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LIST OF TERMS AND ABBREVIATIONS 
 

AC Alternating Current 

AEG Applied Electromagnetics Group 

CENELEC Comité Européen de Normalisation Electrotechnique 

CISPR Comité International Spécial des Perturbations Radioélectriques 

COTS Commercial Off The Shelf 

DC Direct Current 

EEA European Economic Area  

EMC Electromagnetic Compatibility 

EMI Electromagnetic Interference 

EUT Equipment Under Test 

ETSI European Telecommunications Standards Institute 
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ITE Information Technology Equipment 
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RA Radiocommunications Agency 
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SELCs Switched Electronic Load Controllers 

SMPSs Switched Mode Power Supplies 
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EXECUTIVE SUMMARY 
This Code of Practice is aimed at Switched Mode Power Supply (SMPS) and Switched 
Electronic Load Controller (SELC) engineers and designers. Its purpose is to guide them in 
the design of SMPS and SELC to ensure good Electromagnetic Compatibility (EMC) of their 
finished products. 

This guide draws on work done by York EMC Services Ltd to investigate into the Radio 
frequency (RF) emissions from SMPSs and similar SELCs with different loading conditions. 
The study was funded by the UK Radiocommunications Agency. 

In section 1, an introduction of the issues of the Electromagnetic Interference (EMI) in 
SMPSs and SELCs is presented. A brief introduction is made to the 89/336/EEC EMC 
Directive as well as a summary of the EMC standards relevant to the SMPSs/SELCs.  

Section 2 concentrates on the noise considerations in SMPSs and SELCs. It summarises the 
origins and reasons for the EMI and presents a typical solution to reduce the EMI in an ideal 
case for a SMPS. 

The EMC Design Guidelines are presented in section 3. These include details of good 
practice, which should be included in the design considerations for SMPSs/SELCs to ensure 
good EMC of the finished product.  
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1 INTRODUCTION 
Over recent years, Switched Mode Power Supplies (SMPSs) and similar Switched Electronic 
Load Controllers (SELCs) have become fundamental to many systems and apparatus 
commonly found in the residential, commercial and light industrial environment. They are 
physically small, efficient and low cost power supplies and are designed to fulfil the 
expectations of the market.  

SMPS techniques rely on the rectification and high speed switching of the mains power 
supply, using switching waveforms with fast rise and fall times. This fast switching produces 
harmonics and therefore can be a source of radio interference emissions. The EMC 
performance of SMPSs and SELCs has been consistently improved since the introduction in 
1996 of the mandatory application of the EMC Directive 89/336/EEC for items intended for 
sale within the European Economic Area (EEA), and especially for those items intended for 
use within information technology equipment (ITE). 

The incorporation of these devices into equipment used in the residential, commercial and 
light industrial environment has the potential for increasing the radio frequency emissions of 
such equipment. If of sufficient magnitude, these emissions could interfere with the operation 
of commercial radio services and other equipment. A recent project carried out on the behalf 
of the RA promote awareness of Electromagnetic Compatibility, particularly with respect to 
radio frequency interference [1].  

 

1.1 EMC Directive 89/336/EEC 

Electrical and electronic equipment and components produce electromagnetic radiation, 
which, if it exceeds a certain level, can adversely affect the performance of other electrical 
and electronic equipment. Electromagnetic Compatibility between equipment is achieved by 
limiting such emissions and at the same time, ensuring that the equipment and components 
have an adequate level of intrinsic immunity to such emissions. 

EMC requirements are the subject of a European Directive (89/336/EEC), designed to ensure 
a standardised approach throughout the EEA. Since January 1996, all products containing 
electrical or electronic components, intended for sale within the EEA have had to comply 
with the EMC Directive. The EMC Directive places a legal obligation on those making, 
importing, assembling, selling, buying or repairing relevant electrical apparatus. 

To demonstrate compliance with the EMC directive, equipment must be shown to meet the 
protection requirements of the EMC Directive. In order to show compliance with the 
protection requirements equipment may generally either be tested to relevant, harmonised 
standards, which are published in the Official Journal of the European Communities 
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(standards or self certification route), or have a technical construction file prepared for 
submission to an appointed EMC competent body. Having self certified or obtained a 
certificate or report from a competent body, a manufacturer (authorised representative or 
importer) can prepare a declaration of conformity, place the CE marking on his product (if 
this is appropriate) and market it freely throughout the European Economic Area [2]. All 
electrical and electronic equipments are known to generate some amount of electrical 
interference and the level of emissions produced must be kept below statutory levels. Such 
levels are specified in national and international standards. The standards specific to 
SMPSs/SELCs are detailed below. 

 

1.2 EMC Emission Standards for SMPSs/SELCs 

Most information technology equipment (ITE) nowadays contains SMPSs/SELCs and 
therefore is required to be tested in accordance with EN61000-6-3 [3] (residential, 
commercial and light industrial environments), which recalls the European standards 
EN61000-3-2  [4], EN 61000-3-3  [5], EN55022 [6] and EN55014-1  [7]. In the case of 
industrial environments, SMPSs/SELCs are required to be tested in accordance to EN61000-
6-4 [8], which recalls EN55011 [9]. In all cases, SMPSs/SELCs are required to comply with 
protection requirements of the 89/336/EEC EMC Directive. 

The limits in the case of EN61000-3-2 (harmonic interference), EN 55022 and EN55011 (for 
both conducted and radiated interferences) are described below1. 

 

1.2.1 Harmonic Interference 

EN61000-3-2 deals with the limitation of harmonic currents injected into the public mains 
system and sets limits of harmonic components of the input current which may be produced 
by equipment tested under specified conditions.  

Different classes of equipment are specified in EN61000-3-2 (Class A to class D) setting 
limits of the permissible harmonic current to be injected in the public system. 

Class C specifies limits for lighting equipment, including dimming devices (based on 
SELCs). Class D specifies limits for Personal Computers (PCs), PC monitors and television 
receivers with an active input power less than 600 Watts. Most other SMPSs will be tested 
under the more relaxed class A limit. Details on the calculations of the limits are presented in 
[4]. 

                                                 

1 Only the basic standards will be referred to for the rest of this report  (EN61000-3-2, EN55022 and EN55011). 
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1.2.2 Conducted Interference 

In the case of the conducted emission measurements, the interference is measured over a 
frequency range of 150kHz to 30MHz. The levels of permitted noise that are permitted by 
EN55022 class B and EN55011 class B (group 1) are shown in Table 1. Only Class B limits 
are presented here.  

 EN55022 Class B EN55011 Class B 

Frequency 
Band 

Quasi peak Average Quasi peak Average 

0.15 – 0.5MHz 66 to 562 56 to 462 66 to 562 56 to 462 

0.5 – 5MHz 56 46 56 46 

5 – 30 MHz 60 50 60 50 

Table 1: Limits for conducted disturbance – EN55022 and EN55011 Class B limits 

 

1.2.3 Radiated Interference 

Radiated interference can be divided in two categories: radiated magnetic field interference 
commonly measured from 150kHz to 30MHz, and radiated electric field interference 
commonly measured from 30MHz to 1GHz.  

In the case of radiated magnetic field emissions, no disturbance limits are specified in 
EN55011 and EN55022 for SMPS/SELC based devices. It is however good practice to 
perform radiated magnetic field measurements to ensure that the levels of radiated 
disturbance are not excessive and therefore demonstrate compliance with protection 
requirements of the 89/336/EEC EMC Directive.  

Radiated electric field emission limits are specified in both EN55011 and EN55022 from 
30MHz – 1GHz and are presented in Table 2.  

 EN55022 Class B EN55011 Class B 

Frequency Band Quasi peak Quasi peak 

30 - 230MHz 30 30 

230 - 1000MHz 37 37 

Table 2: Limits for radiated electric field disturbances  – EN55022 and EN55011 Class B 
limits 

                                                 

2 Level decreasing linearly with the log frequency. 
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2 NOISE CONSIDERATIONS IN SMPSS AND SELCS 

2.1 Reasons to move to SMPSs and SELCs 

Switched mode power conversion has many advantages making it very desirable or even 
essential in some applications. Switched mode power supplies are generally smaller and 
lighter in weight than the ir linear counterparts. They also are generally more efficient and 
have lower losses in the form of heat. Efficiencies in the order of 80-90% are typical. 

The main drawbacks of switched mode power conversion are firstly the complexity of the 
circuitry and secondly the production of electromagnetic interferences, also known as radio 
frequency interference, EMI or RFI. By careful design, the problem of interference can be 
minimised to an acceptable level in most applications. 

 

2.2 Noise Sources 

To see how EMI can arise, consider the following simple switching circuit. Initially with the 
switch open, there is an electric field only around the wire connected to the battery. This is a 
static field and does not induce interference in surrounding circuits. 

 

 

Figure 1: Simple switching circuit with switch open 

 

When the switch is closed magnetic fields are established around the conductors and an 
electric field is established in the right hand half of the circuit. 
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Figure 2: Simple switching circuit with switch closed 

The establishment of the field flux in the space around the wires involves rapid changes of 
these fields. These changing or moving fields may intersect other conductors in nearby 
circuits, inducing unwanted voltages and currents, namely interference. The amount of 
interference produced by the circuit will depend on the rate of change of voltage and current 
in the circuit and also upon the size or geometry of the circuit. A large, spread out, circuit will 
produce more interference than a small compact one for a given current or voltage change. 

 

2.2.4 Electrical Noise Sources 

Electrical noise arises in circuits carrying changing voltages and currents. Common sources 
of noise are relays, electric motor commutators, digital switching circuits and radio 
transmitting devices. 

2.2.4.1 Accelerating charge 
Electromagnetic interference is generated by the acceleration or deceleration of electrical 
charge in a circuit. A DC current consists of a steady flow of charge, which will produce 
static electric and magnetic fields, but no radiated electromagnetic field. As soon as the flow 
of charge is interrupted or otherwise changed, electromagnetic energy is radiated from the 
circuit. Circuits carrying rapidly changing currents and voltages are therefore prolific sources 
of electromagnetic radiation and therefore, potentially prolific sources of interference.  

2.2.4.2  Electrical Noise in SMPSs 
In the simple SMPS circuit shown in Figure 4, it is possible to identify the areas that give rise 
to EMI by considering the rate of change of the voltages and currents at different points in the 
circuit. In the vicinity of the switching transistor, there are high values of dV/dt and the 
conductors connecting to the primary and secondary windings of the transformer have high 
dI/dt values. Both of these can provide severe EMI if preventative steps are not taken. 
Additionally the rectification action of the diodes gives rise to a discontinuous flow of current 
and hence high dI/dt values. 
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Figure 3: Simple SMPS circuit 

EMI can be conducted along both internal and external wiring to the power supply. It can 
also be coupled electrically (capacitatively), magnetically (inductively) or radiated. Figure 4 
illustrates the potential EMI problem areas in a switching power supply. 

 

 

Figure 4: Potential EMI sources in a SMPS 

 

The potential sources of EMI in a SMPS are: 

• Conducted noise on the output connections to the load. 

• Conducted noise on the input power connections. 

• Radiated noise from external cables. 

• Direct free space radiation from the enclosure. 

For EMI to be a problem in any electronic system there are three requirements: 

• There must be a “source” of interference. 

• There must be a transmission medium. 

• There must be a susceptible receiver – a “victim”. 



RA (AY4398) EMC Code of Practice for SMPSs and SELCs  8268CR2 

York EMC Services Ltd. Page 12 of 31 Issue 2 

Removing any one of these will prevent the problem, but ideally, all three should be 
eliminated to avoid unexpected problems when the equipment is in use. 

In SMPSs, there are two main areas, which require special attention:  

• Conducted noise on the input power supply wiring and cabling. (This noise can 
also convert to radiated interference when the cable acts as an antenna). 

• Radiated noise from the switching circuits. 

 

2.2.5 Noise Reduction Techniques 

2.2.5.1 Noise Reduction at Source 

The requirement for efficient power conversion requires rapid switching of current and 
voltage by the main switching transistor. This gives rise to high dI/dt and dV/dt values that 
cause EMI. The major source of EMI in a switched mode power supply is around the main 
switching transistor. The abrupt transitions of switching current and voltage shock excite 
oscillations in the parasitic capacitances and inductance of transformers (chokes and wiring). 
In order to reduce this interference at source, a slight trade-off with efficiency can be made 
by deliberately reducing the speed of the current changes, dI/dt, and voltage changes, dV/dt, 
at the switching devices. This can be achieved by the addition of small series inductors to 
limit dI/dt and small shunt capacitors to limit dV/dt as shown in Figure 5. Typical values are 
500 nH and 100pF. 

 

 

Figure 5: dI/dt and dV/dt limiting 

This solution will give a slight increase in the power dissipated in the switching device. 

Another source of interference is the fast fall time current spikes, which occur when diodes 
are reverse biased. Typically, a fast recovery diode will “snap off” in around 10 ns. This can 
result in ringing and radiation in the very high frequency region. 
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The fast fall time current spikes arising from diode snap-off can be controlled by the use of 
“soft recovery” diodes or by the incorporation of a low value ceramic capacitor connected 
across the diode. Again, a small trade-off can be made with efficiency by using small RF 
inductors in series with the main switching transistors to limit the switching edges, thereby 
giving a substantial reduction in EMI at source. Additionally, the circuitry should be 
contained in a grounded metal screening enclosure in order to prevent radiated interference. 
Usually effective suppression is only achieved by using both filtering and screening together, 
as neither is fully effective on its own. 

2.2.5.2 Filtering 

Frequency filtering is used to block the propagation of high frequency currents and voltages 
along cables and wiring. These are usually implemented in the form of low pass filter 
sections comprising suitable inductors and capacitors. The main problem areas in a SMPS are 
at the power input and the output. Generally, the problem is most severe at the input. These 
effects are often referred to as “conducted EMI”. 

2.2.5.3 Screening 

Screening is used to prevent stray fields and radiated energy from SMPS causing problems in 
nearby equipment. Screens for SMPSs are usually implemented using metal enclosures that 
reflect and absorb fields and radiation. 
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3 EMC DESIGN GUIDELINES 

3.1 Introduction 

Within EMC standards, there are no requirements to design for EMC, although equipment, 
which is built without any consideration, is likely to fail testing to the relevant EMC 
standards. Testing failure leads to re-design and re-testing, which are often expensive and 
time consuming.  

A product can be designed in many ways, and design for EMC compliance should be an 
integral part of the product design process. There are often various ways to prevent EMC 
problems, but at a late stage in the development, options for controlling the problems may be 
restricted and costly. Such issues can be avoided by following some “simple” guidelines. 
Some of these are summarised in the next few sections. 

 

3.2 Power Supply Considerations 
3.2.1 Nature of the Application 

SMPS/SELC based products are used widely in a variety of applications. SMPS/SELC and 
products incorporating them are therefore required to comply with the 89/336/EEC EMC 
Directive. In the case of applications related to radio communication equipment, such as a 
transmitter, the SMPS is then required to be tested to the appropriate ETSI EMC standards, 
and is required to comply with the 1999/5/EC R&TTE Directive.  

In all cases, it is important for the manufacturer to ensure that the product is tested to the 
appropriate standards. Specific considerations for the design may be then required to ensure 
compliance of the product with the respective Directive. 

 

3.2.2 “Internal” EMC and Signal Line Considerations 

It is important that the power supply operates correctly and its operation does not suffer from 
self-generated noise. For example, the circuitry used to control and regulate the output 
voltage level for varying load currents is generally implemented as some form of feedback 
controller. This is usually implemented with low-level circuitry that can be prone to 
interference. For correct operation, it is important that this does not happen. Careful de-
coupling of the control circuitry, and careful planning of the grounding within the supply is 
essential. 



RA (AY4398) EMC Code of Practice for SMPSs and SELCs  8268CR2 

York EMC Services Ltd. Page 15 of 31 Issue 2 

3.3 PCB Considerations 

The design of the printed circuit board (PCB) is crucial to the correct functioning of a SMPS. 
The trend to ever-higher switching frequencies coupled with more stringent EMI 
specifications make the design of the PCB increasingly demanding. 

Designers should follow good high frequency/radio frequency design practice in the design of 
PCBs. Connections should be kept as short as possible and tracks should be dimensioned to 
have as low an impedance as is feasible. 

It is good practice to use a “ground” plane. This can be realised by the use of double-sided (or 
multi layer) PCBs. Consideration should also be given to the use of thicker copper than the 
normal 1oz. Conductors should be made as wide as possible and this points to etching the 
minimum of copper from the board consistent with meeting insulation and clearance 
requirements. The ground plane works as a screen and helps to minimise radiation. It also 
gives a good low-impedance “zero-volts” connection. 

The layout of components also requires thought at a top-down level. The low-level circuitry 
associated with the control and monitoring of the power supply unit (PSU) should be kept 
separate from the high dI/dt and dV/dt values associated with the main switching transistor 
and transformer. 

 

3.4 Component considerations 

Filtering of the input and output leads to contain EMI within an SMPS is an important aspect 
of interference control. The components available for this purpose are capacitors, inductors 
and feed-through capacitors and filters. These must be chosen with care and appropriate types 
picked for the frequencies at which the filtering is to be effective. The most important 
consideration for choosing a component for this application is the value of its “parasitics”. 
Take, for example, the capacitor shown in the equivalent circuit below: 

 

 

Figure 6: Capacitor equivalent circuit 
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The capacitor equivalent circuit has series inductance, L, arising from the leads and the 
physical construction of the component and resistances associated with its losses. It is 
important that the effects of the parasitics are small at the frequency of interest if the 
capacitor is to be effective at decoupling or bypassing. 

Capacitors for EMI suppression and filtering should have good high frequency properties and 
a low series inductance. The most useful types are disc and plate ceramic components. These 
have excellent high frequency properties with good high voltage properties. It is important to 
consider the effect of lead length on the layout of the filter and the effectiveness of the bypass 
capacitors. The table below gives the self- resonant frequency for ceramic capacitors of 
different values with different lengths of leads. 

 

Capacitance - pF 0.25in leads 0.5in leads 
10,000 12 - 

1,000 35 32 

500 70 65 

100 150 120 

50 220 200 

10 500 350 
Table 3: Examples of self-resonant frequency for ceramic capacitors of different values 

with different lengths of leads (frequency in MHz) 

It is important to use capacitors whose self-resonant frequency is well above the frequencies 
at which bypassing or decoupling is to be effective. At switching frequencies where a higher 
capacitance is required than is available from ceramic types, polycarbonate or polypropylene 
types are the most effective. 

Figure 7 shows the effect of self-resonance on the impedance of a capacitor. Above 
resonance, the impedance rises and can become greater than that of an “ideal” capacitor, 
rendering it ineffective as a bypass or decoupling component. 
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Figure 7: Plot showing the variation of capacitor impedance with frequency 

Inductors also exhibit self-resonant effects arising from their parasitic inter-turn capacitance. 
This capacitance appears in parallel with the inductance, and above the resonant frequency, 
the reactance of the inductor will start to fall, making it less effective as a choke. 

3.5 EMC specific Components 
3.5.1 Ferrite Beads 

Ferrite beads are a simple way to control EMI. They are formed from cylinders of ferrite 
material, with an axial hole through the centre. They can easily be slipped over the leads of 
components or over cables to provide attenuation of high frequency signals. They are most 
effective above 1MHz and when properly used can give effective high frequency decoupling 
and shielding. They are particularly useful in applications where a high current is flowing and 
it is not possible to insert a resistor in the circuit. Figure 8 shows the equivalent circuit of a 
ferrite bead at high frequencies. 

 

 

Figure 8: Ferrite bead 
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The resistive component arises from the loss component of the ferrite. Ferrite beads are most 
useful for damping out high frequency oscillations and "ringing" in switching circuits. They 
are also useful for blocking high frequency noise on power lines. The impedance of most 
beads is limited to around 100 ohms, making them most effective in low impedance lines, 
such as power supplies and switching circuits. Typically, ferrite beads are used in conjunction 
with shunt capacitors to form low pass filters to block EMI on lines. Care should be taken in 
their use not to introduce any spurious resonances into a circuit that could exacerbate an 
interference problem. Another point that is often overlooked is that the current flowing 
through the wire must not saturate the ferrite. A ferrite will saturate at a much lower DC 
current than with AC. 

 

3.5.1 Feed-through Filters 

Feed-through filters are useful components for EMI suppression. They consist of a central 
ferrite bead to supply series inductance between two coaxial ceramic capacitors formed from 
a high dielectric ceramic material. These are manufactured by many companies and are 
available in a variety of voltage and current  ratings, covering a range of frequencies. They are 
available as both L and Pi low-pass sections and are convenient to use. Figure 9 shows the 
construction of a typical feed-through filter. 

 

 

Figure 9: Feed-through filter construction and equivalent circuit 

 

3.6 Inductors 

Inductors may be classified by their core type. The most general types are the air-cored 
varieties and the magnetic core types. Magnetic core types can be further subdivided 
depending on whether the core is open or closed. Designing EMI filters would not be a 
problem if the inductors were ideal. Unfortunately, they have stray capacitance arising from 
adjacent turns and stray resistance from the wire of which it is wound. 

In a low pass filter configuration, the inductor will only be effective if it is operated well 
below its self-resonant frequency; thus, ideally, only the smallest inductance should be used 
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that will give the necessary attenuation, at the lowest frequency at which the filter has to 
reject. Another important consideration in the choice of an inductor is its stray magnetic field. 

 

3.6.1 Toroids 

Closed core types, for example toroids, have a much-reduced surrounding magnetic field as 
compared to air or the open cored types. Consequently, they are much less prone to radiate or 
receive signals by means of stray magnetic coupling. If a toroidal inductor cannot be used, it 
may be necessary to enclose the winding in a metal box providing magnetic shielding. 

 

3.6.2 Air Cored 

Air cored or self-supporting coils are only useful to obtain small inductance values, of the 
order of a few micro-Henries. They have the advantage that they do not have a core to 
saturate. 

 

3.6.3 Ferrite Cores 

Ferrite cored inductors are used to achieve compact inductors with a higher inductance value 
in the tens of micro-Henries to Henry range. Care must be taken to ensure that the current 
flowing in the winding does not saturate the core material. Care must also be taken to ensure 
that the stray capacitance of the winding does not resonate with its inductance to bypass the 
effect of the inductance. Open cored types also produce stray fringing fields from the ends of 
their cores. 

 

3.7 Common Mode Chokes 

A useful component for filtering power supply lines between equipments is the bifilar wound 
choke. It is especially useful when common mode or ground noise is a problem and finds 
almost universal use in switched mode power supplies. It consists of windings placed on a 
core to form a broadband transformer that allows equal and opposite currents to flow through 
its windings whilst suppressing common mode currents such as ground noise. Because of the 
bifilar winding no net flux is set up in the core when the currents are balanced and in flowing 
in opposite directions, therefore the balanced currents do not encounter any inductance. When 
balanced currents flow in the same direction there is a net flux giving an inductance and the 
choke opposes such currents. An additional advantage of the balanced configuration is that in 
normal operation the core is kept well away from saturation. Figure 10 below illustrates the 
use of a bifilar choke between a supply and a load. 
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Figure 10: A bifilar choke used to block EMI between a supply and a load 

 

Bifilar chokes are used to break ground loops as shown in Figure 11. This figure shows an 
equivalent circuit of a bifilar choke including an interfering ground potential. 

 

 

Figure 11: Equivalent circuit of a bifilar choke 

 

To understand how the common mode choke operates consider each voltage generator in 
Figure 11 in turn. Firstly, neglecting Vg the equivalent circuit becomes: 

 

 

Figure 12: Equivalent circuit for a balanced supply only 

 

The two windings are wound to have identical self- inductances and are closely coupled so 
that: 
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L1 = L2 = M  Equation 1 

 

Since the two windings are connected so that their fields arising from the current from Vg 
cancel, both the mutual and self- inductances will cancel causing the choke to have no effect 
in the ideal case. In practice, the windings have a small resistance and this may have to be 
taken into account. 

For an unbalanced (ground) voltage the circuit becomes: 

 

 

Figure 13: Equivalent circuit for an unbalanced supply only 

In this case, the windings are in the same sense and the inductances oppose the currents I1 
and I2, minimising the currents in the load caused by Vg. 

 

3.8 Transformers 

Transformers for SMPS are usually constructed on some form of ferrite core, often a toroid or 
an “E” type core. The primary and secondary windings are in close proximity and can have a 
capacitance of the order of tens of pF between them. This capacitance allows the transmission 
of electrical noise from the primary winding to the secondary winding. In most power 
supplies, the output is referred to ground (usually the case) so that the secondary is connected 
to ground. This provides a path for noise to be transmitted back into the prime power supply 

as shown in the figure below. The interference current, “Iinterference”, flows in the “Y” 

capacitors causing a voltage to be dropped across them. The “Y” capacitors usually have a 
maximum capacitance set by the acceptable earth leakage current. Typical values are 2.2nF 
or 4.7nF. 
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Figure 14: Noise transmission across transformer 

 

One method of reducing the effect of noise coupling is to use a Faraday or electrostatic screen 
between the primary and secondary windings. This consists of a metal foil; usually copper, 
placed between the two windings in such a way that is does not form a short circuit. In other 
words, the start and end of the foil winding must be insulated from each other. The copper 
tape does not affect the magnetic coupling between the windings but it acts as a screen to 
electrostatic (capacitive) coupling. 

 

 

Figure 15: Figure of faraday screen 

 

Without the screen the flow of the interference current, “I interference”, in the two “Y” 

capacitors, causes an interference voltage across them. This voltage is effectively across the 
mains input and ground and is effectively transmitted into the prime power supply. By 
introducing the screen (Figure 16), and returning it to the primary side of the transformer, it 

prevents the flow of the interference current, “I interference”, in the two “Y” capacitors, 

reducing the noise voltage across the capacitors, decreasing the propensity to conduct noise 
into the mains supply. 
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.  

Figure 16: Use of a Faraday screen to contain switching noise 

 

3.9 Network Isolator 

The interference problem is most severe at the input of a switched mode power supply. At the 
output there is generally a low pass filter section, to remove the switching frequency ripple, 
and this serves to attenuate high frequency noise. It is usually only necessary to add a 
relatively simple single section LC low pass RF filter on the output lines in order to meet 
most EMI output specifications. The filtering at the input must be capable of blocking the 
switching frequency ripple and its entire harmonics well into the MHz region of the 
spectrum. This ensures that no interference is fed back into the prime power supply. 
Typically, to meet most input noise specifications a mains input filter such as that shown 
below is used. 

 

 

Figure 17: A typical mains input filter 
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In this input filter two bifilar, or common mode, chokes are used along with four bypass 
capacitors. The values of the chokes depend upon the switching frequency and the amount of 
attenuation required. The value of the ground bypass capacitors is limited by the amount of 
earth leakage current that is acceptable. Normally this is close to 2.2nF or 4.7nF. 

At the output, the filtering problem is normally easier as there is already a low-pass filter to 
smooth the output current. Typically, for a switching frequency of 40kHz, a single section 
low-pass filter can be used. It is important to choose components that are effective at the 
frequencies of interest and do not suffer from parasitic stray effects. 

 

3.10 Isolated DC-DC Converter 

The techniques for suppressing DC-DC converters with isolation are largely the same as 
those for SMPSs. Careful filtering of both the input and the output of the supply is required to 
prevent conducted EMI and again this should be combined with effective screening. 

 

3.11 Grounding 

Grounding is an important aspect of interference control. One possible configuration is 
shown below in Figure 18. 

 

 

Figure 18: Series connection - single point 

 

This will ground each unit 1, 2 and 3 but if the circuit is considered in more detail and the 
wiring impedances, which become significant at high frequencies, are added to circuit it is 
possible to see the potential pitfalls of this configuration.  

Inclusion of these points gives a different appearance to the first of these two earth circuits.  
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Figure 19: Series connection - single point, plus parasitic resistances 

 

Two points should be borne in mind when discussing grounding: 

• Separate ground points on a chassis are seldom at the same potential; 

• All conductors and wires have finite impedance. 

The first point dictates that a common single point earth is desirable; unfortunately, in 
practice this tends to mean that a number of common impedance paths are introduced into the 
earth returns for units 1, 2 and 3. A situation where this occurs commonly is in printed circuit 
boards, which pick up all their connections including ground through an edge connector. This 
can result in excessively noisy grounds especially if one of the stages is high-powered. 

At low frequencies where wiring inductance is not a problem the solution is to use a single 
point grounding scheme, such as, that shown in Figure 20. 

 

 

Figure 20: Parallel  connection - single point 

 

This scheme avoids the problems of common ground return paths and impedances however; 
it is cumbersome and can necessitate long ground connections. For frequencies above around 
1MHz, a low impedance ground plane is good practice especially on printed circuit boards. 
Here multi-point grounding is the preferred method, as shown in Figure 21 provided the 
ground connections are kept short and direct. 
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Figure 21: Multi-point grounding 

The importance of choosing grounding points carefully can be illustrated in the following 
simple SMPS circuit (Figure 22). The gate of the transistor is driven from the secondary of a 
pulse transformer to provide mains isolation for the control electronics. In the first circuit, the 
lower connection from the secondary of the gate drive transformer includes a length of 
common wire connection, which carries the source current. At the switching frequenc ies in 
common use, this wire could have a significant inductance causing a voltage drop to occur 
along its length. This voltage could easily be large enough to cause faulty turn-on cycles in 
the Metal-Oxide-Silicon Field Effect Transistor (MOSFET). By making the transformer 
connection directly to the source of the transistor, this problem is avoided. 

 

 

Figure 22: Method of avoiding faulty turn on cycles due to wiring inductance 

 

In practice, it is often impossible to stick rigorous ly to one grounding scheme or another and 
the following guidelines should prove useful. 

• Never combine noisy, "high power" circuit grounds with ones for "low powered" 
signal circuitry. 

• Group grounds leads selectively, i.e. place high power grounds together and keep 
low power grounds together. 
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• Provide separate grounds for chassis, case and AC power ground when required 
for safety. 

• Keep high power grounds as short as possible. 

 

 

Figure 23: Grounding Guidelines 

 

3.12 Screening 
3.12.1 Near/Far Field 

Another important consideration in the design of switched mode power supplies is the 
prevention of radiated interference from the supply entering into surrounding systems and 
wiring. This is achieved by paying careful attention to screening and grounding throughout 
the design. Switching regulators can generate noise up to frequencies in the VHF range (up to 
300MHz). Cable radiation tends to dominate up to approx 200MHz after that enclosure 
radiation takes over. These frequency components are easily radiated from packages that are 
not RF tight; in other words, the circuitry of the supply should be fully enclosed in a 
grounded (theoretically the screened enclosure does not have to be grounded to function as a 
faraday screen), conducting case. In addition, all leads for input, output and control functions 
must be adequately filtered at the point of entry to the case. All lids and covers should be 
bonded onto the main chassis using fastening spaced less than one tenth of the maximum 
frequency of the RF gasket material. For optimum screening, the enclosure should be thought 
of as being electrically watertight. When planning screening for a supply it is necessary to 
know the type of field that is being shielded against. The characteristics of the field are 
determined by the nature of the source. A source with a high current and low voltage will 
have a near field that is predominately magnetic, while one that has a high voltage and low 
current has a predominately electric field. The electric and magnetic fields must be 
considered separately. Electric fields are relatively easy to shield against by using a metal 
sheet of good electrical conductivity, as the prime shielding mechanism is reflection. 
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3.12.2 Screening Mechanisms 

An electromagnetic screen works in two ways. Firstly, it serves to reflect the unwanted field 
and, secondly, energy transmitted through the screen is absorbed and hence attenuated. The 
total attenuation provided by the screen is the sum of the absorption loss and the reflection 
loss: 

 

Total attenuation = absorption loss + reflection loss  Equation 2 

 

Reflection loss can be calculated from knowledge of the wave impedances in the screen and 
the wave impedance of the surrounding medium.  In order to maximise the loss through the 
screen, the amount of the signal reflected from the screen should be high and the amount of 
signal transmitted should be small. A useful analogy is to think of the matching at the 
junction of two transmission lines of different characteristic impedances. In the case of a 
screen, in order to maximise reflection, it is necessary to ensure that the wave impedance of 
the screen is radically different from that of the surrounding air. Figure 24 shows the 
relationship between the incident and transmitted fields at the boundary between two media. 

 

 

Figure 24: Transmission at the boundary between two media 

 

3.12.3 Magnetic Fields 

Magnetic fields are more difficult to contain. Reflection loss is generally low  (<= 10 dB) as 
the near-field wave impedance is low and comparable to that of a metal sheet. The main 
mechanism has to be absorption, so it is necessary to use thick screens of a material with high 

relative permeability, µr. The commonest solution is to use mild steel, which has a relative 
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permeability of around 1000. There are also special alloys such as mu-metal that have 
permeabilities of around 10,000 that can be used to solve magnetic field problems. These 
have some drawbacks, however, as they tend to lose their magnetic properties when 
mechanically worked or subjected to vibration. They are also not as effective at frequencies 
in excess of around 1kHz. An alternative approach to dealing with magnetic screening at 
frequencies in the tens of kilohertz region is to enclose the field in a material with a band of 
metal of high conductivity. Provided the metal thickness is greater than the skin-depth at the 
minimum frequency of interest, it will enclose the magnetic field. This is often used to screen 
transformers in SMPS and takes the form of a copper band placed around the core external to 
its magnetic circuit and is termed an “eddy-current band”. 

 

3.12.4 Electric Fields 

Electric fields are relatively easy to screen. In both cases, the main mechanism is reflection. 
For good reflection, it is necessary to use a good conductor such as copper. Attenuation levels 
of around 150-200 dB are relatively easily obtained. 

 

3.12.5 Radiated Fields 

A useful general-purpose screen is provided by plated steel. Here, the high permeability of 
steel is available to combat magnetic fields, and a high conductivity plating such as copper, 
tin or zinc provides good electric field screening. In practice, it is difficult to fully enclose a 
unit such as a power supply in a metal box, as some provision must be made for cooling 
either by convection or forced air-cooling. This necessitates the provision of holes for the air 
to pass through. The shielding effectiveness of a square grid of side l, of round holes of 
diameter d, and pitch c is 

 

dB
d
l

d
lc

S 8.332log20
3

2

++=     Equation 3 

Where S, the shielding effectiveness, is the improvement in shielding over a square hole of 

side l. This assumes that the holes are acting as short waveguides below cut-off; i.e. d < 
π
λ

2
, 

where λ is the wavelength at the frequency of interest. 

Other areas to pay particular attention to in the design of screens are the joints and seams in 
cases and the seating and electrical bonding of lids and covers. If a lid or joint is not tight 
fitting it is relatively easy for it to act as a slot antenna, making it an excellent radiator and 
receiver of interference. To avoid this, the use of multiple fixings or conducting gaskets is 
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recommended in all joints and covers. Actual screening effectiveness obtained in practice is 
usually determined by the leakage at the seams and joints, not by the material itself. 

The maximum dimension (not area) of a hole or gap determines the amount of leakage, e.g. 
slot radiator. A large number of small holes result in less leakage than a larger hole of the 
same total area. 
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