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In industrial applications such as ac/dc converters, one of the favorite structures is the half

For high efficiency and low electromagnetic interference (EMI) applications, Soft
been developed to reduce switching losses and electromagnetic interference (EMI). Under soft
conditions, the switching frequency can be increased to enhan
commonly attained by zero voltage switching (ZVS) and zero current switching (ZCS). 
which have been investigated intensively, can achieve very low switching loss, thus enabling resonant
to operate at high switching frequencies.

An LLC resonant converter is employed as the dc/dc converter because LLC resonant converters have 
characteristics of high efficiency and low noise. This works in make efforts to control the drifting bus
However, since lower cost is a major advantage in a single
cost is important. (Infineon Technologies: 2010
LLC converter. However, the LLC converter characteristics are not well derived, so the bus voltage cannot be 
limited as much as well. In this paper, the relationship between the output powers of a boost stage and an LLC 
stage is derived.In power supplies, the two prominent typ
Comprehensive regulations provide limitations to radiate and conducted EMI generated when the power supply is 
connected to the mains. The goal is to meet EMI regulations while not disturbing other applications 

The power supply should also be self
 
Types Of Emi And Their Caracteristics
The causes of EMI problem are explained below

An Electromagnetic signal source which creates some kind 
being generated or transmitted, and/or there is a receiver sensitive enough to be distorted by the noise, as shown in
Figure 1. 
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A B S T R A C T  
The problem of EMI reduction is the topic of major interest in recent years. EMI 
reduction is one of the aspects in the power converter operation and control. EMI 
Reduction refers to techniques such as spread spectrum clocking
of electromagnetic interference or EMI,EMI is defined as EMI = kIAf2 where I is the 
current, A is the loop area, f is the frequency, and k is the constant de
materials and other factors. Among various dc/dc converters, LLC resonant converter has 
been attracting more and more attention for its inherent merits, like soft switching, low 
EMI, high efficiency, and high power density. In this paper how
using LLC resonant converter and their modeling and designing methodologies 
presented. 

INTRODUCTION 

In industrial applications such as ac/dc converters, one of the favorite structures is the half
ncy and low electromagnetic interference (EMI) applications, Soft-switching techniques have 

been developed to reduce switching losses and electromagnetic interference (EMI). Under soft
conditions, the switching frequency can be increased to enhance the converter power density. This condition is 
commonly attained by zero voltage switching (ZVS) and zero current switching (ZCS). 
which have been investigated intensively, can achieve very low switching loss, thus enabling resonant
to operate at high switching frequencies. 

An LLC resonant converter is employed as the dc/dc converter because LLC resonant converters have 
characteristics of high efficiency and low noise. This works in make efforts to control the drifting bus
However, since lower cost is a major advantage in a single-stage converter, keeping the system simple and at low 

Infineon Technologies: 2010) The work in investigated the characteristics of a single
r, the LLC converter characteristics are not well derived, so the bus voltage cannot be 

limited as much as well. In this paper, the relationship between the output powers of a boost stage and an LLC 
.In power supplies, the two prominent types of EMI are conducted EMI and radiated EMI. 

Comprehensive regulations provide limitations to radiate and conducted EMI generated when the power supply is 
mains. The goal is to meet EMI regulations while not disturbing other applications 

The power supply should also be self-compliant and tolerate a certain amount of EMI from the outside

Types Of Emi And Their Caracteristics: 
are explained below:  

An Electromagnetic signal source which creates some kind of noise, a device sensitive to the type of energy 
being generated or transmitted, and/or there is a receiver sensitive enough to be distorted by the noise, as shown in
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The problem of EMI reduction is the topic of major interest in recent years. EMI 
the aspects in the power converter operation and control. EMI 

spread spectrum clocking to reduce the effects 
or EMI,EMI is defined as EMI = kIAf2 where I is the 

current, A is the loop area, f is the frequency, and k is the constant depending on PCB 
materials and other factors. Among various dc/dc converters, LLC resonant converter has 
been attracting more and more attention for its inherent merits, like soft switching, low 
EMI, high efficiency, and high power density. In this paper how EMI can be reduced by 
using LLC resonant converter and their modeling and designing methodologies 

In industrial applications such as ac/dc converters, one of the favorite structures is the half-bridge rectifier. 
switching techniques have 

been developed to reduce switching losses and electromagnetic interference (EMI). Under soft-switching 
ce the converter power density. This condition is 

commonly attained by zero voltage switching (ZVS) and zero current switching (ZCS). Resonant converters, 
which have been investigated intensively, can achieve very low switching loss, thus enabling resonant topologies 

An LLC resonant converter is employed as the dc/dc converter because LLC resonant converters have 
characteristics of high efficiency and low noise. This works in make efforts to control the drifting bus voltage. 

stage converter, keeping the system simple and at low 
The work in investigated the characteristics of a single-stage 

r, the LLC converter characteristics are not well derived, so the bus voltage cannot be 
limited as much as well. In this paper, the relationship between the output powers of a boost stage and an LLC 

es of EMI are conducted EMI and radiated EMI. 
Comprehensive regulations provide limitations to radiate and conducted EMI generated when the power supply is 

mains. The goal is to meet EMI regulations while not disturbing other applications nearby. 
compliant and tolerate a certain amount of EMI from the outside. 

of noise, a device sensitive to the type of energy 
being generated or transmitted, and/or there is a receiver sensitive enough to be distorted by the noise, as shown in, 
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Fig. 1: Transmission path of Electromagnetic compatibility  
 
The noise source can be inside or outside the power supply. Tackling the noise problem at the source means 

reducing the emission levels — for example, by lowering noise amplitudes. Different coupling mechanisms exist 
for noise, and many EMI countermeasures focus on these; however, they overlook what can be done at the emitter 
or receiver. A receiver susceptible to noise injection must exist in the system if there is an EMI problem. Here, the 
obvious solution is reducing its sensitivity. At this point, a fundamental distinction must be made between the two 
types of EMI problems: - Improving EMI so that the design meets regulations and will pass EMI testing (also 
called EMC or electromagnetic compliance) - Improving EMI so that the design works reliably in all modes of 
operation, with good efficiency, and does so without being disturbed by other (EMC-compliant) equipment 
nearby For the first type, test methods and certified labs exist. For the second type, it is important to take the 
design through all design stages, carefully checking to see if poor EMI design may be the cause of the problem. 

 Here, it is important to consider component variations. Maybe the components in the prototype are such that 
no problem is visible, but the components used in production may cause problems. The four coupling mechanisms 
are: Resistive (or galvanic) coupling: The noise signal is transferred via electrical connections. This works at all 
frequencies, and is usually fixed by good layout (particularly the ground layout) and filtering with capacitors and 
inductors or lower signal levels with RC elements. “Common impedance” coupling can be classified as galvanic 
coupling. Capacitive coupling: Electrical fields are the main transmission path. Capacitance levels are mostly 
small so this affects small signals and/or high frequencies. Shielding the source using thin conductive layers is 
most effective. Inductive coupling: This transmission path is quite common in switched-mode power supplies 
since high frequency currents in the inductors can cause strong magnetic fields at higher frequencies, where the 
coupling factors can be higher. Magnetic shielding is less effective than electric shielding since the absorption 
depth is smaller, requiring thicker materials. Inductive coupling is best addressed at the source. Wave coupling: 
Here, the noise typically has a high frequency, and is transmitted via an electromagnetic wave. It does not play a 
major role in power supplies, since frequencies are not high enough, and can be damped very effectively with 
shielding. This paper will focus on capacitive, resistive, and inductive coupling; as they are the most important 
sources of EMI issues in power electronics applications. It is generally accepted industry practice to consider 
conducted EMI below 30MHz, radiated EMI above 30MHz, and in most cases up to 1GHz – exceptions do exist, 
however. Coupling modes cannot be treated in isolation since ideal elements exist only in simulators, not in real 
life. Parasitic elements are always present. The parasitic capacitors and inductors contribute to the problem, as 
parts of tank circuits that will resonate when stimulated by a voltage or current edge. (Dong, D., et al., 2010). The 
parasitic tanks help to convert one coupling mode into another, and that is why coupling modes cannot be 
analyzed and fixed in isolation. The third parasitic element, resistance, actually helps to ease the problem by 
damping the resonant oscillation. Using the amplitude change from peak to peak can help to calculate the parasitic 
resistance, identify it in the circuit, and optimize the circuit accordingly. 
 
Standards And Specification For Emi: 

As the consumption of electrical components have moved from light weight bulbs to large power motors, the 
power supplies with rectifiers and capacitors  worsened the quality of the grid voltage. This led to the emergence 
of the worldwide standards to mitigate these problems. 

Standards and Specifications differ in such a way that standard is a general guideline, from which 
specifications may be derived. A specification is a document, usually containing numerical details, to which the 
adherence is required contractually. (Kong, P., 2009) 

The importance in the use of standards and specifications is that of the EMI safety margin (EMISM) which is 
defined as the ratio between the susceptibility threshold and the interference present on a critical test point or 
single line. The EMISM concept applies for both conducted and radiated interference. Conducted interference are 
quite well defined whereas the radiated signal received by a susceptor depends upon its distance as well as its 
physical parameters related to the source.The standards can be grouped into local/regional standards, Military 
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standards (MIL), automotive standards, standards for aircraft industry; physically large equipment and more 
specialized equipment (smart meters). 

CISPR11, EN55011 – Industrial, Medical and Scientific    
applications 
CISPR13, EN55013 - Consumer Application 
CISPR14, EN55014 – Home appliances, power tools  
involving motion control. 
CISPR15, EN55015 – Lighting Equipment 
CISPR22, EN55022 – Computing applications 
The two important standards for power supplies are EN550XX and EN61000. The applications connected to 

the grid must comply with both standards. The first standard covers EMI for various applications defining the 
measurement for both conducted and radiated EMI, defining the limit values and high frequency generated by the 
application. CISPR- Committee International special perturbation Radioélectriques. This specification is 
concerned with measurement of noise produced by the disturbing effects in radio system. The standard 61k 
defines the behavior of voltage and frequency variation, immune to conducted and radiated radio frequency 
signal, fast voltage transients, surges, voltage dip/ drop, short interruptions and flicker and magnetic fields. The 
standard 61k is grouped into different classes. Different limit levels exist for the different classes. An overview is 
given below: 
 
Table 1: An overview of different classes for 61K 

Class Equipment Power  Comment 
A 3 phase equipment, household appliances, 

dimmers etc 
> 75W The limit values are defined as absolute 

values 
B Arc welding, portable tools >75W The limit values are defined as absolute 

values 
C Lighting >25W The limit values are defined as relative  

values to first harmonics 
D Personal computers, Monitors and television 75W - 600 W The limit values are defined as relative per 

input power 

 
Llc Resonant Converter: 

The design of LLC resonant converter is to achieve minimum loss at normal operation conditions and be able 
to achieve the required maximum gain to ensure a wide operation range. LLC Resonant converter exhibits 
superior performance such as low switching loss and low voltage stress on the secondary side rectifiers with high 
efficiency.In LLC configuration, the uncoupled inductor can be replaced by a coupled one so that the size of the 
converter can be reduced. This paper focuses on the design aspects of the LLC resonant converter. The design 
equations are presented (Xie, Y., et al., 2009; Xie, Y., J. Sun and J.S. Freudenberg, 2009) and the performance 
parameters such as Transformer turn ratio n, series resonant inductor�� , resonant capacitor Cr, Magnetic 
inductance Lm and resonant inductor ratios are computed.  

 
Fig. 2: LLC Resonant Converter  

 
Fig.2 shows the circuit diagram of a half-bridge LLC resonant converter which consists of two inductances 

transformer magnetizing inductance Lm, resonant inductance ��  and resonant capacitance Cr. Transformer 
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primary output is a square- wave and the transformer turns ratio decides the voltage gain. On the secondary side of 
the transformer, a full-wave synchronous rectifier is added at the output to get a regulated DC output. 

The advantage of LLC is achievement of ZVS even under no-load condition and narrow switching frequency 
at light load (Chen, W., et al., 1995; A.W. Lotfi, Q. Chen, F.C. Lee, 1992; Boroyevich, D., et al., 2013). The DC 
characteristics of LLC resonant converter could be divided into Zero Voltage Switching (ZVS) region and Zero 
Current Switching (ZCS) region. For this converter, there are two resonant frequencies. One frequency is 
determined by the resonant components Lr and Cr. The other frequency is determined by the magnetizing 
inductance (Lm), Cr and load condition. As load getting heavier, the resonantfrequency will shift to higher 
frequency.  
 
Design Equations: 

The following are design equations for the LLC converter, including a design example using Half Bridge 
front-end and two (Infineon Technologies: 2009) center-tapped, passively rectified outputs to clarify the use of the 
equations. The example uses a proposed design process to establish resonant tank component values based on 
certain guidelines. 
 
Table 2: Specifications of LLC Circuit. 

Input voltage {Vi}  320 V-420 Vdc (PFC pre-regulated bus – universal ac)  
Output voltage 1 {Vo1}  24 V  
Maximum output current 1 {Io1,max}  6 A  
Output voltage 2 {Vo2}  12 V  
Maximum output current 2 {Io2,max}  5 A  
Maximum power {Po,max}  204 W  
Switching frequency {fs}  100 kHz, nominal at full load, 380Vdc  

 
Converter Gain: 

The winding ratio between the primary winding, npri, and the secondary winding, nsec, gives one gain-term as 
in other transformer isolated SMSP. 

 
G

XFMR  

=
 

n
sec  

(1) 
 

n
pri 

Since the resonant converter gain is expressed with respect to sinusoidal in- and out-puts, both need 
conversion, which results in a total gain factor of 

GHB≈ 
1 

, GFB≈1  

2    

 
for half-bridge or full bridge front-ends respectively. 
 

Converter Gain: 
The winding ratio between the primary winding����, and the secondary winding����, gives one gain-term as 

in other transformer isolated SMSP. 
	
�� = ����

����
                                          (1) 

Since the resonant converter gain is expressed with respect to sinusoidal in- and out-puts, both need 
conversion, which results in a total gain factor of 

	�� = �
� 	�� ≈ 1                                          (2) 

The gain for half-bridge or full bridge front-ends respectively are0.5 or 1. 
The last gain –term is the one of the resonant network: 

���,  , !"# = �$%�&'�#
(�&.�$%'�#%*�$%.��$%'�#%.�&'�#%.+%                                        (3) 

Where 

� = ,-� .�/
0�  ,      Quality factor                                  (4) 

12� =  4
5% . ����%

����% . 16,    Reflected load resistance                             (5) 

!$ =  78
7� ,                   Normalized switching frequency                         (6) 

9� =  �
�5(-�.�,              Resonant frequency                                (7) 
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-� ,  Ratio of total primary inductance to resonant inductance                        (8) 

 

 
Fig. 3: Design flow chart for LLC  
 
Determining resonant components: 

Based on the table 2 value we can calculate the minimum resonant gain is  

	=>,&�� = =�,?@<
=�,<�?

. 1.1=1.3                                                         (9) 

When adding 10% to the head room. The resonant frequency9�, is set equal to the desired switching frequency 
for best efficiency. 

Picking the right – optimal – maximum Q and m values is a very involved task that requires iterations, 
physical experiments and complex calculations, which is not the purpose of present Design Note. Instead some 
guidelines will be followed gain plots for several values of Q in the range from “small” (0.2) to “large” (5) for 
some quasi-arbitrarily chosen value of m=6. At the maximum Q (heaviest load), the minimum resonant gain 
(determined above in (9) must be achievable. A value of QMAX  higher than ~0.7 will probably not satisfy the 
requirements. (Infineon Technologies: 2011) Q will have its minimum value at light loads, where the gain curve 



122                                                            D.Saravanakamalam and Dr.V.Kamaraj, 2016 
Australian Journal of Basic and Applied Sciences, 10(5) Special 2016, Pages: 117-126 

 

 

becomes very shallow at higher frequencies. The converter must be able to buck the voltage enough when the 
input voltage is high. Subtracting 10% for tolerances, the bucking-gain is obtained: 
	=>,&2$A B�,?@<

B�,<08.C.DAC.4�                                      (10) 

We see from Figure 4 that �&2$ values less than ~0.3 will result in high frequency at high input voltages 
which will decrease efficiency (added switching loss). A good choice of �&2$ is somewhere in the middle: Qma= 
0.5. Based on the design flow diagram formulas we can calculate the values of L and C. 

 
 

Fig. 4: LCR Circuit Response Curve 
 
The maximum gain occurs at a normalized frequency that can be approximated by 

!E,&2$ ≈ �.�F
√&  ,                                        (11) 

The highest permissible value of m can be determined to be m=5 
Resulting in maximum gain of 

� H0.5,5, �.�F
√F K = 1.31@  56 OPQ,                                      (12) 

The turn ratio for the transformer must be calculated to give the required overall gain       

	��.	
�� . 	��� = =@
=�

→ �� = ����
����S ≈ 8.5, �� = ����

����% ≈ 17                            (13) 

The three unknown variables �� , �& V�W X� can be determined by the formula 
 

�� = �
��57@#%..�,  Resonant inductor                              (14) 

 

X� = �
�5+7Y0�,   Resonant Capacitor                             (15) 

 

�& = � Z*�#%.-�
��Z*�# ,        Magnetic inductance                                             (16) 

 

Resonant inductor Ratio:
-<
-�                                                               (17) 

 
Mosfet Considerations: 

In an off-line application with a pre-regulated bus, the primary side MOSFETs each sees a maximum voltage 
equal to the bus voltage. Due to resonant operation, over- and under-shoot is negligible, so minimum breakdown 
voltage rating of the MOSFETs must be 
 

Vbr, S1, S 2�Vin,max�1.2�504V 

 
Different families of MOSFETs are available in this voltage rating range.The current in the resonant tank 

during operation is the sum of currents in the magnetizing inductance and the primary transformer winding. The 
shape of the resonant- and magnetizing currents is given below: 
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Fig. 5:  Drain-source voltage of a MOSTFET in quasi-resonant operation. 

 
The recommended CoolMOS™ MOSFET family for LLCapplications is P6 provided necessary precautions 

have been taken to avoid hard commutation of the body diode. This family of parts offers superior 
price/performance ratio with low FOMs, which means MOSFET turn-off andresonant voltagetransition can 
happen in a shorter deadtime period. (A.W. Lotfi, Q. Chen, F.C. Lee, 1992) The fast turn-off speed is further 
augmented by a slightly elevated threshold- and plateau voltage compared to other CoolMOS families. 

In implementations where hard body diode commutation is a concern, the more conservative 
recommendation is the C6/E6 CoolMOS™ MOSFET family, which provide the extra measure of protection 
during hard body diode commutation. 
 
Approaches to reduce the EMI Noise of the LLC Resonant Converter: 

Based on the derived CM noise model pf LLC resonant converters several EMI noise reduction techniques 
are CM Noise Suppression with the shield Layer: 

The CM Noise coupling channel is determined by the  inter- winding capacitance. To reduce coupling, a 
shield layer, normally faradays shields can be placed between the primary and secondary windings of the 
transformer to reduce the noise capacitive coupling between the windings of the transformer. The shield layers can 
be connected with a voltage- stable point. With an improper connection point on the shield layer very little EMI 
suppression is attained. 

 
CM Noise Suppression with the Shield Layer and Balanced Capacitor: 

With a symmetrical shield layer, the Cm noise can be effectively reduced. However, the CM suppression is 
highly affected by the symmetry of the winding layout and shield layer layout. To further reduce the CM noise an 
extra CM balance capacitor can be added to balance the unexpected unsymmetrical parasitic capacitor. The  

CM balance capacitor can also help to cancel the CM current introduced to other parasitic 
The inserted CM balance cap is connected between the primary and secondary side stable point and the 

secondary side winding terminal. Due to the dv/dt of the secondary side winding, the CM current goes through the 
balance cap. There are two secondary side windings; the dv/dt of Vsr1 is in phase with the primary side winding. 
The balance cap should be connected with Vsr1. Hence the generated CM current can be utilized to cancel the 
original CM current. 

 
Two channel interleaving LLC resonant Converters to cancel the CM noise: 

Although the shield layer and the CM balance capacitor can help to reduce the CM noise, there are some 
limitations. Eddy currents are induced on the shield layer, which causes extra losses. Two channel interleaving 
LLC resonant converters are proposed to cancel the CM current with 180° phase shift.The CM current should be 
totally cancelled. The CM noise currents of the two LLC channels, which go through the LISN, are 180° phase 
shifted with the same amplitude. Therefore the total current going through the LISN resistor will be zero, which 
means the lowest noise can be obtained. The method is suitable to achieve very low EMI without hurting the 
performance. 
 
Emi Measurement And Sources Of Emi: 

Various techniques are practiced by the EMC engineers to suppress the radiated emissions such as shielding, 
Grounding, Bonding and filtering. The purpose of shielding is to prevent radiated energy from entering a specific 
region. Shields may be in the form of cables and connectors. The types of shield include solid, non-solid (screen) 
and braid. Grounding is one of the primary ways of minimizing noise pick up. Bonding is the establishment of a 
low impedance path between two metal surfaces. The purpose of bonding is to make the structure homogenous 
with respect to the flow of RF currents. Filtering: An electrical filter is a network of lumped or distributed 
components like resistors, inductors and capacitors or any combination of them, that offers comparatively little 



124                                                            D.Saravanakamalam and Dr.V.Kamaraj, 2016 
Australian Journal of Basic and Applied Sciences, 10(5) Special 2016, Pages: 117-126 

 

 

opposition to certain frequencies, while blocking the passage of other frequencies. Filters provide the means 
whereby the levels of conducted interference are substantially reduced, if the spectral content of interference is 
different from that of the desired signals. 

The impedance of an AC power line varies widely .The impedance at the end of a long cable in some remote 
area can be quite different from the impedance of a cable in an industrial park, located right next to a transformer 
station. When a power supply generating noise is connected to this impedance, the noise measurement will vary 
widely. For this reason, a standardize impedance is used. The noise current generates a voltage cross this 
standardized impedance, so the results for noise levels can be compared. The standardized setup, as defined in 
CISPR16 /EN55016 for measuring conducted EMI is shown below. 

 

 
Fig. 6: EMI measurement system 

 
Fig. 7: Connection of a LISN to a power supply under test. 

 
On the left side, the block called LISN (“Line Impedance Stabilizer Network” also known as AMN, for 

“Artificial Mains Network”) represents the standardized impedance. (Xie, Y., et al., 2009). The noise signal is 
taken from this impedance with a high-pass filter, amplified, and connected to a spectrum analyzer. This analyzer 
is used to measure the harmonic energy content of the noise signal across a wide frequency range.. Note that the 
connections are “live.” The LISN is directly connected to the mains, in contrast to the usual measurement practice 
where an isolation transformer is used for safety reasons.. It is important to realize this difference, as it has 
significant safety implications when operating the equipment in test. One important differentiation to make is the 
one between common and differential mode noise. Common mode noise is caused by a capacitive coupling of the 
switching stage into ground, and appears with the same phase and amplitude at both lines. 
 
EMI filter: 

An EMI (electromagnetic interference) filter is an electronic passive device which is used to suppress 
conducted interference that is present on a signal or power line. EMI filters can be used to suppress interference 
that is generated by the device or by other equipment in order to make a device more immune to electromagnetic 
interference signals present in the environment. Most EMI filters consist of components that suppress differential 
and common mode interference. 

All electronic equipment produced today includes EMI filtering circuits. Likewise, all power supplies have 
internal EMI filters. However, there are circumstances where the EMI filters within these electronic devices 
require a supplemental filter to meet more stringent electrical noise regulations or to protect the device from 
excessive external noise sources. 
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Fig. 8: EMI filter  

 
The unwanted EMI is at much higher frequencies than normal signals, the EMI filter works by selectively 

blocking or shunting unwanted higher frequencies.  
Figure 8 shows a EMI filter. The inductive part of the EMI filter is designed to act as a low-frequency pass 

device for the ac line frequencies and a high-frequency blocking device. Other parts of the EMI filter use 
capacitors to bypass or shunt unwanted high-frequency noise away from the sensitive circuits. The net result is 
that the EMI filter significantly reduces or attenuates any unwanted noise signals from entering or leaving the 
protected electronic device. It is important to connect a capacitor from the lines to ground to provide a return path 
for the common mode noise current. These capacitors chosen for EMI filter should have these  three requirements. 
They must be small enough to not cause too high leakage, tripping the ground fault interrupters; they must be large 
enough to provide low impedance for the common mode noise current; and they must comply with the safety 
requirements as the ground connection may break, and a user might touch the midpoint. (Boroyevich, D., et al., 
2013). These capacitors are also called Y-caps, since in most cases two are connected from the two lines to 
ground. 

The calculation of the filter components requires the following data: 
Line frequency                             9-��� 
Minimal RMS voltage                [&�� 
Maximum RMS load current \&2$ 
Lowest switching frequency     9�] &�� 
First, the design impedance is calculated as: 

^_ = [&��
\&2$

 

 
 
 
 
 
 
 
 

Fig. 9: Induced EMI 
 
Emi design flow: 
 
Table 3: Design flow steps 

Design step Measure 
Specification Define required EMI levels the power supply must comply with. 
 
Select topology  

Choose topology that creates low EMI 
(e.g. QR fly back for lower powers and LLC for higher powers) 

 
Calculate the components 

Implement enough headroom for the parasitic ESR of the EMI filter. 
Make sure the nodes, especially those inside the control loop, have the lowest possible impedance. 

 
 
Simulate the design 

Use a simulation model for the LISN to predict the EMI generated by the power supply, 
 Choose the EMI filter topology based on the required attenuation levels. Calculate a first version 
and simulate this too. 

 
 
Build a prototype 

Try to be close to the final arrangement of components in the finished power supply. so theradiated 
EMI signature can be verified. 
Minimize high-current loop areas and parasitic capacitance of nodes with high dv/dt. 
Leave some space at the input to put in an EMI filter later. 

 
 
Test the prototype 

Once the power supply works well inside the specifications, perform pre-compliance testing of the 
power supply without an EMI filter, to measure the conducted noise (a gain, common and 
differential mode), and compare with the simulation results. 
PerformfirstradiatedEMItesttoidentifypotential"candidates"forradiatedfields. 

 
Add the EMI filter 

Build the EMI filter into the prototype and perform another full function and EMI pre-compliance 
test. Note that the EMI filter adds impedance at the power input and may resonate, so the regular 
function of the power supply must be verified again. 

 The implementation of the final version in a PCB will change certain aspects of the conducted and 
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Design the final version radiated EMI. 
 Make sure the specification for the components used in production comply with the requirements 
for being EMI compliant (particularly the bulk caps and inductors). 

 
 
 
Test the final version 

After verifying the full function of the power supply, perform pre-compliance testing to ensure that 
the noise levels are still acceptable. 
Perform pre-compliance testing at high and low line conditions, with low line being more critical 
(longer conduction angle on the input rectifiers). 
Examinetheimpactofdifferentcomponentsourcesonthenoise. 
Buildseveralpowersuppliesandcheckifthenoiselevelsarerepeatable,orvarysignificantlyfrompowers
upplytopowersupply. 

 
Conclusion: 

As long as voltages and currents are being switched, EMI will be generated and need to be addressed. Once 
the basic mechanisms are understood, it is easier to analyze and re-orient a given power supply to improve its 
behavior and really exploit all the performance advantages of modern power switches. There is a large incentive to 
achieve high efficiency and high power density in power conversion systems. Resonant dc-dc converters exhibit 
higher efficiency and higher power density characteristics than conventional PWM circuits. Hence, resonant 
converters are becoming popular for dc-dc converters in commercial products. To further improve the 
performance and solve the existing issues of resonant converters, novel concepts and techniques are being studied. 
Based on the design principles and resonant values if we designed LLC converter it will be reduced the EMI loss. 
System optimization of LLC resonant converters has been studied to achieve high efficiency for 
low-output-voltage, high-output-current applications. Further, the EMI performance of multi-element resonant 
converters should be evaluated. The proposed EMI suppression approaches could be applied, and they should be 
verified experimentally in the future. 
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