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Plant and Installations are classified according to:

•The nature of the Hazardous Atmosphere

•The probability that the Hazardous Atmosphere 
will be present

• Industry Group
• Gas/Apparatus Grouping
• Ignition Temperature

• Area Classification

Responsibilities – plant operator
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Area classification IEC/European member 
countries

Areas are classified with regard to the probability of a potentially explosive 
atmosphere being present and the length of time for which it is likely to exist:

Hazard Zone Definition

Gas

0 in which an explosive gas-air mixture is continuously present or 
present for long periods

1 in which an explosive gas-air mixture is likely to occur in normal 
operation

2 in which an explosive gas-air mixture is not likely occur in normal 
operation, and if it occurs it will exist only for a short time

Dust

20 in which a combustible dust atmosphere is continuously present 
or present for long periods

21 in which a combustible dust atmosphere is likely to occur in 
normal operation

22 in which a combustible dust atmosphere  is not likely occur in 
normal operation, and if it occurs it will  exist only for a short time



© 2012 Eaton Corporation. All rights reserved.
4



5© 2015 Eaton, All Rights Reserved.© 2015 Eaton, All Rights Reserved.

The IEC methods of protection – current status

Method  of Protection Ex code
Permitted in:

Zone 0 Zone 1 Zone 2

Encapsulation

ma � � �

mb � �

mc �

Oil immersion o � �

Powder filling q � �

Pressurisation

px � �

py � �

pz �

Flameproof

da � � �

db � �

dc �

Intrinsic safety

ia � � �

ib � �

ic �

Increased safety e � �

Type of protection “n” nA �
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Intrinsic Safety

• Fundamental of IS 
• origins, principles, apparatus, type of interfaces

• Customise Backplane Solution 
• IS application

• Selection  of product  (AI,AO,DI,DO,PULSE & TEMPERATURE)

• Design of IS system
• Level of protection, Gas classification, Temperature classification
• Compatibility of IS isolator and field device Determine the permitted 

cable parameter Solution for long cable application 

• Installation 
• Cable installation 
• New requirement based on IEC60079-14: 2013 
• Terminal boxes with more than one IS circuit 
• Earthing

• Inspection and maintenance 
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A system, comprising apparatus and 
interconnecting wiring, in which any 
spark or thermal effect in any part of the 
system intended for use in hazardous 
areas is incapable of causing  ignition.

Intrinsic Safety System
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Three Principles of Ex i Design

1. Limit Current

2. Limit Voltage

3. Limit Stored Electrical Energy
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Intrinsic safety levels of protection

Ex ia
Intrinsically safe 
with two faults

Zones 0, 1 and 2

Ex ib
Intrinsically safe 
with one fault

Ex ic
Intrinsically safe 
in normal operation

Zone 2

Zones 1 and 2

"Faults" are those in components
upon which safety of the
installation depends.

Intrinsic safety is the only protection 
concept that considers failure of the
field wiring. 
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Changes in Ex Standards on Ex ic

2006:
Introduction 
of Ex ic into 
60079-11

2010:
Removal of 
Ex nL from 
60079-15

2008:
Renaming of 
“FNICO” to 

“FISCO ic” in 
60079-27

2011:
Parts of 

60079-27 
merged into 
60079-11

2011:
60079-27 
dissolved

2010:
Parts of 

60079-27 
merged into 
60079-25
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Ex nL versus Ex ic

Characteristic Ex nL Ex ic

Basic method of protection Energy Limitation

Acceptable Zone of use Zone 2

Applicable standard and 
protection method

IEC 60079-15: Ex n (safe 
in normal operation)

IEC 60079-11: Ex i 
(intrinsic safety)

Live-working permitted? Yes Yes

Cables may share same 
multi-core* as IS circuits?

No Yes

Cables may share same 
multi-core as non-IS circuits?

Yes No

Separation of terminals
•from I.S. circuits
•from non-I.S. circuits

•50 mm
•Not required

•Not required
•50 mm

Applicability Obsolete, phasing out Current, future-proof

* Multi-core cable for I.S. circuits has to meet certain criteria
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Uniqueness of IS system

• Suitable for zone 0

• Permits live maintenance, personnel safe

• Simple appratus rules offer great flexibility

12
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Examples:

Simple Apparatus 

• What is considered Simple Apparatus?

• Passive components e.g. switches, junction boxes, 
potentiometers and simple semiconductor devices

• Sources of stored energy within well defined parameters

• Sources of generated energy which do not exceed 1.5V, 
0.1A or 25mW

• IEC 60079-11: 2012, Clause 5.7 says:-

• “Devices need not be certified or marked”
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Types of IS interface

There are 2 type of IS interface:

1. Zener Barrier 
Also referred to as just ‘barrier’ , ‘Shunt diode barrier’, 
‘Zeners’ or ‘safety barrier’

2. Isolating Barrier
Also referred to as IS Isolator, Galvanic Isolator

These may also be located in, or part of, other equipment.
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IS Interface Products

Shunt Diode Barriers

15

MTL7700 series

Isolating barriers /Isolator

MTL 4500 series 
Backplane mounted with 
System connector for easy 
And real system integrated

MTL5500 series
DIN-rail mounting
simple installation 
with plug-in connectors
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BASIC PRINCIPLES 
of

Barriers & Isolators

IS Interface 
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Barriers - How do they Work?

Device System

Maximum
output
current
cannot
exceed
VZ/RCLR

(Hazardous area)
(Safe area)

Vinput

Maximum
output
voltage
cannot
exceed  VZ

FUSE

Fuse protects Zener diode
from becoming overstressed.

Current Limiting
Resistor (CLR)

R

Voltage-clamping
Zener diode  VZ



© 2012 Eaton Corporation. All rights reserved.

Isolators - How do they Work?

Safe-area
connection

Hazardous
-area
connection

Certified
transformer

Certified
component

Energy-limiting

Power

Safe
area 

circuit

Hazardous
area

circuit

S
af

et
y 

S
eg

re
ga

tio
n
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Cost and space saving - high reliability

19

Multicore cable

Hazardous area Hazardous area
trunking

DIN rail isolators DCS termination 
unit

Safe area 
trunking

Point to  point wiring

DCS

DCS

MTL4500

Custom backplane

• Reduced wiring costs
• Space saving
• Reduced testing
• Less documentation
• Standard system 

interfaces
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Custom solution for EASY system Integration

20

Foxboro  IA  
FBM2XX  

Triconex Tricon
Version 9/10

Yokogawa Centum VP R3

Honeywell

Honeywell 
Safety Manager

Yokogawa ProSafe RS
Modicon

ICS Triplex

Triconex Trident

Siemens ET200M

General Electric/Bently Nevada

Safety Manager 
Universal Safe IO
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Applications – Selection of IS interfaces

• The Application of Ex i Instrument Loops
• Considering a System 

• Use of Barriers and Isolators
• Comparison of their use

• To demonstrate
• Safety Compatibility
• and
• Operational Compatibility
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Cable calculation tool

Manufacturer:

Model: Barrier No:

Tag Number: Cable 1 No: J/B Number: Cable 2 No: Barrier Type:

Pr / Cr : Pr / Cr :

WH WH RD

BK BK WH

RD RD BK

V m m 0 m V

mA µF/m µF/m 0.00000 µF/m mA

mW µH/m µH/m 0 µH/m mW (See Note 1)

µF 0 µF 0 µF 0 µF µF

µH 0 µH 0 µH 0 µH µH

1

Notes:

0 V 0 V Pass

0 mA 0 mA Pass

0 mW 0 mW Pass

0 µF 0 µF Pass

0 µH 0 µH Pass

1

     

  

Rev

REV Description Date By Check Appd Client

The barrier maximum current (Io)  

The barrier power (Po)  

The capacitance of the cables (Cc1+Cc2+Cc3)  

The following criteria must be met for an intrinsically safe circuit:

…must not exceed the equipment input voltage (Ui)  

The inductance of the cables (Lc1+Lc2+Lc3)  

IS Calculations 

For ……….

Document Number

Contract/Unit :

…must not exceed the equipment input current (Ii)   

…must not exceed the equipment power (Pi)  

…must not exceed the permissible value (CcMax = Co - Ci)  

…must not exceed the permissible value (LcMax = Lo - Li)  

Client :

Plant :

Project No :

1. With sources using resistive current limitation and a linear output characteristic, 

a maximum power value of Po = (Uo x Io)/4 can be assumed. 

Sources with electronic current limitation and non linear output characteristic 

can supply values up to Po = Uo x Io. (Refer to manufacturers information)

2. Category and group subdivisions are determined by the lowest common denominator. 

Hence if either piece of equipment is 'ib' then the system is 'ib'. 

The group subdivision is the least sensitive group: IIC, IIB, IIA in order of decreasing 

sensitivity.

Instrument Classification:

Instrument Certificate No.:

The barrier output voltage (Uo)  

Capacitance (Ci)  

Inductance (Li)  

Allowed Current (Ii)  

Power (Pi)  Inductance per metre  

Capacitance (Cc2)  

Inductance (Lc2)  Inductance (Lc3)  

J/B Area / Zone: J/B Area / Zone:

J/B Classification:J/B Classification: N/A

Intrinsically Safe Circuit Verification Calculation (Single Apparatus) - As Per BS EN 60079-14 (2008)

Field Panel

Barrier Area / Zone:  N/AEquipment Area/Zone:

Cable 1 length  

Inductance per metre

Inductance (Lo)  

Capacitance per metre  Capacitance per metre  

N/A

Capacitance per metre  

J/B Certificate No.: Barrier Certificate No.:  

Capacitance (Co)  

Inductance (Lc1)  

Barrier Classification:  

Cable 3 length  

Inductance per metre  

Capacitance (Cc3)  Capacitance (Cc1)  

Allowed Voltage (Ui)  

J/B Certificate No.:

Cable 2 length  

Note: Only type in orange areas

Warning!

Warning!

This circuit requires investigation. Either Ci >= 1% of Co or Li >= 1% of Lo. See BS EN 60079-14

Output Voltage (Uo)  

Short Circuit Current (Io)  

Output Power (Po)  
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Design of IS System

• Gas Classification

• Level of Protection

• Temperature Classification

• Safety Compatibility
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IS system verification tool
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Installation Overview

• Useful Information and Definitions – related to intrinsic safety

• Ingress Protection to IEC60529

• Creepage and Clearance

• Segregation

• Typical installation

• Status of Codes of Practice

• General requirements of IEC60079:14

• Specific requirements for Ex i circuits

• Installations summary sections

• Safe area apparatus, Interfaces, Cables, Junction Boxes and Hazardous 
Area Apparatus
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Typical System Block
Hazardous Area

Certified
Interface

Safe Area

Uncertified
Safe Area  Apparatus

Cables

Junction
Box

Field
Apparatus



27© 2015 Eaton, All Rights Reserved.

Interface (IS isolator) Installation 
Requirements Summary

• Location of Interfaces should be permanently marked to show 
the correct type of replacement in each position

• Interface designs and mounting must meet minimum of IP20

• Isolators are normally mounted in the safe area at the nearest 
convenient point to the hazardous/safe area boundary.

• Enclosures required for protection from unauthorised 
interference

• Hazardous area mounting is permissible if the appropriate 
type of protection is provided for interfaces  and cabling: 

� Zone 1 : Flameproof ( Ex d ) enclosure 
� Zone 2 :  normally an Ex e certified enclosure (Interface 

has certified for zone 2 mounted)
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Earthing of IS circuits

IS isolator meet this requirement

No need to earth
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Fault Finding

You may You must You must 
not

Perform measurements
through interfaces

Work live

Short-circuit wiring
on one loop at a time
Open-circuit wiring

on one loop
Use screens as

temporary returns

Claim "Simple
Apparatus"for:

-wire links as switches
-resistors as loads

Use correct tools
(eg properly sized
to avoid damage to
enclosures)

Use Certified (if
complex) test 
equipment

Use barriers for
measurements with
uncertified equipment

Abide by site working
rules (eg Permit to
Work systems)

Compromise safety of
the loop by:

-bridging the interface
-interconnecting

separate loops
-incorrect substitution

of interfaces
- invading IS circuits

with unrestricted
power

Interfere with the
process without
authorisation
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