever is
longer. The maximum allowable duration is 16,5 clock periods or 1 ms, whichever is shorter.
These minimum and maximum durations are selected to ensure that 1/O devices can reliably
detect the presence of a sync period over the clock rate range of 10 kHz to 200 kHz, without
interpreting the inactivity as a loss of the controller-device interface clock signal.

The recommended practice for sync period duration is 8,5 clock periods for clock rates up to
100 kHz, and 16,5 clock periods for clock rates greater than 100 kHz.

Upon dgtection of a sync period, 1/O devices shall reset their addfess to 0 in
preparation for the next data frame, and monitor the data line for ths s Fault
Detectign pulse to determine their appropriate output responses \ e sync
period.

5.4.3 Bus Fault Detection pulse

The Bus he sync
period, ich i ice ermine the "hgalth" of
the confroller-device interface. See ty¢q in figure

As at ofher times, the controller device\| ta tine i gic state
during t O low and
then relg

The clo termine
whether fails to
reach e ntroller-
device i

Each 1/ he BFD
pulse d iod ends
normall broperly
and allo external
output gigna jegtt [ i i i ploys. If
the deviee Taj 3 i iod, i iZe a bus
fault conditi VY i i 3

The BFD pulse shall f i ithi i iti i bw logic
state shall<occur after the clock I|ne has reached the hlgh Ioglc state at the start of fhe sync

period ar TYTYITY [ ' ' 1
high shall precede the clock line’s first tranS|t|on from high to low at the start of the
subsequent data frame by at least the minimum BFD pulse recovery time.

The BFD pulse duration and its position within the sync period may be freely defined within
the ranges specified in table 3. It is recommended however that the BFD pulse should be
exactly two clock periods in duration, and should occur during the second and third equivalent
clock periods within the sync period.
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5.4.4 Frame length

Frame length is the number of addresses scanned within a data frame. That is, the frame
length sets the number of individual input or output signal bits which are reported within a
data frame.

The frame length may be any number up to a maximum of 256, corresponding to the
maximum number of addresses available on the controller-device interface. Frame length
shall be a multiple of 16 (16, 32, 48, ..., 240, 256) and the frame length shall be constant
within a given system.

In the peer-to-peer mode, the frame length is equal to the number of clock-pulses produced
within al data frame. In the master/slave mode, the number of clock puls s is twicepthe frame

length. Therefore the frame length directly affects signal update time, nes the
duration of a data frame for a given clock rate.

The number of available addresses within a data frame is (fran dress 0
is not ugsable. For instance, a frame length of 64 supports up and 63
output Rits.

5.4.5 Clock rate

The cldck rate is the frequency at ne data
transmisgsion portion of a data frame 400 kHz.
Recommended nominal values (in kH PS5, 150,
167 and 192 kHz.

For a df ,]and so
determi r of 1/0

devices eX cable, and the total cable length[within a
system, ¢harging time of the Seriplex data Ijine (see
5.5).

NOTE 3 b he sync period portion of a data frame. Therefofe, direct
measuren b c ¢ounter connected to the Seriplex clock line might pnoduce an

inaccurat , Si e of sync psriods reduces the observed frequency.

5.4.6

The len 3 3l trarismitted through a controller-device interface may rangg¢ from a
single b N i{s. Rgcommended signal data lengths are 1, 2, 4, 8, 16, or any multiple
of 16 bi A

A signa| longer than 1 bit shaII be aSS|gned at Ieast as many contlguous addresseg as are
required
exceeds the data length, unused bits Wlthln the address space should be aSS|gned a value of
0 by the signal-producing device.

5.4.7 Address sharing

Multiple Seriplex devices may be assigned to the same signal address or addresses. In fact,
in the peer-to-peer mode at least two devices (one input device and one output device) shall
be assigned to a signal address for the associated signal to perform any useful
communication.
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In addition to input/output signal pairs, multiple input devices may also share an address. In
this way, any of several input devices may produce the same input signal. The input signal is
the logical OR combination of all input devices assigned to that address; this is frequently
referred to as a "wire-OR" logic function. The recommended practice is to assign only discrete
(single-bit) signals to a shared address; multi-bit signals (such as analogue values) should not
share addresses except as allowed under the rules for address multiplexing.

Similarly, multiple output devices may also share an address. The output signal controls all
associated output devices in the same way; this is referred to as a "wire-AND" logic function.
Again, only single-bit signals should share addresses except in the case of multiplexing.

There i ractical
constraints will be imposed by the physical limits of a system.

The Sefiplex address sharing capability enables the address of the
controllgr-device interface. In address multiplexing, multiple d are the
same afldress space, but only one signal is active during a g 4.1 for
more information on address multiplexing.

5.4.8 Device address boundaries

There are no physical or protocol constraints i / ce from
operating at any valid address from : i ses are
assigned for a multi-bit signal. Ho starting
addresses for signals of given data lengths a

— assi

— assi

— assi

— assi

— assi

In partid hultiples
of 16.

NOTE rry actual
data sigrn the data
processin,

5.5 Sligna

The fundamental Unij/0f time for Seriplex operation is the clock period t;ock, Which is|defined
as the elapsed time between successive positive transitions of the clock signal dufing the
data transmission portion of a data iransmission irame. See figure 8 and table 4.
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Figure 8 — Data signal timing

Table 4 - Symbols and/parameters

(N /e Sveis

Symbol Parameter Q N'@"? ( \ \_,QOMM Maximum

toiock Clock period \\ue%ck rate -

toon Data on propagation delay (.Q - 2,25|us

tooff Data off propagation W A \ \\0 \ - 2,25|us
S~

ten Data line charge time \( 0 - (0,5 * §y10ck)

—t e —F —
poff setup
2(tpca ble)

tis Data line @ge ime \)> - (0,5 X 85 100k)
- tpon - fsetup -
A(\ (\ 2(tpcable)

tsetup Set-up time¢befyrendata ) 100 ns — _
samplin)q\

thold Hold t@e a\f[‘eQ@tAsaang> 100 ns - -
X

The clogk
elapses

lly a 50 % duty cycle square wave, so that one-half clock period
positive and negative transitions of the clock signal.

During the.data transmission portion of a data frame, the clock source transmits a clogk pulse
for each clock period. During the sync period, clock pulses are not generated, but the clock
period may be used as the unit of time measurement for events which occur within the sync
period.

The positive (logic low-to-high) transition of the Seriplex clock signal triggers both assertion
and removal of data signals from the data line. A device asserts its data on the data line
immediately upon sensing the positive clock transition which begins a clock period
corresponding to a signal that device produces. The device maintains data on the data line
until it senses the next positive clock transition, and then releases the data line immediately.

When a device attempts to assert a signal value of 1 within a given clock period, it shall begin
pulling the data line low within the propagation delay (t,on) following the positive transition of
the clock signal. The sum of the propagation delay (tyon) plus 2 x transmission line delay and
the data line discharge time ({g4is) shall be less than one-half of the clock period to ensure
proper data sampling.
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When the clock period in which a given device is driving the data line low is completed, the
device shall release the data line within the propagation delay (fyoff) following the next
positive transition of the clock signal. The sum of the propagation delay (fpoff) plus
2 x transmission line delay and the data line charging time (fcn) shall be less than one-half of
the clock period to ensure that the following signal value may be sensed as 0 (logic high).

The clock rate determines the amount of time which is available for the data line to charge up
to the high logic state following a clock period in which the data line is driven low. The
maximum available charging time establishes a limit for the total data line capacitance within
the system, since for a given data line source current level the charging time is proportional to
the data line capacitance. Each segment of Seriplex cable and each connected node
contributes to the total capacitance of a system’s data line, and this total capacitance shall fall
within thretimit-forthedesigmated—ctockrate:

bnce and
common.
. ;lowever,

NOTE n practice, this charging of the data line is non-linear, due to cable (resist
transmissjon-line effects. Overshoot, undershoot and/or "ringing" of the data ang’¥%

Failure [of the data line to properly charge to a logic high_s ;regative
transitign of the clock signal is known as the excess time<con ition may
result i \ g4 0. This
effect shall be taken into consideration during the degign of all_Sefi icgtions.
Typicall [ng time
(tzh), be current
than the

Data is 9  during
the data ving devices for a particular |data bit

shall sample the data val
clock signal.

following the negative transitign of the

The clogk loss t 1y i 6 ed period, without a negative transition of the
clock signal, whi . f t ‘as absence of the clock signal, rather thgn as a
sync pefiod.

The pro
remains

(torog) is the minimum time during which the clpck line
apse before a I/O device enters the programming modee.

5.6 Data
5.6.1

The follpwirg subclauses describe conventions for the formulation and interpretation| of data
transmitted through the controller-device interface. In order to maintain maximum system
flexibility, some of these conventions are recommended practices rather than explicit
requirements. Within any given Seriplex system, data may be defined and used in any manner
suitable to that system’s purpose, provided that there is no conflict among devices in the use
or meaning of any given data signal.

5.6.2 Special signal definitions

No restrictions are placed on the meaning of data transmitted through the controller-device
interface. However, the following subclauses list requirements and recommendations for the
meaning of controller-device interface data. These recommendations should be followed
throughout any given Seriplex system.
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All signal meaning conventions shall be located within the first "word" of Seriplex data
(addresses 1 through 15); no conventions or requirements are given for the specific meaning
of signals with addresses higher than 16.

5.6.3 Address 0

Input signal 0 and output signal 0 shall not be used to transmit data among Seriplex devices.
Physically, clock pulse number 0 is not usable by Seriplex devices because its negative
transition, upon which data would be sampled, is not preceded by a positive transition; this
preceding positive transition would be necessary to instruct any signal-transmitting device to
assert a signal on the data line in advance of the negative clock signal transition.

5.6.4 [Muitiptex channet indication

Outputs| number 1 through 4 are used by a clock source to indi
channell to be updated within the current data frame. Output bit
CDR; sge 5.6.6.2.

hultiplex
ised by

Within § master/slave mode system, output signals 1 througting Ny other
purposg to preclude interfering with the multiplex channel indicatioQ\Wi -to-peer
mode system, neither inputs 1 through 4 nor outpujs™1 Jh\4 e used, gs these
signals pccupy the same clock periods.

The myltiplex channel indication is h the least-significant bit
corresppnding to output signal number 1 angd Qst=significantto output 4.

5.6.5 Data echo signals

Data edho provides a meihib i Mg-device to verify that a singleqbit data
signal hjas been received her~devig

/In this method, a device which feceives
a singletbit data signalxetra al back to the controller-device interface, freating
an "echoed" signal i i Qgical state of the received data. The| device

transmifting the AOrigi e echoed signal value to the original yalue to
determipe wheth ctly.

S ationship between the addresses of the original signal
and the|echoed s e mode. In master/slave mode, output signals apd input

signals roller-device interface timing; therefore, it is conceivgble that
signals ame address as the original signal.

® inction between output signals and input signals in peertto-peer
mode, g signal ot be echoed to its same address, since this would create a "fepdback"
condition avhich wowld latch the signal to a value of 1. Otherwise, the same requifrements
apply ag fer master/slave mode.

A device may invert the polarity of a signal before echoing it back to the controller-device
interface. This inversion should be a user-selectable feature.

5.6.6 Complementary Data Retransmission (CDR) signals
5.6.6.1 General

Complementary Data Retransmission, or CDR, is an optional method of verifying that a
received multi-bit signal’s value matches that transmitted by the signal’s source device. This
is accomplished by the source device sending an encoded version of the signal data along
with the normal signal data and the receiving device comparing the two values. If the encoded
value matches the original value, the data is accepted by the receiving device; otherwise, it
shall be rejected as described in 5.9.


https://iecnorm.com/api/?name=39e6b51421f3a0c575dd8b908ec1a28e

62026-6 O IEC:2001(E)

5.6.6.2

— 35 -

CDR signal address assignments

When selected, CDR is performed on individual bytes of input or output data. The original
data bytes shall be addressed on 8-bit boundaries, and shall fall within a 16-bit word which is

addressed on a 32-bit boundary (i.e., address 32, 40, 64, 72, 96, 104,...

used for the data word beginning at address 0. See table 5 for details.

Table 5 - CDR signal address assignments

)- CDR shall not be

Addr 0 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120
Data | Data | Data | Data | Data | Data | CDR | CDR | Data | Data | CDR | CDR | Data | Data | CDR | CDR

0 8 16 24 32 40 32 40 64 72 64 72 Siﬁﬂ 104 | 96 104

Addr 128 136 144 152 160 168 176 184 192 200 208 216 /\424 23 24D 248
Data | Data | CDR | CDR | Data | Data | CDR | CDR | Data | Data | CDR | C Dat bﬁ DR | CDR

128 | 136 | 128 | 136 | 160 | 168 | 160 | 168 | 192 | 200 | 192 0 4 \2{2 22l | 232

Each dpta byte’s corresponding CDR check value i

original|data value. For instance, the CDR check valyé for the
transmifted at addresses 48-53.

In multiplexed systems for which

broadcgsts the logical inverse (one’s\co

(outputd

1 through 4) at outputs 5

four addresses after the original bit.

R-€ ab od u&jevics to indicate detection of a CI

Input 9
error. S
output g
part of
reportin

Two adj
evaluati
rejected

5.6.6.3

ich CDR is not enabled may be used for normal data trans
CDR bytes.

fter the
32-39 is

source
ion bits

DR data
multiple
bd. This
Bvice is

of CDR
d to be

mission,

In addition to verifying the value of a data signal, CDR data encoding verifies the identity of a
data signal, i.e. it verifies the signal’s complete address as well as the data itself. This shall
be accomplished by encoding the data with values indicating the signal’s address, multiplex
channel and direction (input vs. output) according to the following formula:

c=d0Oe

where

c is the CDR check byte;
d is the original data byte;

e is the encoding byte;

O represents a bitwise exclusive-OR logic function.
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The original data can be recovered from the encoded data by applying the converse formula:
d=cOe

The encoding byte shall be formed by concatenating 4-bit codes representing a signal’'s
assigned address and multiplex channel, with the multiplex channel code also modified
according to whether the signal represents input or output data, according to the following
formula:

e =al|(m’ O io)
where

e is the_encoding byte:

a is the address code (4 bits);
m’ is thp multiplex channel code (4 bits);

io is the input vs. output code (4 bits);

“an

| dengtes a concatenation operation, with “a” occupying the fo
encqgding byte and “m’ O io” the least-significant bits.

its of the

The 4-bjit address codes (a) are listed in table 6. Thege a gure that encoding
will invdrt at least one bit of the original data, and ledve atlea jon-inverted.

Tab&’\ﬁxA esSs co eO

Starting address > \ Ad code

32 ( . \ 0001

40 U\ 0010

N RN A V]

72 L/ 0100

O S
g4 0110

2\ 128~ N\ 0111

\\\ 150 1001
168 1010
\\\/ 192 1011
> 200 1100
224 1101

232 1110

NOTE In this table the rightmost digit represents the least-signifi-
cant bit of the code; data is transmitted through the Seriplex
controller-device interface with least-significant bit first.

The 4-bit multiplex channel codes (m’) are listed in table 7. The designation m’ is used to
indicate that the multiplex channel code represents the logical inversion (one’s complement)
of the multiplex channel indication broadcast by the clock source. The rightmost digit
represents the least-significant bit of the code.
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Table 7 — Channel codes

MUX channel MUX code
m
0 1111
1 1110
2 1101
3 1100
4 1011
5 1010
6 1001 (
’ 1000 A<\‘
8 o111 { \| \/
- ITANNN
L PN
I S X
12 / N1 A \
E (o~
KT
N

The 4-Hi
most-significant bit of t
master/$

significgnt bit of the co

<

direction codes

e codes are selected to injert the

) if and only if the data rej

<\

ripl %ta transmission Input/output code
perati direction 110
/\}‘qer\@ Ea{ Inputs 0000
\P\e&wto\;{eer Outputs 0000
\ M}x@sla}e Inputs 0000
N
Master/slave Outputs 1000

For exa

resents
least-

a)

-

as master/slave mode output data at address 32 during multiplex channel
corresponding check byte would be formed as shown in figure 9.

Data byte (d) -

Address code (a) -

Check byte (c) -

1010 0011
0001 1100

1000
1011 0111

= Decimal 163

~ Multiplex channel code (m’)

~ Input/output code (io)

= Decimal 183

smitted
3, the

IEC 2474/01

Figure 9 — Check byte formation
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5.7 Signal addressing conventions
5.71 General
The following are recommended practices for the assignment of signal addresses to devices.

— Signal addresses from 0 through 15 should not be used to transmit I/O data within a
Seriplex system. These addresses should be reserved for designated system signals as
described in 5.6.2, as well as for other designated signals which may be incorporated
within future versions of the Seriplex standard specification. This convention still allows
the full 7, 680-bit multiplexed data capacity.

- Multi-bit srgnals should be assigned on address boundarres as descrlbed in 5.4.8. In

particuta WG hultiples
of 16

- The|signal address usage of devices should be allocated in po 16 bits;
speq , . : Jocated
addresses in 16-bit increments; 16, 32, 48, etc. Although thj m data
leng ‘ i yer.

If more gmit that

signal, any unused data bits should be assigned the s

Address

5.7.2

Multi-bit 8 Such data values shall be trapsmitted

least-sig 5 i s d to the

lowest address number a 'ned s [ & -signifi i respond

to the h 3

A sign Rit,

NOTE  Multi-bit di g si hat is; i ive single-bit si [ ingle device)

may be tjansmitted inany v { ja er should

remain fi \ bered so

that the Iqd

5.7.3

Multi-bit 5. skall "be \assigned contiguous signal address and be entirely trapsmitted

within a S change

during tf

Any deyicé.designed to transmit or receive a multi-bit data signal shall ensure that thie signal

is coherent, i.e. the entire signal is fransmitted and received within a single data frame and is
generated and used as a single unit. This requirement is intended to avoid data mismatches,
wherein two portions of a signal could be received as two separate objects with a change in
signal value occurring between transmission of the two objects.

Seriplex host interfaces should ensure data coherence for signal lengths up to at least 16 bits
(including CDR check information, if any).

No method of ensuring data coherence of signals longer than 16 bits is required by this
standard. Designers and users of devices and applications which make use of signals and/or
messages longer than 16 bits should provide their own methods to ensure data coherence
and should provide information as to the methods used.
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5.8 Operational characteristics
5.8.1 Controller-device interface initialization

Controller-device interface initialization and operation is controlled by a Seriplex system’s
clock source device. The conditions under which a clock source initiates controller-device
interface operation will vary among different systems, but shall be predictable and repeatable
for the application designer in all cases.

Before initiating Seriplex operation, a clock source shall first create a clock halt condition; i.e.
it shall ensure that the clock signal has been idle for at least the duration of the clock loss
detect time. This ensures that all I/O devices have assumed their default signal states and are
ready farnormal controller-device interface initialization to hpgin

The clgck source shall begin the controller-device interface ess by

transmifting a bus fault detection (BFD) pulse and performing the ag -device
interfacg fault tests. If the clock source detects a fault, it shall pulse,
and thep return to a clock halt state, i.e. it shall not transmit afy ctac p past the
duration of the clock loss detect time. This single clock pulse_e ices do not
see endugh consecutive BFD pulses on the data line to ifg mode

(see 5.10). Since this clock pulse corresponds to agd
during this pulse.

before th¢ BFD pulse instead of after, provided en idle for at least the duratjon of the

NOTE While not recommended practice, it is acceptable on\the cfog rce o transmit this single clock pulse
clock losq detect time.

If no cpntroller-device interface faults clock source, it shall begin

transmi ; ames. Upon the first negatiye clock
signal tnansition, all properl iplex devices shall begin theif normal
process [ ; ! g fox the sync period, for loss of the clock

5.8.2 Device i

All Seriplex devices defablt input and output data signal states upgn initial
applicatjion of Serjple ection of bus fault or undervoltage conditigns, and
upon amy other 3 grface initialization condition. All I/O devices’ pxternal

output $i theirdefault states (typically off or deactivated) undegr these
conditio]

On the i yalive o ignal transition following a clock loss condition, 1/O deviges shall
begin thei ocess of counting clock pulses and monitoring for the sync pefiod, for

loss of fhe clock signgb and for controller-device interface faults.

Output stave devites may monitor output data, but shatt ot change their extermal output
signals from their default "shelf" state, until they have detected at least five valid sync periods
and BFD pulses without loss of the clock signal. This is intended to allow controller-device
interface data and device logic conditions to stabilize before actual control activity takes
place, as well as to prevent improper transmission and reception of data should a device
become active during the course of a data frame instead of between frames. Similarly, 1/0
devices shall also withhold input signals (that is, to transmit only signal values of 0) upon
controller-device interface initialization until they have detected at least four valid sync
periods and BFD pulses.

NOTE 1 It is recommended for the master to withhold output signals (that is, to transmit only signal values of 0)
for the first four data frames upon controller-device interface initialization, for the same reasons as given for
withholding input data upon initialization.

NOTE 2 Seriplex version 1 1/0O devices were not required by specification to withhold and/or ignore data for any
period upon controller-device interface initialization.

NOTE 3 "Hot plugging”, the practice of connecting an 1/O device to a Seriplex cable while the controller-device
interface is operating, is not recommended.
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5.8.3 Normal controller-device interface operation

Normal Seriplex operation begins when all devices have completed their initialization
activities and begin reporting input data and responding to output data normally.

NOTE Normal controller-device interface operation typically begins with the fifth valid sync period following a
clock halt condition.

During normal controller-device interface operation, the clock source continually generates
data transmission frames by transmitting series of clock pulses separated by sync periods.
Input devices report controller-device interface input data, output devices monitor and
respond to output data, and the master monitors input data and reports output data, all
according to their assigned signal addresses and internal logic.

If signal ultiplex
channel itor this
indicatid

All devi iRterface
faults, U irements
of this gtandard. In addition, devices with CDR enabled shg a i monitor

for CDR faults, and respond as required.
Normal [controller-device interface operation ends wi G i k signal

or with cording
to the requirements of this document.

5.8.4 Bus Fault Detection

Each I/Q device on a Seriplex controlfer-deviceN
bus fault detection (BFD) pulse during e%s

6d. The BFD pulse is illustfated in
figure 1.

r \) N\
Data | < Data frame n|+ 1

1
f
Clock \/ | | | | B

Data | I \ x
| fofa | IEC 2475/01

Figure 10 — Bus Fault Detection pulse

If the BFD pulse is detected and the sync period ends normally, the 1/O device shall presume
that the controller-device interface is operating properly and allow output data received during
the previous data frame to be transmitted to its external output signals, subject to any other
fault-detection mechanisms which the device employs.

If the device fails to detect a BFD pulse during a sync period, the device shall recognize a bus
fault condition and its external output signals shall revert to their default or "shelf" state
immediately.

See 5.4.3 and 5.5 for details about the BFD pulse.

NOTE The bus fault detection pulse was not required for version 1 Seriplex systems and was usually not
provided by version 1 clock sources.
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5.8.5 Clock loss detection and response

During normal operation, each Seriplex device (including the clock source) shall continually
monitor the clock line for signal activity. If a device does not detect any clock pulses for the
duration of the clock loss detect time (f;0ss; Nominally 1,7 ms), that device shall recognize a
clock loss condition.

Upon detecting a clock loss condition, I/O devices shall assume their default state, wherein
external output signals are normally turned off. I1/O devices shall remain in their default states
until they have completed their own initialization activities upon controller-device interface
initialization.

The cloEk f ' f ra o] R begins the
controllg¢r-device interface initialization process. Upon detection of signal
transitign, devices shall begin their initialization processes. If thg - ecomes
inactive|again for the duration of the clock loss detect time beforedinitiahzatign 'is Spleted,
devices|shall remain in their default states without ever beginnjng Y ati and the
controll¢r-device interface initialization process shall be restart

Upon de¢tecting or asserting a clock loss condition, the clo fra 3 mission
of data through the data line, and shall not attempt toAranswitthe bast the
duration of the clock loss detect time. Following this pexjod fransmit

one-half a clock pulse followed by a BFD pulse K forthe“\preserice of controllef-device
interface faults. If a controller-device jin ; ed, the clock source ghall not
attempt ‘ &r/BED pulse for at least the Huration

of the c

The clo ntroller-
device ns. The
clock sd of once
per clod

If at an han the
maximu h of the
clock lo mission
of the c

NOTE n may be
asserted

5.8.6

5.8.6.1

The follpwing subclauses describe methods for the detection and reporting of discrgpancies
between a signal’s value as transmitted by one device and that received by another device.

Digital debounce provides a method for a signal-receiving device to detect and filter errors in
single-bit data transmissions.

Data echo provides a method for a signal-transmitting device to verify that a single-bit data
signal has been received correctly by another device.

Complementary Data Retransmission (CDR) provides a method for a signal-receiving device
to verify that a multi-bit data signal has been correctly received.
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5.8.6.2 Digital debounce

Digital debounce provides a method for a signal-receiving device to detect and filter errors in
single-bit data transmissions. A device which employs digital debounce shall not respond to a
momentary deviation in a received signal’s value.

In this method, the receiving device compares a single-bit signal value received from the
controller-device interface with the values received in a designated number of preceding data
frames. If the data values are not identical, the device shall hold its internal logic signal at its
most recent state. The device shall only change its internal logic state if the data received
from the controller-device interface remains at the new logic state for the required number of
data frames.

The number of data frames for which a signal value shall be identicalfor a
its logic| state is called the "debounce length". All devices shall off

as well [as the ability to disable the digital debounce feature.
signals may be verified through use of the CDR feature instead\of digi

Figure 11 depicts the state of a device’s internal logic
for debqunce lengths of 2 and 3.

Bus signl 000010110’1\ /1\0\10010C00
Frame n L TN RO ROV Ve T
Debouncadsigna|000000(\)\111 1 11 1]j0 0 0 4 0 O
Debounce Igngth = 2
Debounckd signal 00
Debounce Igngth = 3

IEC 2476/01
NOTE [he respon debounce
length * flame period.
Upon ¢ h in its
default $ ange of
state.
5.8.6.3
Data edho provides a’method for a signal-transmitting device to verify that a single{bit data

signal Has/been received correctly by another device. This feature provides both message
acknow! Hicat

In this method, a device which receives a single-bit data signal retransmits that signal back to
the controller-device interface. For example, a discrete output device such as a valve may
echo its control signal back onto the controller-device interface as an input signal.

The device which transmits the original signal can compare the echoed signal value to the
original value to determine whether the data has been received correctly. The echoed value
may be complemented (inverted) to provide additional assurance that the data line is not
being continually driven to a high- or low-logic state.
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There are no explicit requirements for the relationship between the addresses of the original
signal and the echoed signal in master/slave mode. However, in peer-to-peer mode a signal
shall not be echoed to its same address, as this would create a "feedback" condition which
would latch the signal to a value of 1.

There are no requirements for a transmitting device’s behaviour upon detection of a data echo
error; this behaviour shall be determined by the designers of individual applications.

NOTE 1 The receiving device does not obtain data verification through this method, so the transmitting device is
responsible for error detection, reporting and response.

Seriplex devices need not offer the data echo feature.

NOTE 2 |A single-bit output device should offer data echo of its primary control signal as A user-selectable option.

5.8.6.4 Complementary Data Retransmission (CDR)

Complementary Data Retransmission, or CDR, is a method of verifyi ivgd multi-
bit signal’'s value matches that transmitted by the signal’s souree dewice, RhisN plished

) 3/ON i normal
ed value matches
it is rejgcted as

signal data, and the receiving device comparing the two vé
the origjnal value, the data is accepted by the recei
described in 5.9.

When (DR is enabled for a given signa etransmitted as d¢scribed

in 5.6.6

NOTE 1 |CDR may be used for both input and output da i o-peer and master/slave modgs. It may
be applief to either individual bytes of data of to 16-bit W S e pairs), as described in 5.6.6. CDR may be
applied independently to input and output signa s shéring dress, as well as to signals sharing|the same
address Rut assigned to different i 3 ehded practice for devices to offer all of these

options a$ user selections, as

All Seriplex devicgs i i WUMN-bitNsignals shall provide CDR verification capability
and shall respo* ¢ ifi . In addition to numeric signals, CDR
capability shall bevprg iscrete output devices which do not support digital
deboun

1/0 dev shall detect and respond to CDR errors as defined in 5.9.
Devices " capability (see 5.9.2.10) and selection of defaulf output
states. aII be reported to input 9, as described in 5.9. Methods for
selectio are not specified in this part of IEC 62026.

NOTE 2 i ed for the enabling of a device’s CDR feature to be user-selectable. Although|there are
Nno require thod of enabling and disabling CDR, the most common method for Seriplex I/D devices

is addresg-assignment. For example, assigning a block of 32 addresses to a 16-bit input device would fllow it to

transmit its—-CDR check bvties whereas-assigningonh 16 addresseswould prevent CDR transmission
J 7 4 ) Y 134 T

5.9 Fault responses
5.9.1 I1/0 device faults and responses
5.9.1.1 Bus fault

Upon detecting a bus fault condition (immediately on detection of a missing BFD pulse), an
I/0O device’s external output signals shall revert to their default or "shelf" state.

NOTE The default state corresponds to an "off" or deactivated state for most Seriplex /O devices.

Once it has detected a bus fault condition, an I/O device shall be re-initialized before it shall
resume normal operation. The I/O device’s signals shall remain in their default states until all
controller-device interface and /O device initialization procedures have been completed upon
controller-device interface re-initialization.


https://iecnorm.com/api/?name=39e6b51421f3a0c575dd8b908ec1a28e

_ 44— 62026-6 0 IEC:2001(E)

5.9.1.2 Power loss and undervoltage

Each 1/O device within a Seriplex system shall monitor for controller-device interface voltage
below the specified minimum operating voltage. Upon detection of an under-voltage condition
of the power line, an 1/O device’s external output signals shall revert to their default or "shelf"
state.

NOTE The default state corresponds to an "off" or deactivated state for most 1/0.

Once normal power has been restored to an 1/O device following an under-voltage condition,
the device shall be re-initialized before it shall resume normal operation. The /O device’s
signals shall remain in their default states until all controller-device interface and /O device
initialization procedures have been completed.

5.9.1.3 Data validation error (CDR fault)

Seripleq output devices which receive multi-bit signals shall provid etect a
data validation error, through use of the Complementary Data R feature.
Any migmatch between a signal byte’s CDR check byte as r& ntroller-
device interface and the corresponding check byte calculated shall be
recognized as a CDR error.

An output device’s default response to detection of orce its

external output signals to their default or "shelf" le; thig wi gnd to a numeric value
of 0 for most multi-bit signals.

By defallt, an output device shall respond i

NOTE 1 |[It is recommended that devices also provide use 5 to other
predefine Fror.

NOTE 2 [It is recommended that owgp s 3 ser-selectable option to temporarily "rid¢ through"
a CDR effror. That is, the outpu e A id Signal value until either it receives andther valid
transmissjon, or until some jpre-d S ive invalid transmissions has been receiyed. Upon

detecting| the maximum nymb i i 8 ansmissions (typically 3), the device will recognize a Data
Validatior] Fault, and will re
SeripleX @ S tection is enabled shall provide the capability to turn

on Serif

NOTE 3 i S S 5 pot provide a direct means to detect the individual signal |or device
which exyg d ) detection shall be performed by the control application.

A data g state forva given output signal shall be cleared upon detection of|a single
valid trgn i ignal. At that time, the signal value shall be accepted by thg output
device hoth éxternal circuitry and for its last valid signal state, that signal’s "ride-

through( count
validatig

8 cleared to 0 if used and the output device shall stop asserting the data

5914 Data echo error

A data echo error is a mismatch between a data signal and its echoed value, as defined in
5.8.6.3. This part does not specify requirements for a device’s response upon detection of a
data echo error; this response may be defined by an application designer as appropriate.

NOTE In most cases, data echo is evaluated by a controller rather than an 1/0 device.

5.9.1.5 1/0 device fault

A Seriplex 1/0O device may respond to fault conditions internal to that device in any manner
deemed appropriate by the designer of that device and the designer of the application in
which the device is installed.

NOTE It is recommended practice for I/O devices not to interfere with operation of the controller-device interface
to the extent possible under device fault conditions. It is also recommended practice for I/O devices’ signals to
assume their default states upon detection of an internal device fault, to remain in this state until the internal fault
has been cleared and to require complete device reinitialization before resuming normal operation.
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5.9.2 Clock source faults and responses
5.9.2.1 General

The following subclauses list fault conditions which a Seriplex clock source shall monitor and
the required clock source responses to these fault conditions.

NOTE 1 It is recommended practice for a clock source to withstand any controller-device interface fault without
incurring physical or permanent damage.

NOTE 2 The clock source might not directly detect the presence of controller-device interface faults at remote
locations. For example, a clock source might not be able to detect the presence of a short-circuit between the data
and power lines through 1 000 m of cable due to the resistance and voltage drop through the cable. Other methods
should be employed to detect conditions such as excess time constant at locations remote from the clock source.

5.9.2.2 General clock source fault response

Except Where specifically noted, the clock source shall cease transpriissi k signal
immediately upon detection of any of the Seriplex controller-device, i ditions
listed bglow. This effectively halts transmission of data.

Upon inftial detection of a fault during a sync period when ace has
been operating normally, the clock source shall not trz Se & of that
sync period, and shall not transmit any clock pulses/for at Ie ati bck loss
detect time.

Once the clock loss detect time has<{elapsed withput tangs'n of any clock pulses, the
clock spurce may attempt to restar i interface, according tp 5.8.2.

Subseqpent attempts to restart the ce inferface following detectign of a
controllg¢r-device interface fault will requi Wission Qf a single clock pulse betwden BFD
pulses, i

The clogk source ma | : iti [ ini i on of a
controll c chi source’s

design and user ntroller-

device interface

5.9.2.3

All Seri gsible to
drive th ing each
sync pep with the
requirer

If the clpck 'sourceNs ot able to drive the data line to both high- and low-logic states) it shall
recognize.@’data line fault condition. Data line faults may include both data stuck High and
data stuck Tow condifions.

5.9.2.4 Clock line faults

All Seriplex clock sources shall continually monitor the clock line to determine whether the
clock line is changing logic states in accordance with the clock source’s commands. If the
logic state of the clock line fails to match the commanded state (with allowance made for
capacitive signal delays), the clock source shall recognize a clock fault condition. Clock fault
conditions may include clock stuck high, clock stuck low, and clock loss.


https://iecnorm.com/api/?name=39e6b51421f3a0c575dd8b908ec1a28e

- 46 - 62026-6 O IEC:2001(E)

5.9.2.5 Clock-to-data short

All Seriplex clock sources shall continually monitor for the presence of electrical short-circuits
between the Seriplex clock and data lines. A test for this condition shall be performed at least
once per data frame.

NOTE The exact method for detecting this fault is not specified within this standard. However, one possible

method is to measure data line current during the BFD pulse, to detect the excess current which would be fed from
the clock line to the data line during a short-circuit condition.

5.9.2.6 Excess data line capacitance

All Seriplex clock sources shall continually monitor for excess time constant on the Seriplex
data lineg-

NOTE [his test is intended to detect the excess time constant effect, wherein the/data i recharge
fast enough to prevent false data readings. This effect usually results from operatingthe_conftxoll interface
at a clock|rate which is too fast for the amount of cable and/or quantity of 1/O devices i

The exdess time constant test shall be performed during each RELI00 g the logic
status df the data line one-half clock period after the posi i bulse. If
the measured data line voltage is not greater than th cified in
table 1( by this time, the clock source shall recognize a

The clogk source may indicate the excess time oller by

3

any means deemed appropriate by the glock sos 5.

5.9.2.7 Power supply monitoring

All Seriplex clock sources shall cont|
whether |t is above the spe
the spe¢

eriplex power voltage to dgtermine
i is below

5.9.2.8

There gre no exp Ui i a clock
S source’s

Other ty ata line
overcur

It is rec ¢ signals
upon rgcoghition any controller-device interface fault condition. However, it may be

acceptaple, for clock”source designers to provide a user-selectable override featurp which
would ajlow the clock source to continue normal operation in the presence of any optionally-
detected controller-device interface fault, provided that the application designer has
determined that such a fault cannot cause unintentional equipment operation.

5.9.2.9 Internal faults

There are no requirements for types of internal clock source faults which shall be detected by
a clock source. However, the types of faults detected by a clock source and the clock source’s
responses to those faults shall be provided by the clock source manufacturer.

NOTE Types of internal faults which may be detected by a clock source include internal RAM failure, internal
watchdog fault and host watchdog fault.
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It is recommended practice for the clock source to cease transmitting clock and data signals
upon recognition of any internal fault condition. However, it may be acceptable for clock
source designers to provide a user-selectable override feature which would allow the clock
source to continue controller-device interface operation in the presence of some types of
internal clock source faults, provided that the application designer has determined that such a
fault will not cause unintentional equipment operation.

5.9.2.10 Data validation error (CDR fault)

Host interface devices shall provide the capability for a controller to detect an input data
validation error, through use of the Complementary Data Retransmission (CDR) feature
defined in 5.8.6.4. Any mismatch between an input signal byte’s CDR check byte as received
through[the controller-device interface and the corresponding check byfe calgulaieq by the
master pr host interface shall be recognized as a CDR error.

CDR erfor detection should be performed within the interface, rathex tha i bister.
Host inferfaces shall also provide the capability for a contraqlle QM put data
dication

validatign error based on the state of controller-devieg i B i This in
mechanlLsm does not provide a direct means to detec tdi or devige which
experie

By defqult, an interface and/or contiqller shgd S e upon
detectign of either an input or output €DR

It is redommended practice for host i fo allow
continuged operation in the presence applied
indepen

By defdult, an interfade_and a CDR
error.

Itis rec lectable
option t ﬂid input
signal v til some
pre-detd cltive invalid transmissions has been received. Upon
detectin s of invalid data transmissions (typically 3), the hdst shall
recogniz and shall respond accordingly.

A host inti€ate a data validation fault condition to a user or to a contfoller by

A data ‘alidatienfaultstatefora—giveninputsigral-shal-be-eleared-upon-detectionofa single
valid transmission of that signal. At that time, the signal value shall be accepted by the host
both for use by its logic processing and for its last valid input signal state, that signal’s "ride-
through" count shall be cleared to 0, if used, and the host interface shall stop asserting its

data validation fault programming indication.

5.9.2.11 Data echo error

A data echo error would typically be defined as a mismatch between a data signal and its
echoed value, as defined in 5.8.6.3. Typically this error would be detected and responded to
by application logic within a controller. It is conceivable that data echo errors could be
detected by a clock source such as a host interface device, but this part of IEC 62026 does
not specify any means by which original and echoed signal addresses and polarities are
matched.
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This standard does not specify any requirements for a host’s response upon detecting a data
echo error; this response may be defined by an application designer as appropriate.

5.10 Device programming

The following are basic requirements and recommendations for Seriplex device programming.
Device manufacturers may specify additional programming requirements.

« The operation of the Seriplex clock source, I/O devices, the Seriplex power supply, and or
the controller-device interface itself shall not unintentionally place I/O devices into their
programming mode, nor write configuration data into I/O devices.

* Programming of multiple Seriplex 1/O devices simultaneously through the same Seriplex

cablgis not recommended, nor is programming a single [/JO device while ofRer devjces are
connected to the same Seriplex cable.

« Thefe are no requirements, restrictions or conventions for progpdmini ices by
methods other than through their Seriplex connection ports.

« The|programming sequence shall begin at least 100 ms after stabilizgti Seriplex
power voltage. By this time the device shall complete gny pnd any
other necessary processing.

« To place the Seriplex device into its programming mod x device power shall

be within the range of 15 V to 16 V d.c., the 3igna ain idle for [at least
40,5 ms and the Seriplex device shall detect Hiye fransitjons of the data sigrjal while
the ¢lock signal is held at the high J6gic sta i é‘ s waiting period.

« The|state of the data line upon the6th \qe s transition of the clock signal determines
whe 3 i ill be performed.

e Seri tonor out of the Seriplex device's memory
throtigh the clock and data lines-

e Whgn the EEPROM write d . gfully received by the Seriplex deyice, the
Seriplex device sha i holding the data line low until the EEPROM

writihg operation ha
6 Prdduct info: ¢

Productjon infgrmsa inacdordance with IEC 62026-1.

7 Noi ounting and transport conditions

71 G

All Seriplexsdevices shall meet the minimum requirements for electromagnetic compatibility
and envi iti ifi T =t iti frements
specified below.

NOTE If the conditions for operation differ from those given in this standard or by the manufacturer, the user
should state the deviation from the standard conditions and acquire an agreement with the manufacturer on the
suitability for use under such conditions. Information given in the manufacturer’s catalogue may take the place of
such an agreement.

7.2 Ambient air temperature

Seriplex components shall operate between the ambient temperatures of —20 °C to +60 °C if
not otherwise specified, with the exception that the cable shall operate correctly at
temperatures up to 75 °C.

The operating characteristics shall be maintained over the specified range of ambient
temperatures.
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7.3 Humidity

All Seriplex components shall be suitable for operation when the relative humidity (RH) of the
air is 95 % or less, non-condensing. Special measures may be necessary in cases of

occasional condensation due to variations in temperature.

7.4 Conditions during transport and storage

The storage temperature range shall be —40 °C to +85 °C unless otherwise specified by the

manufacturer.

7.5 Mounting

Mountinlg dimensions and conditions shall be in accordance wit
specifications.

7.6 hock

In accordance with |IEC 60068-2-27 (30 g shocks in ea
perpendicular axes, 11 ms duration, half sine pulse shapek

7.7 Viibration

dcturer’s

ee mutually

In accorldance with IEC 60068-2-6 ( j Mz in each of three mutually

perpendi
frequengi

8 Col

8.1 Seriplex power

The Seri
i.e. fort

30 min dwell at fesonant

e itself,
X power

supply prowdes a 2 X power
supplies

NOTE s, so that
an 1/0 fal er-device
interface.

The cof 9 positive
voltage ed to\the power conductor and the negative lead connected to the ¢ommon
conduclr upply requirements are summarized in table 9.

Table 9 — Seriplex power supply requirements

Characteristic Value
Maximum voltage 30,0 V d.c. (including ripple)
Minimum voltage 19,2 V d.c. (including ripple)
Maximum ripple 2,0 V peak-to-peak, 47 Hz to 378 Hz
Minimum hold-up time Application-dependent
Maximum rise/fall time 1 data frame period

Seriplex power supply voltage shall not be within the range of 15 V to 19,2 V d.c. for longer
than 100 ms, because that is the EEPROM programming voltage range of the Seriplex device.
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Seriplex power supply current output requirements are dependent upon the current
requirement of Seriplex devices installed within a given system. The Seriplex power supply
shall be capable of providing sufficient current to drive the Seriplex power loads of all
connected devices while holding Seriplex power voltage and ripple within the specified levels.

Seriplex power supply input or line regulation requirements are not fixed. However, the
Seriplex power supply shall be capable of holding Seriplex power voltage and ripple within the
specified levels at the rated load specified by the manufacturer.

Seriplex power specifications shall be met at all device connection points within a system.
This implies that the Seriplex power supply voltage shall be set to a sufficient level to
compensate for any voltage drops which may exist through the cable.

8.2 Plower distribution

The Sel Mgh the
Seripleq cable to all connected devices. In cases where the ygltage e cable
would r i outside
the spegified levels, it may be necessary to install multiple ies |within a

single Seriplex system.

In systgms where multiple Seriplex power supplies(are/us correct voltage to all
devices| the recommended practice is to connect bgether,
but to peparate the power conducto common

conductiors provides a common referenge ' Hifferent
supplieg’ power conductors serves two p 3£ S%

— it eljminates the possibility of "cd sted to

identical voltage levels;

- it may allow portiops of Seri gntinue operation despite the failire of a
sing il not be exerting a load on the othgr power
SUpq

NOTE 1 \ alse/be used to provide redundancy, to allow the controller-devicqg interface

to continy & { of a\powef supply. In this case the recommended practice is to connect all

redundan ¢ es’ pusitive conpductors to the power line through isolating diodes thus prgventing a

failed sup| \ d

NOTE 2 G D supplies’ positive conductors directly to the same Seriplex power line is not

recomme

8.3 Isola

Seripleq 1/Q devites 4dnd clock sources shall isolate their external input and output| signals
from thg Seriplex power and signals except as specified by this part of IEC 62026.

Isolated devices shall be capable of withstanding 500 V a.c. applied between the Seriplex
conductors and any I/O connection points for a minimum of 1 s.

Seriplex power may only be used by circuitry other than controller-device interface circuitry
under the following conditions:

— such circuitry is isolated from any other power source or supply circuit;

- the load presented by the device to the Seriplex power supply during normal operation
does not vary by more than 100 mA, including changes induced by changing signal states.

Any internal device power supply which draws current from the Seriplex power supply shall be
overload-protected so that a short or overload condition on the device supply’s output does
not result in excessive current consumption from the Seriplex power supply.
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The following devices shall isolate controller-device interface connections from their external
I/0O signals:

8.4

incandescent lamps.

Data line characteristics

large inductive loads such as contactors, solenoids, etc.;

switches and sensors which make use of another power source such as 120 V a.c. or
another 24 V d.c. supply;

The data line is driven by a 30 mA current source within the clock source, as shown in
figure 12, so that it normally resets at a "high" logic level of approximately 12V d.c. as

referen

Table 10 — Data line characteristics (\

ed 10 The common line. Data line characteristiCs are summarized in ta 10,

Characteristic

Minimum omina \Qllax m
High signal voltage at clock source 11,4V d.c> 1 d.c\ 14y d.c.
High signal voltage at 1/0 device a,zy(d.c. T4y . \ Y Vd.c
Source current _\2{ mAQ }xmﬁ\/ 33 mA
High logic threshold /\& %7 v }z(c{ 75 Vy.c. 8,25V d.c.
Low logic threshold NN [Arvak! {a0Vae  [33vade
1/0 device leakage current (at logic IQ}& 10,%\{A 2 pA 15,7 pA
Input current consumption (at logic 6igh)(-\ —S - 12 pA
Data driver on-state ¥oltage 9@%2\33 }NQ\ 0\%1\{ - 0,7 Vd.c.
Data line
>
Data L ’__| > /0
drive _| e device To other
transistor r L] | devices
>l
1
>»
Common line
IEC 2477/01

Figure 12 — Data line diagram
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The data line is low-true; a logic high level corresponds to a data value of 0, and logic low
corresponds to a data value of 1. The data line rests at the logic high or 0 state and is pulled
to logic low when a device asserts a data value of 1 for a particular signal.

Data line logic thresholds incorporate hysteresis to protect against spurious changes in logic
state induced by electrical noise or signal reflections. When a device has sensed a high logic
level on the data line, the data line voltage shall drop below the low logic threshold (V|qy) in
order for that device to sense a logic low condition. Similarly, when the data line has been
sensed as low, it shall exceed the high logic threshold (Vhign) before being sensed high. See
figure 13.

Data
line \ / \

Vhigh \4

R

V|0W

Controller-device interface/0qta is-sa n of the
clock signal within each clQck pgriod. Ngs he data
frame i ignored by all [d 3 ing t

The data line @u
consisting of the

current jsource, the, €
charge the data li
connectled devi

ta line,
N by the
eCharges at a nearly linear rate. The time required to
reshold determines the maximum clock rate, nymber of

Each I/ ise shalRconnect a 1 MQ pull-up resistor between the data and powerl|lines to
ensure that, ilthe/event of an open data line, the device’s data line connection is pulled to a
high logji e ans that each I/O device contributes approximately 12 pA to the data
line curf any device which pulls the data line to a low logic state.

8.5 Clock line characteristics

The clock line is driven by a "totem-pole" driver circuit within the clock source, as shown in
figure 14, so that it oscillates between common (0 V) and 12 V d.c. Clock line characteristics
are summarized in table 11.
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Table 11 - Clock line characteristics

Common line

Value
Characteristic
Minimum Nominal Maximum
“High” signal voltage at clock source 11,4 V d.c. 12V d.c. 14 V d.c.
“High” signal voltage at I/0 device 8,4V d.c. 12 V d.c. 17 V d.c.
“Low” signal voltage at clock source 0Vd.c. - 0,7 Vd.c.
Source current (high) - 150 mA -
Sink current (low) - 150 mA -
High Ingin threshold 8675\ dc 75\ dc 825\ dc
Low logic threshold 2,7V d.c. 3,0V d.c, \ 3,3V dhe
/0 device leakage current (at logic low) 10,8 pA 12}4\\ (@ A
Input current consumption (at logic high) - \ \ \ 1)\{A
Duty cycle 49 % < 50 \ \5{%>
N
+V
Clpck high L
drive _|I‘$
trgnsistor r
Clock Q(\El\ .
source \/> @ » -
Clpck low \
drive :!>_ 110 \ To gther
transistor device devices
>»

IEC 2479/01

Figure 14 — Clock line diagram

The clock line oscillates with a 50 % duty cycle, at the designated clock rate for a given

system.

Clock line logic thresholds incorporate hysteresis to protect against spurious changes in logic
state induced by electrical noise or signal reflections. When a device has sensed a high logic
level on the clock line, the clock line voltage shall drop below the low logic threshold in order
for that device to sense a logic low condition. Similarly, when the clock line is sensed as low,
it shall exceed the logic high threshold to be sensed high (see figure 13).

The clock line normally rests at a high logic state during the sync period and at other times

when the clock signal is halted by the clock source.
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Each I/O device shall connect a 1 MQ pull-up resistor between the clock and power lines to
ensure that, in the event of an open clock line, the device’s clock line connection shall be
pulled to a high logic state. This means that each I/O device contributes approximately 12 pA
to the clock line current seen by the clock source when it pulls the clock line to a low logic
state.

8.6 Seriplex cable topology

There are no requirements for the topology of the Seriplex cable within a system, nor are
there fixed limits for the total length of cable or number of nodes within a system. Cable
length and node limits are determined by a system’s clock rate and the total data line
capacitance within a system.

Cable tppology may be of any type. Recommended topologies are daij i ink and
drop (s¢e figure 15), since their performance is most predictable ard €ast terized.
Each drpp length in a trunk and drop or loop system should be limitg

Daisy chain

Trunk/Drop

IEC 2480/01

ed Seriplex topologies

Other topologies ; p, it is the user’s responsibility to determing that a
system gnditions. Examples of other topologies are shown in

figure 16.

Tree

S <9 9P 99

R i
O

S L b &l

Combination D

(g | (I
T T .
Star D—<

—r—]
= I L4 OO

IEC 2481/01

-
C

| —

Figure 16 — Other controller-device interface topologies

The maximum length of cable and the maximum number of nodes which may be connected to
a single Seriplex cable are interdependent and are determined by the following factors:
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— clock rate;

- data
- data

- data

source current;
line capacitance per unit of cable;

line capacitance per connected node;

— clock and data line resistance per unit of cable;

- power and common line resistance per unit of cable.

8.7 Cable specifications

The following subclauses list characteristics of methods and devices used to physically

connect

Cables
density
polyestd
jacketed
polyethy

be cont
followin

NOTE

In the @
located

All con
strand

Genera

o HP | =i H NS H ] H Y SN o H | r
OUTITTYICTA UTVILT O AdlTfu tU LUTIVT Yy olylidalo Wil a OCTIYITA S yolTIIT.

shall consist of either four or six power/signal conductors, edch 'in with high-
foam-polyethylene (HDPE). Additionally, each cable shall inium/
r foil shield and either a 0,344 mm? drain wire or braid shield. all be
overall with either orange polyvinyl chloride (PVC) o/ fo s, black
lene.

The fouy primary Seriplex conductors (power, commo re shall
hined within the shield. The cable lay-up shdll be a\10 with the
j order: power, data, common, clock (see figure(1
[his lay-up order reduces coupling be
ase of six-conductor cables, the shall be
outside the shield but within the
tituent wires shall 2. Each
hall be tin-coated{ softanfneated

izeand characteristics
\ W%{si\z\ Construction
N4WZM@QZQ/)/ 7 strands x 0,25 mm
< \&\785\$QITI\Z\(~MV/G/18) 16 strands x 0,25 mm
\,ZKmrT\l}(AWG 16) 26 strands x 0,25 mm
1,\1\28 mm? (AWG 14) 19 strands x 0,35 mm
3,181 mm? (AWG 12) 65 strands x 0,25 mm
electrical characteristics common to all Seriplex cables are as specified in tabje 13.

Table 13 — General Seriplex cable characteristics

Characteristic Value
Working voltage 300V
Dielectric strength (primary conductors) 5000V d.c.
Dielectric strength (1/0O+ and 1/0O- conductors) 1500 Vd.c.

Ground capacitance is specified for each of the two-signal conductors (data, clock), and is
measured for each individual conductor with respect to all other conductors (i.e., with all other
conductors shorted together). Table 14 lists these parameters.
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Table 14 — Seriplex cable specifications

First pair Second pair . . Grounded .
(no?nli)nal) Shield and | size (power, size (data, Th|;i0|z£a|r capacitance Pr‘c:gla;%?ttlon Cable
drain common) clock) (second y features
mm 2 2 1/0+, 1/0- . m/ns
mm mm pair)
9,14 Foil with 1,276 0,344 N/A 52,5 pF/m 0,234
0,344 mm?
9,52 Foil and 1,276 0,344 N/A 52,5 pF/m 0,234
braid
9,14 Foil with 1,276 0,344 N/A 52,5 pF/m 0,234 Direct
0,344 mm? burial
jacket
0,9x892 || Foil with 1,276 0,344 3,191 mm? 52,5 pF/ 0,23
0,344 mm? AN (\Q
115 % 8.92|| Foil with_ 1,276 0,344 1,828 mm? 52,5pF/ %Qy{&\/
0,344 mm ’
/\ >
11,2 x8.92[| Foil with 1,276 0,344 1,276 mm? 25p Negd
0,344 mm? /\ st
7,62 Foil with 0,785 0,344 N/ &*@ | 0,234
0,344 mm? \\QQ
7,87 Foil with 1,276 0,344 N/A N&2,5 pRa’ 0,234 PTFE
0,344 mm? (\ (,/Q coated
10,67 x Foil with 1,276 A AN 0,234 PTFE
7,87 0,344 mm? coated

&S

Common (black)

Power (red)

Data (white)

Figure 17 — Four-conductor Seriplex cable

IEC 2482/01
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1/0+ (red with
white stripe)

~— Quter jacket
Clock (blue) Power (red)

Drain wire

Common (black) Data (white)

1JO- (black with
white stripe)

IEC 2483/01

nductor Seriplex cable

8.8

8.8.1

The ope he Seriplex system shall be maintained at the relevant levels
of electt (EMC).

All emidsi tests are type tests and shall be performed under representative
conditio Eeo) gtional and environmental, using the recommended wiring practices and
includin g@/ quipmé&nt necessary for communication and data transfer.

This requirement can be met by the use of one master, one slave and one Seriplex power
supply.

A 100 m length of cable shall be used for the Seriplex line unless otherwise stated in the test
instructions.

8.8.2 Immunity
8.8.2.1 Performance criteria

The test results are specified using the following performance criteria.

Criterion A: normal performance within the specification limits and statistical maximum of one
disturbed transaction per 30 transactions during the test stress periods.
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Criterion B: during the tests, a temporary loss of the data communication may occur;
thereafter, the device shall continue to operate as intended. No change of actual operating
state or stored data shall occur.

The Seriplex device to be tested shall have all the essential design details of the type which it
represents and shall be in a clean and new condition.

Maintenance or replacement of parts during or after a testing cycle is not permitted.

8.8.2.2 Electrostatic discharge (ESD) immunity

The test shall be performed in accordance with IEC 61000-4-2.

10 positIive and 10 negative pulses shall be applied to each selected pgint

The tes ',>es with

metallic

The tes es with

non-me
Perform

8.8.2.3

The tes

The freg
Perform
8.8.2.4
The tes

The min

The freq

Performfance criterion A shall apply.

NOTE The operating environment of these devices using Seriplex power supplies is considered to be well
protected against conducted radio frequency disturbances.

8.8.2.5 Fast transient immunity

The test shall be performed in accordance with IEC 61000-4-4, as follows:
a) at a minimum test voltage of 1 kV;
b) at a minimum test voltage of 2 kV.

The test voltage shall be applied by the capacitive coupling clamp.

For test a), performance criterion A shall apply.

For test b), performance criterion B shall apply.
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8.8.2.6 Surge immunity

Seriplex field devices shall not be tested for surge immunity.

The Seriplex power supply shall be installed in such a way that it is not subject to line surges
on the output side.

NOTE The operating environment of these devices is considered to be well protected against surge voltages
caused by lightning strikes.

8.8.2.7 Immunity to voltage dips

Seriplex field devices shall not be tested for immunity to voltage dips.

8.8.3 Emission

8.8.3.1 Conditions during measurement
The me 5, which
produces, in the relevant frequency band, the highest emission ec : ications.

Each measurement shall be performed in defined and reproduci
Additiorjal information needed for the practical applcatj art.

8.8.3.2 Emission limits

The enission of the Seriplex device R 11 for

class A group 1.

9 Tests

9.1 Supplyp

Reverse
Verify th

9.2 P
9.21

Measur¢ the.outpu
30V, ingluding ripple.

the Seriplex power supply to verify that it is within the range 19,2 V to

The peak shall be less than 30,0 V, the minimum shall be greater than 19,2 V and the ripple
shall be less than 2,0 V as specified in 8.1.

9.2.2 Current

There is no minimum current requirement for a Seriplex power supply therefore no test is
required.

NOTE For any system there should be sufficient current capability to supply current for all attached devices.
Multiple power supplies may be used (see 8.1).
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9.2.3 Rise and fall times

Verify by examination of the waveform that the rise and fall times of the power supply are less

than one frame time.

The minimum frame time is as follows:

15,5 clock cycles at 200 kHz + 82 ps minimum sync time = 162,5 us (mode 1).

The maximum frame time is as follows:

(256 x 2 + 8) clock cycles at 10 kHz = 52 ms (mode 2)/

9.3 Clock source
9.3.1 Power consumption

Current| consumption for the clock source is not specifie
consumption shall be identified for the product in order that\
specified and to make voltage drop calculations. T
clock saqurce shall be measured and shall be withi
(see figure 19).

O NN
lock
10 ce \Q/PQ\W = m +
_§x4nmon U

< Shield
DN

\) IEC 2484/01

onsumptio
by the mandfacturer

Figure49 - Circuit for verification of clock source power consumption

current
orrectly
h of the

9.3.2 Clock signal
9.3.2.1 General

Measure the clock signal generated by the clock source.
Connect as shown in figure 20.

See figure 21 for the waveform.
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Oscilloscope

@ =S

+\_/_

L GND
CH1®@ © CH2 ©

Data
Clock
Power
Clock source Common
Ol o1l
DTITCTU

Figure 20 — Connections for clock signal tgs

2485/01

Sync period

Duty cycle = time high/tgock

9.3.2.2 Mini

Set the lock source
Measur

Verify thz

Measur

Verify thatthe duty cycle is 50 % = 1 % as specified in 8.5.

Frame /\ X~
Use tmﬁ\\gﬁ\})

Sync perio

IEC 248

Measure the sync period.

Verify that the sync period is greater than 82 pus and less than 1 ms as specified in 5.4.2.

9.3.2.3 Maximum frequency setting

Set the clock source to the maximum frequency setting.

Measure the frequency of the clock signal excluding the sync period.

Verify that the frequency is less than or equal to 200 kHz as specified in 5.4.5.
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Measure the duty cycle of the clock signal excluding the sync pulse.

Verify that the duty cycle is 50 % = 1 % as specified in 8.5.

Measure the sync period.

Verify that the sync period is greater than 82 pys and less than 1 ms as specified in 5.4.2.

9.3.2.4 Maximum frame length (peer-to-peer)

Set the lonle cotivran + mad 41 ooort noaor
IOt SUOTCCToOTMoU T pPCTI—toO~pPpTTTT

Set the clock source to the maximum frame length setting.

Measur¢ the number of positive clock edges between frames.

NOTE
of the neX

periodMo the peginning
The nun
Verify th Dle is less than or equallto 256.

9.3.2.5

Set the

Set the

Measure the nur<>
NOTE [he easiest way h be tq megsure the time from the end of one sync period to the peginning
of the next sync period, 49 e 3 3 R

The nun

Verify th N-fra ehgth is exactly divisible by 16 and is greater than or equa| to 16.

9.3.2.6

Set the clock source to mode 2, master/slave.

NOTE 1 Mode 2 may not be offered by clock sources intended for peer-to-peer operation only. In such cases this
test should be omitted.

Set the clock source to the maximum frame length setting.

Measure the number of positive clock edges within a frame.

NOTE 2 The easiest way to do this may be to measure the time from the end of one sync period to the beginning
of the next sync period, add the time high and then divide this sum by the period.

To determine the frame length, divide this result by two since there are two clock pulses for
each address in mode 2.

Verify that the maximum frame length is exactly divisible by 16 and is less than or equal
to 256.
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9.3.2.7 Maximum frame length (master/slave)

Set the clock source to mode 2, master/slave.

NOTE 1
test should be omitted.

Set the clock source to the maximum frame length setting.

Measure the number of positive clock edges within a frame.

Mode 2 may not be offered by clock sources intended for peer-to-peer operation only. In such cases this

NOTE 2 The easiest way to do this may be to measure the time from the end of one sync period to the beginning

of the next sync period, add the time high and then divide this sum by the period.

To dete

each address in mode 2.

Verify that the maximum frame length is exactly divisible by 16 and s

9.3.2.8 Clock signal high level and rise time
9.3.2.8.1 Test procedure
Add a 6P0 pF capacitor between the clock line and\the co

a) Mea
b) MeaE

rmine the frame length, divide this result by two since there ar

k. pu

Oscilloscope
: +[ -
\/ GND
CH1I® © CH2 Q
ata
Clock
Power | L
| Towet
locksgdrce | Common T
Shield -
IEC 2487/01

ofer to figure 22).

Figure 22 - Test circuit for clock signal

Ises for

| to 16.
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10% 90% 0% 10%
V-clock ‘ ? _ 14 V (maximum value)
Rise time Fall time
7100 ns | 11,4V (minimum value) 7100 ns’
(min) [y (i)

10,26 V (based on 11,4 V)

114V (basedon114V)

Charge Zoomed clock edge
cycle (Voltage)

Figure 23 - Waveform of clo

9.3.2.8.2 Verification

be similpr to figure 24 and shall have a\peakva

NOTE t is not necessary to actually measurs
the minimum current specification.

a) Veri[
b) Veri

+150 mA (minimum)

Time

- should

ctly verify

arrert arawrt ana sourcea Dy e bdpdbilU[

IEC 2489/01

Figure 24 - Transient current

9.3.2.9 Clock signal low voltage and fall time

9.3.2.9.1 Test procedure

Add a 600 pF capacitor between the clock line and the common line (refer to figure 22).

a) Measure the fall time of the discharge cycle (refer to figure 23).
b) Measure the voltage at the low level, VI, of the clock signal.
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9.3.2.9.2 Verification
a) Verify that the fall time is 100 ns + 5 ns.
b) Verify that V| is between 0 V and 0,7 V as specified in 8.5.

9.3.3 Data signal
9.3.3.1 General

Examine the data signal generated by the clock source.

Connect as shown in figure 25.

See figyre 26 for the waveform.

NOTE For all data line tests, there should be no activity on the data line other i e specific
test. (Forlexample, the controller should not be commanding any outputs to turn on

CH1
Data <
Clock N\
Power /T N %
Clock source | Common ( [N
_8hield NN

\\ui}z/ IEC 2490/01
sticircuit for CDI data signal

Frame

Data BFD pulse

tog “bfd | tor

¢—re

Clogk L

IEC 2491/01

Figure 26 — Waveform for CDI data signal

9.3.3.2 Bus Fault Detect (BFD) pulse
9.3.3.2.1 Test procedure

a) Observe the Bus Fault Detection (BFD) pulse.

b) Measure the time between the beginning of the sync pulse and the falling edge of the BFD
pulse on the data line, see tyq, figure 26.

c) Measure the pulse width of the BFD pulse, see ty¢q, figure 26.

d) Measure the time between the end of the BFD pulse and the end of the sync pulse, see
tor, figure 26.


https://iecnorm.com/api/?name=39e6b51421f3a0c575dd8b908ec1a28e

- 66 - 62026-6 O IEC:

9.3.3.2.2 Verification

2001(E)

a) Verify that the data line is high except for a negative pulse during the sync period on the

cloc
b) Veri
c) Veri
d) Veri

9.3.3.3

k line.

fy that this time t,q is greater than fgock — 0,5 ps.

fy that this time fyq is greater than 2 x t;ock — 0,5 ps.
fy that this time fy, is greater than 2 x f;ock — 0,5 ps.

V,, of the square wave data signal

9.3.3.3.1 Test procedure

Measur

9.3.3.3.

e the voltage at the high level, V,, of the square wave data sign

p Verification

Verify that V}, is between 11,4 V and 14 V as specified in 8.4.

9.3.3.4
9.3.3.4.

Measur

V| of the square wave data signal

| Test procedure

e the voltage at the low level, V)

9.3.3.4.2 Verification
Verify th

9.3.3.5 Source currentof
9.3.3.5.1 Test pro

Set the|frame le

common line.

9.3.3.5.

Verify th

9.3.3.6
9.3.3.6.

The tes

Test procedure

e to the

shall be pertormed In mode £ al a CIOCK Trequency or TU KHZ, with the Tram

set to the maximum.

Che

O T o

)
)
)
)

o

end

ck address 1 and the maximum address.

Command the host interface to drive the data line low during address 1.

of address 1.

e length

Measure the time between the clock line going high and the data line going low at address 1.
Measure the time between the clock line going high and the data line going high at the

e) Command the host interface to drive the data line low during the maximum address. This
is usually address 255. If the host interface under test does not support 255 addresses
then substitute the maximum address for address 255.
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f) Measure the time from when the clock line goes high until the data line goes low at
address 255.

g) Measure the time from when the clock line goes high until the data line goes high at the
end of address 255.

h) Using an I/O module, drive the data line low during the input clock cycle of address 1.

i) Using an I/O module, drive the data line low during the input clock cycle of the maximum
address. This is usually address 255. If the host interface under test does not support 255
addresses then substitute the maximum address for address 255.

9.3.3.6.2 Verification

a) Cherk that no other addresses are driven low (see figure 27).

b) Verify that the data line is driven low during the output cycle of thedaddr fest and
that|the data line is not driven low at any other time except during
c) Thig time should be less than the data-on propagation delay pecified
in tgble 4.
d) Thig time should be less than the data off propagatior y\time , 25 Us as gpecified
in tgble 4.
e) Only the input corresponding to the address undég
Address 255
0 pulse ‘508 509‘510\511'
Clock J >
Data HWace puts d\\ ss N
Data st interface puts data on address 255
1
Data /\K/\ K \\/ Host interface reads data from address |1
Data Host interface reads data from address 255
Clock
27V Clock to data relationship
when clock source
pulls data line low
Data r 8,25V
\ 2T V
t< 0= % clock cycle L L t< 0+ % clock cycle
at maximum frequency — — at maximum frequency

9.3.3.7

IEC 2492/01

Figure 27 — Data line waveforms

Input threshold on data line

9.3.3.7.1 General

Connect as shown in figure 28. See figure 29 for the waveform.
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Oscilloscope

() [T g

G
+ CH1® ©@cH2 @

R2
Data U M
— i |_Clock R1 pClOCk
Power ower
Clock source | Common Common 1/0 module
Shield Shield
/

2001(E)

Figure 28 — Connections for verification of data lin

\_/‘7 Sync period

(not to scale)

1/0 mod

75V 8,25V

47V

IEC 2494/01

the 1/0
type of

Rimimum adjustable range of 2500 Q. Start with R1 = 2500 Q. By uping the

ule.as instructed in the I/O module instructions, drive one input address low.

a) While monitoring the input on the controller, increase R1 until the lower level on the data

line

is = 2,7 V for this input address.

b) While monitoring the input on the controller, increase R1 until the lower level on the data

line

is = 3,3 V for this input address.

9.3.3.7.2.2 Verification

a) Verify that the controller still responds to a logic-low signal at the input module’s address.

b) Verify that the controller no longer responds to a logic low signal at the input module’s
address. The controller should respond to a logic high signal at the input module’s address.
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