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AUTOMOTIVE

“
Sensors mounted 
on the outside 
of an electronic 
enclosure need 
to be waterproof, 
probably to IP65, 
and mechanically 
robust

Today what is expected of automotive 
sensors is quite diff erent to what 
was the case even fi ve years ago. As 
complexity grows, performance and 
reliability must be disproportionally 
increased to meet the challenge of 
repair and service in the fi eld. 

This is particularly true in the 
electric vehicle market, where many 
current sensors are required to allow 
the management of routine – and not so 
routine – operations. 

Rather than train vast numbers of 
service technicians, it is far better not to 

have failures, so that repair and service 
are not required.

Another relentless expectation is 
cost reduction. The old adage that the 
choice is either quality or low cost has 
been blown out of the water for the 
automotive industry; customers demand 
both, and this creates challenges.

Performance parameters
Many performance parameters are 
related to minimising cost. 

One is supply voltage. 
Low voltage (5V) supplies are really 

the only option, although since 3.3V 
micros became available, 3.3V supply 
voltages are now being demanded to 
save the cost of dual supply voltages. 
Low quiescent power is also necessary 
to reduce power supply cost and 
bulk. This virtually eliminates 
power-hungry, closed loop current 
sensors, which carry a cost premium. 

In some environments sensors need 
immunity to large supply transients, 
which signifi cantly complicates sensor 
power supply design.

Typically, an operating temperature 
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This is a question that is often asked throughout the 
electronics industry and like any good engineering 
answer, it depends… on the degree of environmental 
protection required.  The fi rst thing to consider is often 
the design of any housing within which the PCB will be 
enclosed. If an assembly is enclosed in a housing which 
is designed to be the primary environmental protection, 
then a conformal coating is often used to provide a 
back-up. Where the housing is not suitable or capable of 
providing primary protection of the assembly from its 
operating environment, then most times a resin might 
be a better choice.

The next question should then be “What is a coating 
and a resin?” 

Conformal Coatings
Generally, conformal coatings are thin fi lms applied 
in the 25-100 micron dry fi lm thickness range, 
leading to a minimal weight increase of the assembly. 
Often coatings are clear, so the coated components 
are easy to identify and the coating can be easily 
reworked / repaired. The chemical and thermal 
resistance of coatings is generally good for short 
exposures. A coating applies relatively little stress upon 
the components, this is a particular advantage where a 
component has thin pins or legs.

The majority of coatings are single component 
systems, which have a long bath life, a low 
curing /drying temperature and short drying time. As 
they are usually single part, they are generally easier 
to process and apply than a two-part resin. Two-part 
(2K) epoxy and polyurethane coatings, on the other 
hand, combine the protection and properties of a resin, 
with the ease of application of a conformal coating. 
These can provide excellent coverage and their superior 
fl exibility offers protection of delicate components. 2K 
coatings also deliver excellent mechanical properties 
and abrasion resistance but, being two-part, they are 
more diffi cult to process compared with 1K coatings 
and they are virtually impossible to remove, making 
board repair very diffi cult.  

Potting / Encapsulation Resins
Resins can be applied from 0.5 millimetres thick, 
but are generally applied much thicker than this. The 
increased thickness leads to a signifi cant increase in 
weight and often results in a greater per unit price than 
coating. However, the increased thickness does mean 
that the PCB is far better protected against chemical 
attack, particularly in the cases of prolonged immersion. 

Also a resin can provide superior protection against 
physical shock (depending upon the formulation), 
since the bulk of the resin will help to dissipate the 
forces across the PCB, rather than allowing them to be 
concentrated. 

Resins are generally 2K (two component) systems, in 
which a resin (Part A) is mixed with the correct amount 
of hardener (Part B). 

It is interesting to note that, in certain applications, 
where a 2K resin formulation may have been the fi rst 
choice for circuit protection, a 2K conformal coating 
may turn out to be the better approach, thanks to 
its superior mechanical properties, compared with 
1K coatings. Moreover, switching from a resin to a 
conformal coating will eliminate the weight penalties of 
the former, which may be critical to some applications.

So how do I choose which is best for my application, 
is there a middle ground?
The design of the PCB, the housing and the 
anticipated end-use environment all play a major 
factor in the decision whether to use a coating or a 
resin. 

If the housing provides adequate primary protection 
against the environment, then the use of a coating 
provides a back-up and can provide protection to 
the board should the primary protection be damaged 
or leak, as well as provide protection against high 
humidity and condensation within the housing.

Resins are often used to form part of the housing 
itself, and are thus part of the primary protection of 
the system, and as such are required to resist all of the 
potential contaminants the housing might see during 
its end use environment.

Electrolube’s 2K coatings are based on similar 2K 
chemistry to resins, but designed to be applied by 
selective coating equipment in the 200-400 micron 
range, thus combining many of the advantages of both 
technologies and minimising many of the drawbacks 
of each.

These new 2K conformal coatings have 
demonstrated excellent performance in condensing 
environments and thermal shock achieving much the 
same results as the potting compound at one tenth the 
thickness. They also offer better edge coverage than 
traditional coatings. 

To Read the full article visit www.electrolube.com 
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“
Where cycle by 
cycle current 
control is 
incorporated, 
the current 
sensor frequency 
response needs 
to be >4x the 
fundamental 
frequency of a 
switching control 
system

range of -40°C to +125°C is 
demanded. This requires careful 
selection of materials and components.  
Magnetic fi eld sensors must remain 
stable and the magnetic circuit must 
have stable characteristics over its 
operating fl ux range.

Again, closed loop current sensors 
that have signifi cant self-heating are 
virtually eliminated.

Another parameter is mechanical 
confi guration. In many applications, 
sensors are mounted in free air outside 
any electronic enclosure. In these 
cases, sensors need to be waterproof, 
probably to an IP65 rating, as well as 
mechanically robust. 

Often, customer-specifi c 
mounting is required along with 
automotive-style waterproof 
connection. Signifi cant tooling and 
product design will be required so that 
all interested parties are satisfi ed.

When considering mounting, factor 
in the cost of the time needed to 
complete it, as well as the cost of any 
additional components or space. 

Non-intrusive mounting is always 
preferable, especially for externally 
mounted sensors (see Figure 2). 
Clips are preferred to screws, but 
screwheads, if used, must be readily 
accessible. 

The fi nal installation must then 
comply with shock and vibration 

requirements. Cables must be routed 
carefully so as to prevent snagging 
and protect them from vibration, 
excessive heat and corrosive fl uids.

Under-bonnet space is always at 
a premium, so size is an important 
quality, as is weight (see Figure 3). 

Energy effi  ciency
Energy effi  ciency is increasing in 
importance with each rise in the price 
of oil. Weight is doubly important for 
electric vehicles which must already 

consider the size and cost of the 
battery. 

Energy consumption is related to 
weight so the contribution of even 
small components to the total is 
counted. 

Where high currents are involved 
it is a real challenge to develop 
lightweight components.

Where it is necessary to measure 
battery current, system designers 
often need to know both the peak 
discharge current, which may be 

many hundreds of Amps, as well as 
the current at charge completion, 
which could be a fraction of an Amp. 

No single (economical) sensor 
technology can perform over this 
span, so a hybrid is required. This 
generally necessitates having a low 
current sensor, which is not corrupted 
by high currents, in combination 
with an economical high current 
sensor which has good low current 
performance.

In addition to the challenge of 
measuring current over such a wide 
dynamic range, the sensor output 
has to be measured over that range. 
Measuring mA to hundreds of Amps 
covers a span of, say, 100,000:1. If 
this signal was to be read by an ADC, 
17-bit resolution would be required. 

This is clearly not practical, so the 
range has to be divided into two or 
three sub-ranges.

Performance stability
Since the sensors will probably have 
to operate over an extremely wide 
temperature range, the gain and off set 
will need to be very stable.

It is necessary to assess the eff ect of 
system performance with calculated 
drifts. Areas to consider are: 
 Can the drifts be positive or 
negative? 
 Will it cause system failure or lack 
of performance? 

Figure 1: Current sensing requirements in automotive design  

Figure 2: A sensor bus bar mounting
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PrestoMOSTM JN series 600V

• Part number R60xxJNx
• FRD is implemented in body diode of MOSFET
• Best-in-class fast & soft recovery body diode
• Suitable for inverter application
• Max. current up to 70A
• Packages: TO-220FN, TO-247, TO-3PF, D2PAK, DPAK

Super Junction-MOS EN series 600V / 650V

• Part number R60xxENx (600V) & R65xxENx (650V)
• Low switching noise and easy to use
• Usable for SMPS
• Max. current up to 76A
• Packages: TO-220FM, TO-247, TO-3PF, D2PAK, DPAK

Super Junction-MOS KN series 600V / 
650V / 800V

• Part number R60xxKNx (600V), R65xxKNx (650V) &  
 R80xxKNx (800V)
• Fast switching and low switching loss
• Usable for high efficiency SMPS
• Max. current up to 76A (600V, 650V) and 52A (800V)
• Packages: TO-220FM/AB, TO-247, TO-3PF, D2PAK,  
 DPAK www.rohm.com
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The reaction 
speed of a current 
sensor must be 
matched against 
the rate of rise of 
current and the 
circuit’s tolerance 
to short-term 
overload if it is to 
protect against 
overloads and 
short circuits
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Coupled Inductors

The WE-MCRI is an innovative molded coupled inductor with fully 

automated bifi lar winding process. It offers an almost ideal coupling 

coeffi cient up to 0.995. The WE-MCRI features a soft saturation 

behavior with its crystalline core structure and distributed air gap.

The coupled inductor range includes high voltage isolation versions

up to 2 kV, low profi le types and versions with various turns ratios.

For further information, please visit: www.we-online.com/coupled
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 What is the statistical spread of 
drifts? 
 What is the long-term stability?

If low DC currents are to be sensed, 
another parameter to consider is the 
sensor’s residual off set after a high 
DC load (core remanence). This off set 
is generally in the order of 0.5A, so 
accuracy below 1A will be poor. 

There are special low remanence 
core materials available. Degaussing 
may be an option but this adds cost.

In instances where cycle by cycle 
current control is incorporated, the 
current sensor frequency response 
needs to be greater than four times the 
fundamental frequency of a switching 
control system. 

Where the current sensor is to 
protect against overloads or short 
circuits, its reaction speed needs to be 
matched against the likely rate of rise 
of current and the circuit tolerance to 
short-term overload. 

Fortunately, currents do not 
rise instantaneously, as there is 
always some parasitic inductance 
(di/dt = V/L). As a rule of thumb, a 
conductor has ~1nH/mm (less for a 
bus bar, more for a PCB trace).

Voltages in hybrid EVs (HEVs) 
is creeping up, hence the isolating 
rating of the sensor must be 
assessed, and a proper safety margin 
applied. Creepage and clearances 
are associated with voltage ratings. 
These are assessed according to the 
application and the environment. 

The automotive environment 
can be harsh, with extremes of 
temperature, possibly 100% humidity, 
water-blasting, aggressive fl uids, high 
vibration and shock, large electrostatic 
fi elds, large magnetic fi elds and high 
radiated electromagnetic fi elds. There 
are standards that defi ne all of these 
environments, so a specifi cation must 
be agreed with the customer.  

Sensor technologies
There are diff erent sensing technologies 
available, each with diff erent qualities.

When galvanic isolation is not 
required, shunts are an option. They 
are attractive for low currents but 
as these rise above 100A their bulk 
and cost grows exponentially. Larger 
shunts are also problematical for 

measuring high frequencies, as their 
inductance causes inductive kicks of 
considerable magnitude.

Low current, coreless, open loop 
Hall-eff ect sensors (Figure 4) can be 
manufactured as an IC, so this can be 
an inexpensive option. 

They are low-cost and do have a 
place in some applications, generally 
in the 20A to 50A current range. 

The lack of core means lack of 
shielding against stray magnetic 
fi elds. Immunity can be improved by 
using a pair of Hall sensors and doing 
diff erential measurement. 

However, lack of a magnetic 
circuit to amplify fl ux strength does 
mean that fi eld strengths are low, so 
sensitivities need to be set high, 
making the whole vulnerable to 
drifts.

For good all-round 
performance, open 
loop Hall-

eff ect sensors can be used with core 
materials to optimise performance for 
a particular application. 

Improvements in Hall sensing 
technology now allow these sensors 
to perform similarly to closed 
loop technologies.

Closed loop Hall-
eff ect sensors 
need to have a 
compensating 

coil. 
Coupled with 
its driving 
electronics 
these can add 
bulk and cost, 
but do allow 
excellent 

gain stability 
and speed 

of operation. 
Their inherent 

shortcomings, 
however, mean 

that 

these sensors are not commonly used 
in an automotive environment.

FET on resistance is an option 
where current sensing precision 
is unimportant but low cost is a 
premium. 

It is software-intensive and needs a 
capable micro for signal processing. 
Thermal drifts are a menace and 
in-process calibration is essential, but 
the end result is near-free.

Signifi cant improvements in 
Hall-eff ect magnetic fi eld sensors 
have opened the way for precise 
direct diff erential sensing of current 
generated magnetic fi elds.

Immunity to common mode fi elds is 
provided by diff erential fi eld sensing. 

Immunity to primary generated 
electrostatic fi elds is implemented by 
screening. 

Hybrid techniques are used to 
improve frequency response. The 
signifi cant benefi ts of this technology 
are its ease and fl exibility of mounting 
and its small size, which align this 
technology to automotive needs.

Figure 3: A shielded coreless sensor saves space and weight

Figure 4: 

An example 

of an open 

loop current sensor


