Intrinsic Safety Design Considerations
By
Dr Jim Allen
Development Director

Contact Details:
e-mail: jallen@datalink-electronics.co.uk
Tel: +44 (0) 1509 2310233
Website: www.datalink-electronics.co.uk

Intrinsic Safety Design Considerations
Intrinsic safety is probably the most important protection method for ensuring the safety of
electronic and electrical devices in an explosive environment. In an apparatus which is
intrinsically safe (IS) the amount of energy is limited so that even under a fault condition the
release of energy is insufficient to ignite the gas or dust cloud (Spark Ignition). Additionally,
the heat generated by the device in normal operation, or under a fault condition, must not
cause the gas cloud to ignite (Thermal Ignition).
Zones
The international standard covering IS design is IEC 60079-11:2011 in which three classes of
IS apparatus are defined:
1) apparatus certified to ia can be used in gas zones 0, 1 & 2,
2) ib apparatus can be used in zones 1 & 2
3) ic apparatus can only be used in zone 2.
For ia equipment we must allow for 2 faults without compromising the safety of the device
i.e. we must allow for any two safety critical devices to fail and still be sure the circuit is
safe. For ib equipment the number of faults is one and for ic equipment there is no need to
account for a component failure causing the equipment to become unsafe. In printed circuit
boards, the failure of a track, or a via, should be considered as this may disconnect a safety
critical device from the circuit.
Limiting the Voltage & Current - The Zener Barrier

Fig.1 Zener Barrier Circuit
The Zener barrier is the most commonly used circuit (see Fig.1) to limit the voltage and
current in an IS circuit. Power is supplied to the hazardous area by placing a voltage on the
safe-area terminals. In the hazardous area (where the gas or vapour cloud exists), if the

hazardous-area terminals are short-circuited the resistor (R1) limits the instantaneous
current until the fuse (F1) ruptures. Should a fault originate in the safe area that places an
excessive voltage on the safe terminals (e.g. a mains fault on a DC power supply) then the
Zener diodes (D1 & D2) are there to clamp the output voltage to the hazardous area.
Note that the Zener barrier in Fig.1 is only suitable for ib accreditation since two faults could
render the Zener diodes ineffective. For ia accreditation, a third Zener diode would be
needed.
Zener Barrier – Component Calculations
The calculation of the component values comprising the Zener barrier, and their rating, are
dictated by the IS standard. Let’s take an example to demonstrate how these values are
determined: Say we use 5.6V, 5% Zener diodes to clamp the output voltage and we use a
1.0A rated fuse to limit the current. Now imagine there is a 240VAC mains fault with the
voltage supply to the safe-area terminals. Obviously, the Zener diodes will begin conducting
current as the Zener voltage is exceeded and very shortly afterwards the fuse will rupture
disconnecting the faulty supply from the circuit. The calculation for the rating of the Zener
diodes proceeds as follows. The IEC 60079-11:2011 standard indicates that we can consider
the fuse will blow when it begins to take 1.7x its rated current, so in our example this is
1.7Amps. Also, the standard requires a 1.5x safety factor on the rating of safety -critical
devices, so for the Zener diodes the maximum power dissipation is given by:
PZ = 5.6V x 1.05 (tolerance) x 1.7A x 1.5 = 15W
From an electronics perspective, a 15W Zener diode is a high power device, particularly
when we need to account for the de-rating of the devices given the maximum ambient
temperature that the devices may see (the devices must continue to operate even under
these circumstances). It’s easy to see that the Zener diodes currently available on the
market will place a restriction on the supply current and, hence, the maximum power
dissipated by any circuit.
Zener Barrier – Transient Performance
We must not forget to consider the transient characteristics of the barrier under the worst
fault conditions. In our example, where a mains failure is considered, a voltage with a peak
240V√2 = 340V is present at the safe-area terminals. The current that the Zener diodes
must sustain is only limited by the fuse resistance. Now Zener diodes can withstand surge
currents for short periods of time (see Fig.2 for the characteristics of a family of Zener
diodes). Referring to Fig.2 we can see that our 5.6V Zener diode is able to withstand
approximately 20Amps for 1ms dropping to 4Amps for 1000ms. In the design of our barrier
we must ensure the fuse will rupture before the Zener diodes fail due to excessive current.

Fig.2 Maximum non-repetitive surge current for a family of Zener diodes
The Average Time Current Curves (see Fig.3) for our fuse provides an indication of the time
it takes for the fuse to rupture as the maximum fault current varies. It can be seen that our
1Amp fuse will blow in less than 1ms for currents that exceed ~6.5Amps.

Fig.3 Average Time Current Curves for a family of fuses

To determine the time at which the fuse will blow for a specific fault current then the I2t
value for the fuse must be used. This figure is generally supplied in the manufacturer’s
datasheet. We must confirm that the Zener diodes we have selected are each able to
withstand the 100A current for this period of time (note that there may be a 1.5x safety
factor applied in some circumstances).
Finally, resistor R1 in our Zener barrier limits the transient current supplied to the hazardous
area. Its minimum value is determined from the IS standard and depends upon the Zener
voltage and the gas group for which the apparatus is intended. For our example, the
standard indicates for voltages less than 12.0V the maximum permitted current is 3.33Amps
(for all gas groups). Consequently, the minimum permissible value of R1 is given by 5.6V x
(Zener tolerance)/3.33 = 1.766R. It should not be forgotten to account for the tolerance of
the resistor value when choosing an appropriate resistor so we could use a 1R8 +/-1%
resistor but not a +/5%. Also, the power rating of the resistor would be given by 5.6 x Zener
tolerance x 3.33A x 1.5 safety factor = 29.4W.
Comments
From the example calculations above, it’s easy to see that quite modest supply currents can
result in the need to use relatively high-power safety components. An innovative approach
and a good grasp of the IS standards are needed to overcome these restrictions. More
obvious approaches using active circuits to limit voltage and/or current are not permissible
for ia certification and only allowed for ib as long as the circuit can be analysed so as to
prove that the failure of components does not result in an unsafe situation.
There will be a voltage drop across the Zener barrier and this must be taken into account in
the design. Generally, this will mean less efficient circuits and the need to provide increased
supply/signal voltages, or to boost signals after the barrier.
It is permissible to encapsulate circuits so that only the power/signals entering and leaving
the encapsulated electronics need to be intrinsically safe. Effectively, the encapsulation
creates a safe area where the gas cannot penetrate. However, the internal circuit design
must take into account the need to limit power during a fault so that the surface
temperature of the encapsulated electronics is insufficient to cause thermal ignition. Also,
the heat generated internally must not cause the continuous operating temperature (COT)
of the encapsulant to be exceeded.
If a battery is used to supply the Zener barrier then there is no need for the Zener diodes
since the battery voltage sets the maximum supply voltage. However, if power converters
are then used to internally increase the supply voltage, a voltage limiting circuit may be
needed on the output to account for a fault condition causing the up-converter to overboost the supply voltage.

It is not permissible to increase the power rating of the Zener barrier by using Zener diodes
in parallel as the tolerance on the Zener diodes means they each start conducting at
different voltage levels. As a consequence, one Zener diode may take the full fault current
before the others have begun conducting.
Summary
This whitepaper has set out to highlight some of the issues that must be considered when
designing intrinsically safe circuits. In future papers we will consider the need for separation
distances around components & circuits, and discuss aspect of encapsulation with resins.

