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 6 

This paper presents a quantitative design procedure for electromagnetic interference (EMI) filters and 
investigates the effectiveness of the designed EMI filters in a digitally controlled boost power factor 
correction (PFC) converter. In most modern electrical equipment, the problem of low power factor due 
to their intrinsic impedance characteristics has greatly reduced the efficiency of using electric energy. 
In order to improve the quality of electric power supply while achieving the goal of energy 
conservation, high-power converters tend to use an active PFC circuit as their front stage connecting 
to the mains. However, active PFC circuits which utilize high-frequency switching techniques in 
tracking input line currents often bring EMI and harmonic distortion problems to distribution systems. 
To ensure that the equipment can meet the relevant EMI standards, some properly designed EMI 
filters must be used to reduce the common mode and differential mode noises. Due to inevitable 
nonlinear interactions of the EMI filter and the PFC bridge rectifier, the EMI filter is normally designed 
by repeated trial-and-errors in practice. To improve the design efficiency, this paper firstly introduces a 
single-switch boost PFC circuit widely used in various ac-dc converters along with the proposed 
systematic design procedure for EMI filters and followed by simulation analysis in PSIM software 
environment. Finally, a 1 kW digitally controlled boost PFC converter prototype with the designed EMI 
filter is practically constructed and tested to verify the effectiveness of the proposed design method. 

 7 
Keywords: Power quality; power factor correction; switching power supply; electromagnetic 8 
interference filter. 9 
 10 

1. INTRODUCTION  11 

 12 
In conventional AC-DC power converters, a full bridge rectifier paralleled with a filtering capacitor is 13 
normally used to obtain a desired front-end DC voltage. Because of the nonlinear characteristics 14 
exhibited in the full-bridge rectifier and its filtering devices there is always a phase shift between the 15 
voltage and input current resulting in lower power factor and high current harmonic distortion [1]. In 16 
order to improve these problems, most medium to high power AC-DC converters utilize a power factor 17 
correction (PFC) module which is designed to achieve the required front-end DC voltage, to shape the 18 
input current of the power converter to be in synchronization with the mains voltage and to maximize 19 
the real power drawn from the mains [2,3]. From a theoretical point of view, an ideal PFC module 20 
must be able to regulate its output DC voltage, to force the input current to follow the input voltage just 21 
like the case of connecting a pure resistive load and these must be done without any input current 22 
harmonics [4]. Although the above mentioned PFC functions and features can be realized with 23 
passive or active circuits, advanced AC-DC converters tend to use active PFC circuits to meet the 24 
increasingly rigorous power quality standards and improve the overall quality of electric power supply 25 
system [5-8]. However, active PFC circuits which utilize high-frequency switching method in tracking 26 
input line currents often bring EMI and harmonic distortion problems to distribution systems [9-11]. To 27 
solve the above problems, a properly designed EMI filter and suitable PFC control techniques must 28 
be used [12-14]. Of the international power quality and EMI standards, the most important ones for 29 
harmonic distortions in switching-mode power supply are EN-61000 [15] and IEEE-1547 [16] and the 30 
standards for EMI are EN-55022 [17] and FCC part 15B [18]. 31 
 32 
In the open literature, fundamental research results regarding the design of EMI filters and current 33 
harmonic distortion issues in switching-mode power converters have been published [19]; however, 34 
since the complex relationship between harmonic distortions and the EMI filter parameters are not yet 35 
clearly understood, a general engineering design procedure for finding a suitable EMI filter on a 36 
specific design case is still call for development. In this paper, a simple step by step procedure for 37 
designing EMI filters is proposed and the performance of eliminating harmonic currents is optimized in 38 
a digitally controlled boost PFC circuit. In the design case presented in this paper, the harmonic 39 
distortion is evaluated after the parameters of EMI filter have been obtained. Because the design of a 40 
boost PFC circuit involves many different practices and topologies this paper firstly introduces a 41 
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single-switch boost PFC circuit widely used in various ac-dc converters. The related EMI sources and 42 
their equivalent circuits in the boost PFC circuit are then analyzed along with the proposed systematic 43 
design procedure for EMI filters and followed by some simulation analysis in PSIM software 44 
environment. Finally, a DSP controlled 1 kW boost PFC prototype integrated with the designed EMI 45 
filter is constructed and some experimental tests are carried out to verify the effectiveness of the 46 
proposed design methods. 47 
 48 

2. POWER FACTOR CORRECTION CIRCUIT TOPOLOGY  49 

 50 

2.1 PFC Topologies and Operating Modes  51 
 52 
Theoretically, the function of PFC be achieved by several topologies, the boost converter is the most 53 
popular topology used in various applications. This is because the boost PFC converter can be 54 
operated in three modes; i.e., continuous conduction mode (CCM), discontinuous conduction mode 55 
(DCM), and critical conduction mode (CRM). Fig. 1 shows the PFC circuit topology and the 56 
conceptually modeled waveforms to illustrate the inductor and input currents in the three operating 57 
modes. 58 

 59 
 60 

Fig. 1. The topology and waveforms of a boost PFC converter 61 
 62 
For low power applications, the CRM boost has some advantages in power saving and higher power 63 
density; however when the power level is increased the low filtering feature and the high peak current 64 
starts to appear and the CCM operation become a better choice for high power applications.  Since 65 
this paper is intended to investigate EMI design issues in medium to high power PFC applications, a 66 
CCM PFC boost converter is chosen for the detailed EMI filter design discussions and a design 67 
example for demonstration via simulations and measurements on a digitally controlled 1 kW hardware 68 
prototype. 69 
 70 

2.2 Control of a Boost PFC Converter  71 
 72 
For a PFC boost converter operating in CCM, the dual loop control structure as shown in Fig. 2 is the 73 
most commonly used in medium to high power applications. In Fig. 2, the Kv and Ks are the factors of 74 
voltage and current sensors. The feedback signal of the output voltage (Vdf) is compared with the 75 
desired reference voltage (Vd*) and operated by an error amplifier to get the signal of Vea, The Vea 76 
signal is then multiplied by the sensed input voltage signal (KvVin(rec)) to produce the inductor 77 
current command, Is*. The Is* are compared with the feedback inductance current signal (Is) and get 78 
through the inner loop error amplifier (GCA) to finally obtain the PWM control signals, Vcon and the 79 
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duty of the power switch. The two error amplifiers, GV and GCA, used in Fig. 2 are all type-II 80 
compensators to achieve a satisfactory performance.  81 
 82 
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 84 

Fig. 2. The dual loop control structure of a CCM boost PFC 85 
 86 
From Fig. 2, the voltage of the boost inductor can be expressed as:  87 
 88 
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 90 
The small signal model of (1) can be obtained by using linearlization techniques as shown in (2) and 91 
the transfer function of inductor current can then be derived as shown in (3). 92 
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 97 
Using (3), the inner loop current controller can be designed as follows: 98 
 99 
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 101 
The overall control block diagram of the PFC inner loop current controller is shown in Fig. 3.  Using 102 
the power balance concept, i.e., the input real power of the PFC module equal to its output DC power 103 
plus the system losses assuming that unity power factor is achieved, the same design method can 104 
then be applied to the design of outer loop voltage regulator of the boost PFC as shown in (7).  The 105 
overall control block diagram of the PFC outer loop voltage controller is shown in Fig. 4. 106 
 107 
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Fig. 3. The overall control block diagram of the PFC inner loop current controller 115 
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 118 

Fig. 4. The overall control block diagram of the PFC outer loop voltage controller 119 
 120 

3. THE ELECTROMAGNETIC INTERFERENCE IN PFC AND ITS SPECIFICATIONS 121 

 122 

3.1 Source of Conducted EMI Noises 123 
 124 
In an active PFC circuit, EMI noise normally includes common-mode and differential mode noises. 125 
Fig. 5 shows the signal paths of the above common-mode and differential-mode currents with a line 126 
impedance stabilization network (LISN), an important interfacing circuit for practically measuring the 127 
conductivity electromagnetic interference in PFC circuits. In a single-phase three-wire AC power 128 
system, the noise currents can be separated into two parts according to their flow into the common 129 

mode current and the differential-mode noise current. The common-mode noise currents, CMI
w

, have 130 

two loops, i.e. the line (L) and neutral(N) to the ground (G), while the differential mode noise current, 131 

DMI
w

, is flowing the loop between (L) and (N). 132 

 133 

UNDER PEER REVIEW



5 
 

DMI
w

CMI
w

CMI
w

DMCML III
www

+=

DMCMN III
www

−=

 134 
 135 

Fig. 5. The signal paths of the common-mode and differential-mode currents with a line 136 
impedance stabilization network (LISN) 137 

 138 
From Fig. 5, it is easy to calculate the noise currents flowing on the line and neutral as follows: 139 
 140 
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 144 
In order to design an EMI filter which is able to effectively suppress possible noises produced by the 145 
active PFC circuit, investigating the possible noise sources and their coupling paths is very important 146 
[9, 10]. The common mode noise current in the studied boost PFC circuit is mainly composed by high 147 
frequency transient voltage of the switching element or those circuit parasitic capacitances (Cp, Cg1, 148 
Cg2)  formed by the charge and discharge currents. The coupling path of the common mode noise 149 
current is shown in Fig. 6. As shown in Fig. 7, the differential mode noise current is mainly produced 150 
by the high frequency switching currents and the loops formed by the rectifier diodes and filter 151 
capacitors. 152 
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Fig. 6. The coupling path of the common mode noise current in PFC 156 
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Fig. 7. The coupling path of the differential mode noise current in PFC 159 
 160 

3.2 Electromagnetic Interference Standards and Specifications 161 
 162 
Along with the fast development of high frequency power converters, every industrial country in the 163 
world has established its own electromagnetic compatibility (EMC) standards. The scope of EMC 164 
standards may technically includes relevant items in electromagnetic interference (EMI) and 165 
electromagnetic sensibility (EMS). At present, the most widely used EMC standards are mainly 166 
announced by the IEC and the CISPR. Since this paper is aimed to deal with the design issues of EMI 167 
filter for attenuating the conductive electromagnetic interference in active PFC circuits, only the 168 
standards regarding conducting EMI are briefly reviewed in the following part of this subsection. 169 
 170 
In the United States, the standard, FCC 47 CFR Part 15 Subpart B (2007), provides EMI guidelines to 171 
two classes of electronic products, i.e. the Class A is set for products used in the commercial and 172 
industrial areas and the Class B is for products utilized in residential area. The test band of noises is 173 
from 150 kHz to30 MHz. The standard, EN55022, is widely referred in Europe. There are two 174 
categories of products, i.e., the industrial and residential applications of electronic products, covered 175 
in the regulation. The test band is also from 150kHz to 30MHz. In Taiwan, the CNS 13438 (Revised 176 
Edition) has been used as an official EMI standard which covers two types of application fields, i.e., 177 
the Class A is for electronic products used in the commercial and industrial areas, and the Class B is 178 
for products applied in residential area. The testing band is from 150kHz to 30MHz. The related limits 179 
are listed in Table 1. 180 
 181 

Table 1. The conductive EMI limits (CNS 13438) 182 
 183 

 Class A Class B 

 
Frequency(MHz) 

Limit(dBµV) Limit(dBµV) 

QP AVG QP AVG 

0.15~0.5 79 66 66~56 56~46 

0.5~5.0 73 60 56 46 

5.0~30 73 60 60 50 

 184 

4. THE CONDUCTIVE EMI FILTER FOR PFC AND THE DESIGN STEPS 185 

 186 

4.1 The Conductive EMI Filter 187 
 188 
In this paper, the conventional EMI filter shown in Fig. 8 is used to demonstrate the proposed design 189 
method of the EMI filter to be cascaded with a digitally controlled boost PFC converter. 190 
 191 
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Fig. 8. The circuit of a conventional EMI filter 194 
 195 
As shown in Fig. 8, there are two common mode inductors designed with high-µ ferrite cores to meet 196 
the requirement of high inductance feature. The typical value is ranging from several mH to tens of 197 
mH.  For the two differential mode inductors, the low-µ type of iron cores are used to have lower 198 
inductance feature and to allow flowing through the input line currents without too much voltage drop. 199 
The typical values of the differential mode inductors are between tens to hundreds of µH.  As can be 200 
seen in Fig. 8, three X capacitors are connected between the Line and Neutral. These X capacitors 201 
have high capacitance and are generally the metal coating capacitors. The typical capacitance values 202 
are between 0.1µF to 1µF.  The two Y capacitors are mounted between Line and Ground or Neutral 203 
and Ground. These Y capacitors usually designed in pairs and their sizes must be carefully chosen to 204 
comply with the limits of safety regulations. It should be noted that the Y capacitors could induce extra 205 
electrical leakage currents. Therefore in practical application cases, Y capacitors should not be too 206 
large. They are usually smaller than the X capacitors. 207 
 208 

4.2 The Design Steps of a Conductive EMI Filter   209 

 210 
In Taiwan, the compliance with CNS 13438 standard is one of the most important quality factors for 211 
designing power converters. In general, the design of EMI filter has to consider the whole power 212 
converter system and is split into radiated and conductive EMI considerations; however, for the PFC 213 
circuit investigated in this paper, it is most important to investigate on the conducted EMI-behavior 214 
since it is the input stage of any AC-DC power converters. The proposed design steps of a conductive 215 
EMI filter for a boost PFC circuit is given in the following. 216 
 217 
 218 
Step 1: Measuring the original common mode and differential mode noises 219 
 220 
In order to accurately design a filter, the measuring of original common mode and differential mode 221 
noises is the first step. This can be done by using a line impedance stabilization network (LISN), a 222 
noise separator and a spectrum analyzer [20] as shown in Fig. 9. 223 
 224 
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Fig. 9. The system setup for measuring conductive EMI noises 227 
 228 
Step 2: Calculation of the required attenuation for the compliance with CNS 13438 standard 229 
 230 
After obtaining the original common mode and differential mode noise in step 1, the amount of filter 231 
attenuation can be determined with the CNS 13438 standard. The required attenuation targets of 232 
common mode and differential mode of the EMI filter can be calculated as: 233 
 234 

dBVVV LimitActCMreqAttCM 6)(),( +−=                                                        (7) 235 

 236 

dBVVV LimitActDMreqAttDM 6)(),( +−=                                                        (8) 237 

 238 
In the above (7) and (8), VCM(Act) and VDM(Act) are the original common mode and differential mode 239 
noises obtained in step 1, VLimit is the mean value of the standards referred. It should be noted that 240 
there is a 6dB added to the attenuation targets and to be considered as the safety margin to 241 
compensate the possible measuring errors.  242 
 243 
Step 3: Calculation of corner frequencies of the EMI filter 244 
 245 
Using the spectrum data of the original common mode and differential mode noises and the required 246 
attenuation quantities, VCM(Att,req) and VDM(Att,req), respectively obtained in the above step 1 and 2,  the 247 
corner frequencies corresponding to the common mode/differential mode low-pass filters frequency 248 
fR,CM / fR,DM can be obtained by using two-dimensional mapping method with the unit of the horizontal 249 
axis in Hz and the dBµV for the vertical axis.  250 
 251 
Step 4: Calculation of the parameters for the EMI filter 252 
 253 
According to the corner frequencies found in step 3, the related EMI filter elements, i.e. the 254 
inductance and capacitance values in Fig. 8 can be obtained using the following equations. 255 
 256 

YCM

CMR
CL

f
22

1
,

⋅
=

π
                                                                                          (9) 257 

 258 

XDM

DMR
CL

f
⋅

=
22

1
,

π
                                                                                        (10) 259 

 260 
In the above (9) and (10), the LCM and LDM are respectively the common mode and differential mode 261 
inductances, CX and CY are the corresponding capacitances. In practice, the capacitors must be 262 
chosen first based on a given leakage current specification and also considering the commercial 263 
availability. Then the inductors can be calculated with (9) and (10).  264 
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 265 

4.3 The Design Case and Quantitative Results 266 
 267 
In this paper, the single-switch boost PFC circuit described in section 2 is taken as an example to test 268 
the effectiveness of the designed EMI filters. The design specifications of the PFC circuit are given in 269 
Table 2. The related EMI limits are referred to Table 1. 270 
 271 

Table 2. The design specifications of the boost PFC 272 
 273 

System parameters Specifications 

Input voltage AC 110V 
output voltage DC 390V 
Power frequency 60Hz 
Switching frequency 65kHz 
Rated power 1000W 
Load type Resistive 

 274 
According to the related regulations on leakage currents in Taiwan’s low voltage distribution systems, 275 
the Y capacitors cannot exceed 3300pF. In the design case, two capacitors with 2200pF and 3300pF 276 
are tested. With the corner frequency of the common mode filter to be 40 kHz, the corresponding 277 
common mode inductances are 3.6mH and 2.4mH respectively. For choosing the differential mode 278 
components, the X capacitance is normally ranging from 0.1µF to0.47µF. Here, four values, 0.1µF, 279 
0.22µF, 0.33µF and 0.47µF are selected for the X capacitors. For a corner frequency of differential 280 
mode filter to be 12 kHz, the corresponding differential mode inductances are 0.88mH, 0.4mH, 281 
0.267mH and 0.187mH respectively. Using the above parameters, there are eight sets of unique EMI 282 
filters, as shown in Table 3. After the parameters of EMI filters are found, one can evaluate the 283 
performance of the individual EMI filter working with the boost PFC converter. 284 
 285 
 286 

Table 3. Eight sets of EMI filters 287 
 288 

Sets Element 

 Common mode  Differential mode  

CML  YC  DML  XC  

Set 1 3.6mH 2200pF 0.88mH 0.1µF 
Set 2 3.6mH 2200pF 0.4mH 0.22µF 
Set 3 3.6mH 2200pF 0.267mH 0.33µF 
Set 4 3.6mH 2200pF 0.187mH 0.47µF 
Set 5 2.4mH 3300pF 0.88mH 0.1µF 
Set 6 2.4mH 3300pF 0.4mH 0.22µF 
Set 7 2.4mH 3300pF 0.267mH 0.33µF 
Set 8 2.4mH 3300pF 0.187mH 0.47µF 

 289 
 290 

5. SIMULATION AND EXPERIMENTAL TEST RESULTS 291 

 292 

5.1 Simulation and Results 293 
 294 
In this section, the single-switch boost PFC presented in section 2 along with the designed EMI filters 295 
are developed and implemented in the PSIM software environment as shown in Fig. 10. The purpose 296 
of this simulation study is to evaluate the effectiveness of different combination of EMI parameters 297 
and the digital control strategies for the boost PFC circuit in terms of power factor correction and the 298 
current harmonic distortion. Simulation results are presented on different load levels, i.e. full load and 299 
half load. Two sets of simulation results on eight EMI parameters are respectively listed in Table 4 300 
and Table 5. Fig. 11 and Fig. 12 show the simulation results using the sixth set of EMI parameters in 301 
Table 3 which exhibits the best filtering results. Fig. 11 (a) shows the simulation results of the input 302 
AC voltage and line current waveforms, power factor and the THD value for a half load (500W) 303 
condition without EMI filter. Fig. 11 (b) shows the corresponding output DC voltage, the current 304 
command and the sensed inductor current waveforms. Fig. 12 (a) shows the simulation results of the 305 
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input AC voltage and line current waveforms, power factor and the THD value for a half load (500W) 306 
condition with EMI filter. Fig. 12(b) shows the corresponding output DC voltage, the current command 307 
and the sensed inductor current waveforms with EMI filter. Fig. 13 (a), (b) and Fig.14 (a), (b) 308 
respectively show the same waveform information as that presented in Fig. 11 (a), (b) and Fig.12 (a), 309 
(b) except that the load level has been increased to 1kW.  310 
 311 
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 313 

Fig. 10. The PSIM model of the single-switch boost PFC with an EMI filter 314 
 315 

 316 
 317 

Fig. 11(a). The AC input voltage, line current waveforms, power factor and the THD values 318 
(500W, without EMI) 319 
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 320 
 321 

Fig. 11(b). The current command, the sensed inductor current waveforms and the output DC 322 
voltage (500W, without EMI) 323 

 324 

 325 
 326 

Fig. 12(a). The AC input voltage, line current waveforms, power factor and the THD value 327 
(500W, with EMI) 328 

 329 
 330 
 331 
 332 
 333 
 334 

UNDER PEER REVIEW



12 
 

 335 
 336 

Fig. 12(b). The current command, the sensed inductor current waveforms and the output DC 337 
voltage (500W, with EMI) 338 

 339 
 340 

Table 4. Simulation results for half load 341 
 342 

Parameters Conditions: Half load (500 W) 

Power Factor THD (%) THD Improved (%) 

Without EMI 0.961 21.34 - 
Set 1 0.997 4.92 -16.38 
Set 2 0.996 4.95 -16.39 
Set 3 0.996 4.65 -16.69 
Set 4 0.995 4.87 -16.47 
Set 5 0.996 4.81 -16.53 
Set 6 0.998 4.61 -16.73 
Set 7 0.995 4.72 -16.73 
Set 8 0.994 4.74 -16.60 

 343 
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 344 
 345 

Fig. 13(a). The AC input voltage, line current waveforms, power factor and the THD values 346 
(1kW, without EMI) 347 

 348 

 349 
 350 

Fig. 13(b). The current command, the sensed inductor current waveforms and the output DC 351 
voltage (1kW, without EMI) 352 

 353 
 354 
 355 
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 356 
 357 

Fig. 14(a). The AC input voltage, line current waveforms, power factor and the THD values 358 
(1kW, with EMI) 359 

 360 

 361 
 362 

Fig. 14(b). The current command, the sensed inductor current waveforms and the output DC 363 
voltage (1kW, with EMI) 364 

 365 
 366 
 367 
 368 

 369 
 370 
 371 
 372 
 373 
 374 
 375 
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Table 5 Simulation results for full load 376 
 377 

Parameters Conditions: Full load (1kW) 

Power Factor THD (%) THD Improved (%) 

Without EMI 0.970 12.26 - 
Set 1 0.982 3.91 -8.35 
Set 2 0.985 3.97 -8.29 
Set 3 0.986 3.74 -8.52 
Set 4 0.976 3.68 -8.58 
Set 5 0.985 3.52 -8.74 
Set 6 0.988 3.19 -9.07 
Set 7 0.977 3.23 -9.03 
Set 8 0.977 3.24 -9.02 

 378 
Based on the simulation results, without EMI filter the PFC circuit has a simulated power factor of 379 
0.961 and 0.97 and the THD of 21.34 and 12.26 respectively for half and full load conditions. As can 380 
be seen in Table 4 and Table 5, the power factor can be raised up to 0.988 or even close to unity 381 
when the designed EMI filter is added. It is also found that in all cases, the total harmonic distortion 382 
(THD) can be greatly improved and are below 5%. Because the filter with the sixth set of parameters 383 
has the best overall performance the set of parameters are to be used in the hardware 384 
implementation and experimental tests presented in the next subsection. 385 
 386 

5.2 Experimental Test and Results 387 

 388 
To practically evaluate the performance of the designed EMI filters in terms of common mode and 389 
differential mode noise-immunity, a 1kW boost PFC hardware prototype circuit controlled by a DSP 390 
(TMS320F28335) is constructed. The system specifications are the same as that modeled in PSIM 391 
model and listed in Table 2. Fig. 15 is the photo of the PFC hardware circuit and the test environment. 392 
Fig. 16 shows the CNS 13438 and the measured noise spectra of the boost PFC converter with the 393 
designed EMI filter. Fig. 17 (a) shows the measured results of the input AC voltage and line current 394 
waveforms for a half load (500W) condition without EMI filter. Fig. 17 (b) shows the measured results 395 
of the input AC voltage and line current waveforms for a half load (500W) condition with the designed 396 
EMI filter. Fig. 18 (a) and (b) respectively show two sets of measured input voltage and line current 397 
waveforms corresponding to with and without the design EMI filters in which the PFC system is 398 
operated at full load(1kW). 399 
 400 

EMI

Boost PFC

DSP

 401 
 402 

Fig. 15. Photo of the PFC circuit and test environment 403 
 404 
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 405 
 406 

Fig. 16. The related noise spectra of the boost PFC converter with the designed EMI filter 407 
 408 

390dcV V=

VVin 110= 4.9inI A=
 409 

 410 
Fig. 17(a). The measured results of the input AC voltage and line current waveforms for a half 411 

load (500W) condition without EMI filter 412 
 413 
 414 

390dcV V=

VVin 110= 4.9inI A=
 415 

 416 
Fig. 17(b). The measured results of the input AC voltage and line current waveforms for a half 417 

load (500W) condition with a EMI filter 418 
 419 
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390dcV V=

VVin 110= 9.6inI A=
 420 

 421 
Fig. 18(a). The measured results of the input AC voltage and line current waveforms for a full 422 

load (1kW) condition without EMI filter 423 
 424 

390dcV V=

VVin 110= 9.6inI A=
 425 

 426 
Fig. 18(b). The measured results of the input AC voltage and line current waveforms for a full 427 

load (1kW) condition with a EMI filter 428 
 429 
 430 

6. CONCLUSION 431 

 432 
This paper has presented a quantitative design procedure for the EMI filters widely used in active PFC 433 
converters.  A digitally controlled single-switch boost PFC converter and the issues regarding 434 
conductive EMI noises in terms of common-mode and differential mode characteristics exhibited in 435 
the PFC converter have been analyzed in detail. In this paper, a step by step EMI design procedure 436 
has been addressed along with the relevant international standards. To provide a simple guideline of 437 
choosing the best parameters for the EMI filters, a 1 kW DSP controlled boost converter has been 438 
chosen as a design example to test the effectiveness of the proposed EMI design method. The power 439 
factor and total harmonic distortion are taken as the main factors in evaluating the performance of the 440 
designed EMI filters. Comprehensive simulation studies in PSIM software environment have shown 441 
that there exist a number of different combinations of parameters providing satisfactory filtering effects 442 
on EMI noises; however, the best one can provide enough attenuation of noises without producing 443 
any leading-phase and ringing distortions. In this paper, a DSP based hardware prototype along with 444 
the designed EMI filter has been practically constructed and the effectiveness of the proposed design 445 
method has been verified with both simulation and measured results. 446 
 447 
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