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Abstract: With the increase in the switching frequency and power density, DC-DC converters encounter more severe
electromagnetic interference (EMI) problems. To suppress the common-mode EMI generated by converters, as well as maintain the
high-power-density of converters, the active EMI filter (AEF) has attracted increasing interest owing to its small volume. The EMI
suppression effect of the common single-stage single-sense single-injection AEF is confined because of the limited insertion loss, and
the volume of the multi-stage AEF will be bulky. To solve this problem, this paper proposes a compact dual-current-injection
current-sense current-compensation (DCJ-CSCC) AEF to increase the insertion loss in the entire conducted EMI frequency band, as
well as considering the volume of the AEF. The structure and operating principle of the proposed AEF are introduced. Finally, taking a
boost converter as an example, the effectiveness and advantages of the proposed DCJ-CSCC AEF were verified through a simulation
and experiment, the results show that the proposed AEF has a better EMI suppression effect on the entire conducted EMI frequency
band with a similar volume compared with existing single-injection feedforward current-sense current-compensation (FF-CSCC)

and feedback current-sense current-compensation (FB-CSCC) AEFs. This paper provides a new selection for EMI suppression in

DC-DC converters.
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1 Introduction

The main source of electromagnetic interference (EMI)
in power converters is primarily the rapid action of
switching devices, which results in the rapid change of
voltage and current, and it propagates through a
conducted or radiated path to reach sensitive
equipment (=31, Currently, as the higher power density
and higher switching frequency of the converters are
required to realize low cost and light weight, the EMI
problem of power converters is becoming increasingly
severe . To solve the EMI problem, the common

methods are added EMI filters in power converters B,
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EMI filters are classified into passive EMI filters
(PEFs) and active EMI filters (AEFs) %), PEFs are
more widely used in industrial equipment due to its
low cost and simple circuits 7

The conduction form of EMI can be divided into
common-mode (CM) and differential-mode (DM)
interference. CM PEFs composed of common-mode
(CM) chokes and Y-capacitors are usually applied on
the power input side of an equipment under test (EUT).
Although the EMI filter can be easily implemented, it
has some limitations. A large Y-capacitor may cause
dangerous leakage currents exceeding safety
regulation limits and is therefore prohibited. In
addition, the CM inductor windings conduct full
power currents so the CM inductors are usually large,
which is unsuitable for the traditional CM PEFs to be
applied in high power density power converters.
Further, in high frequency power converters, the
parasitic parameters of PEFs cause a negative impact

on high frequency band for EMI suppression 51,
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Therefore, compared with DM PEFs, CM PEFs is
more difficult to satisfy the strict requirement of high
power density on DC-DC converters.

The EMI
fundamentally different from that of PEFs: sense the

suppression principle of AEFs is

noise signal and use the amplification part to generate
a reverse signal for interference cancellation ®). The
AEFs have the advantages in high integration and
small sizes, which make AEFs more suitable for the
high power density DC-DC converters.

AEFs can be typically classified into analog and
AEFs. Digital AEFs
implemented using programmable chips [

digital are designed and

10'”], whose
structure and design process are relatively complex
and the costs are expensive. Analog AEFs are
frequently designed using operational amplifiers
(OPAMSs), bipolar transistors, etc., whose structures
are relatively simple and the costs are much cheaper
than digital AEFs.

The existing single-sense single-injection AEFs can
be one stage structure or multi-stage structure 12 For
the one stage AEF, its insertion loss is limited due to
Therefore, the

single-sense single-injection AEFs usually cannot

the limited amplification gain.

achieve satisfied EMI suppression effect in circuits
that greatly exceed EMI standard.

To solve the problem of the limited filtering effect
of single-sense single-injection AEFs, scholars have
developed several configurations: AEFs and PEFs are
combined to form hybrid EMI filters to improve the

3181 However, such a hybrid

overall filtering effect [
EMI filter still contains a bulky inductor, which
conflicts with the original intention of AEFs to reduce
the volume. In Ref. [17], chaotic pulse-width
modulation (PWM) for PWM

combined with AEFs to improve the high-frequency

converters was

suppression effect of AEFs, however, this method is
only applicable to PWM converters, therefore, the
application scenarios of this method are limited.
Additionally, a two-stage cascaded AEF was designed
to improve the overall filtering effect of an AEF in Ref.
[18], in which most of the two-stage cascade
of AEFs
combination of voltage-sense current-compensation
(VSCC) and current-compensation
(CSCC) AEFs is proved to be the best combination for

topologies were analyzed, and the

current-sense

EMI filtering. However, the volume and the cost of the
two-stage cascade AEF are almost as double as that of
a single-stage one.

To use one stage AEF to achieve the EMI filtering
effect of a two-stage AEF, this paper proposes a new
dual-current-injection AEF topology (hereinafter
called the DCJ-CSCC AEF) for CM noise suppression.
The remainder of this paper is arranged as follows: in
Section 2, the topology and ideal equivalent model of
the proposed DCJ-CSCC AEF is presented; in Section
3, the operation principle of the DCJ-CSCC AEF is
introduced, whose EMI filtering effect is quantitatively
analyzed. Taking a boost converter as an example, the
EMI filtering effect of the DCJ-CSCC AEF is verified
and compared with that of the typical feedforward-
CSCC (FF-CSCC) or feedback-CSCC (FB-CSCC)
AEFs. In Section 4, the experiment results are given.
Finally, the conclusions are drawn in Section 5.

2 Topology and equivalent model of the
DCJ-CSCC AEF

The equivalent circuit of CM EMI of a DC-DC
converter can be modeled as Fig. 1. The CM noise
can be represented with an equivalent noise current
source [, in parallel with an equivalent impedance
Z,. The impedance of line impedance stabilization
network (LISN) is often used to measure the
intensity of CM noise, which is represented by Z sy
in the measuring circuit. The noise current flowing
through the load is 1.

Fig. 1 CM EMI model of a DC-DC converter

Fig. 2 shows the AEF equivalent model and its
installation position in converters. Basically, an AEF
at least contains three parts: sensing part, amplification
part, and injection part. The current transformer (CT)
is used to sense current, then, the sensing signal is
amplified by the amplification part, after the
amplification, the AEF can generate a signal in reverse

of the sensed noise signal, namely, Av,. Finally, the
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reverse injection currents /4zris injected into the main

circuit by capacitor to suppress CM EMI.

Fig. 2 Basic structure of AEF and its installation position

2.1 Equivalent model of the existing FF- CSCC
AEF and FB-CSCC AEF

The existing popular topologies of AEFs are
FB-CSCC AEF and FF-CSCC AEF "%, as shown in
Fig. 3. Where, V,,, is the signal in reverse of the sensed
noise signal, R;,; and C;,; are the output impedances of
the AEF, I4zr is the injection current of the AEF. 4,(s)
or A,(s) represents the total gain of FB-CSCC AEF or
FF-CSCC AEF.

Fig. 3 The equivalent models of FF-CSCC and
FB-CSCC AEF

Based on Fig. 3, the injection currents of FB-CSCC
AEF or FF-CSCC AEF can be expressed by Egs. (1)
and (2), respectively.

1215w () =Voun _ 12y () =1,G()

I =
as) Zinjl () mel (s)
(1)
_ 1,20 (s)— Vou2 _ 11,2 sy () _(]Lt +1 4err ) Gz ()
Lygpa(s)= =
Ziyja (s) Ziyja (s)
(2)

In practical applications, DC-DC converters often
need two-stage EMI filtering to meet the EMC

standards "*], as seen in Fig. 4.

Fig. 4 Equivalent model of two-stage cascade CSCC AEF

But if a two-stage AEF is used, its volume and the
devices number of the AEF will be almost double
comparing with that of one-stage AEF, which will
reduce the power density of DC-DC converters

obviously.

2.2 Topology and ideal equivalent model of
DCJ-CSCC AEF

To solve the problem above, namely, to make the
one-stage AEF have the same CM EMI filtering ability
with the two-stage AEF, this paper proposes a new
AEF topology, namely, DCJ-CSCC AEF, based on the
superposition principle, and its equivalent model is
shown in Fig. 5.

Fig. 5 Equivalent model of DCJ-CSCC AEF

The basic idea is to integrate the FB-CSCC AEF
and FF-CSCC AEF in one CSCC AEF by using the
dual injection way and using one feedback link to
realize the feedback and feedforward at the same time.
In Fig. 5, Lygr and Lyem are the FF injection current
and FB injection current, respectively.

The detailed topology of the proposed DCJ-CSCC
AEF is shown in Fig. 6, it is also composed of a
sensing part, i.e. a current transformer (CT), an
amplification part, i.e. a high-frequency OPAM circuit,
and a push-pull amplifier circuit with bipolar junction
transistors (BJTs), and an injection part, i.e. the
injection capacitors.

Where, the current flowing through the LISN is [,
R;, is used to convert the sensed CM current into
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voltage. Rpi,s and Di, D in the push-pull amplifier
circuit are used to adjust the quiescent point of the
amplifier. R; and Cp are the output loads of the
push-pull amplifier. The output voltage of OPAM
circuit is converted into injection current through R,
and C; and coupled to the ground. The injection
current generated by the push-pull amplifier flows into
the power line by feedback injection capacitor Ciy
and feedforward injection capacitor C;,, respectively.

Fig. 6 Topology of the proposed DCJ-CSCC AEF

3 Operation principle of the DCJ-CSCC AEF

In order to describe the CM EMI filtering effect of the
DCJ-CSCC AEF clearly, the insertion loss of AEF
should be calculated firstly. A higher insertion loss
indicates that after adding the filter, the amplitude of
noise attenuation is larger, that is to say, the filter has a
better filtering effect. As is known to all, the effective
operating frequency band of an AEF in practical
application is 150 kHz-30 MHz, thus, the ideal model
shown in Fig. 5 is not accurate enough for calculating
the insertion loss of an AEF and a high-frequency AEF
model is necessary. In this section, the high-frequency
models of CT, OPAM and BJTs in the proposed

DCJ-CSCC AEF are given to obtain the insertion loss
expression of the DCJ-CSCC AEF.

3.1 CT Modeling in DCJ-CSCC AEF

The CM signal sensing function of CT can be modeled

as a dual-port network (19-201

, as shown in Fig. 7. In Fig.
7a, Cp1 and Cj; are the internal stray capacitances of
the primary and secondary windings of CT; L,; and Ly,
are the leakage inductances of the primary and
secondary windings of CT; R, and R, are the
resistances of the primary and secondary windings; Cp
is the winding capacitance between the primary and
secondary windings; Lcr is the magnetic inductance of
the secondary side; R;, is the load resistance of CT. L,
and R, are very small, which can be ignored, C,,
Csiand Cy can be replaced by Cer [20], therefore, Fig.
7a can be simply expressed by Fig. 7b.

Fig. 7 CM signal sensing model
In view of the noise sensing characteristics of the
CT, the turn ratio of the CT is often set as 1 : 1. The
transimpedance Gcr(s) from noise current Iy, to the
voltage Vi, in Fig. 7 can be expressed as Eq. (3)

V.(s) 1 SL., R+ R,
Ger($)=7 ) 3 e 3)
in(8) MLy Ry R, Cop +5Ler (Rer +R,)+ R R,
3.2 High-frequency OPAM in DCJ-CSCC AEF G ()= Lou _ Cop-amp @
amp

As an active component, the OPAM plays a very
important role of obtaining high insertion loss in AEF.
However, the frequency bandwidth of an OPAM is
limited. Thus, a current-feedback amplifier (CFA) is
used in this paper. The CFA has a wider bandwidth
than the voltage-feedback amplifier (VFA) (21,

According to the high-frequency equivalent circuit
of the OPAM shown in Fig. 8 11521 " the closed-loop
voltage gain circuit can be expressed as Eq. (4)

Vin 1+ZO/7+ Zop 1 R

.G
Z, R+R, R+R, MW

Fig. 8 Circuit model of the amplifier
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3.3 Calculation of the insertion losses of AEFs
with BJT high-frequency equivalent model

In this part, to obtain the insertion loss expression for
describing EMI filtering effect of the proposed AEF,
the high-frequency equivalent circuit of the DCJ-
CSCC AEF is established, compared with equivalent
circuits of FB-CSCC AEF and FF-CSCC AEF.

The proposed DCJ-CSCC AEF is symmetrical for
the CM path; therefore, its structure can be equivalent
to half for analysis. In the proposed AEF model, the
BJT can be replaced by an equivalent circuit model
based on the analogue circuit theory, as shown in
dotted line box of the Fig. 9.

Fig. 9 Equivalent circuit model of the DCJ-CSCC AEF

Fig. 9 shows the high-frequency equivalent circuit
of DCJ-CSCC AEF, where Gcr(s) and  Gupp(s)
represent the transfer function expressions of the CT
and OPAM circuit, respectively. I, and Z, represent the
equivalent current source and equivalent impedance of
the interference source, respectively. The nodes of the
base (B), collector (C), and emitter (£) are depicted in
Fig. 9. C,, Rs, Cy, 10, and g, represent the BJT’s
capacitance, resistance,

base-collector input

base-emitter capacitance, output resistance and
transconductance, respectively (221 The parameters of
the BJT are determined by the BJT bias voltage, and
the quiescent point can be selected by adjusting the
value of Rpigs. Ip1, Ic1, and Ip,s represent the base
current and collector current of the BJT, and the
current flowing through Ry and C,. Ijs, represents
the current flowing into Zissy, and I4zr represents the
injection current of the AEF.

The parameters of the BJTs are given in Tab. 1,
where the current gain bandwidth product fr and

output capacitance C, can be obtained from the

datasheet of BJT, and other parameters can be derived
from fr and C.

Tab.1 Circuit parameters of the equivalent circuits

Parameter Value
Injection capacitor C;1,Ciyjp /nF 560
Resistor between the collector and base Rj;,,/Q 1000
Load capacitor C;/nF 100
Load resistor R;/Q 1
Transconductance g,,/S 0.046
Base-emitter capacitance C,/nF 34.25
Base-collector capacitance C,/nF 35
Base-emitter resistor R,/kQ 5.19

According to the current loop in Fig. 9 and
Kirchhoff current law (KCL) and Kirchhoff voltage
law (KVL), Egs. (5)-(6) can be obtained.

i,=g,V, +i
i, =—jaC, -V, (5)
V. =i (r, |1/ joC,)
Vo =10 Ger (5)- G, (5)
I.=g,Z,1, (6)
L=V, I1Z =1+ =(1+g,Z)I,

out

Further, According to the equivalent circuit shown
in Fig. 9, Eq. (7) can be obtained.

Icl :IAEFI +IAEF2 +Ix
Ly =V + 1,2, + (=1 )2, + 1 s 2, (7

ZLISN lisn out

zZI1 =V, +1,Z, +(_1x)Zﬂ S VA

out injl

Since there are two injection loops in DCJ-CSCC
AEF, namely, l4zr and I4gr, the transfer function
block diagrams of DCJ-CSCC AEF can be obtained by
using the superposition principle, as shown in Fig. 10.

Fig. 10 Block diagram of the proposed DCJ-CSCC AEF

In Fig. 10, Gor(s) represents the voltage division of
Z, and Zysy. Gou(s), Gi(s), Gs(s) and Gj (s) are
expressed as Egs. (8)-(11).
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1 1 1

ZL:RL+SCL er :R”HSC” Z#:RbiastC#
Gy (8)Ga (9)=Z 1
G — Z + CcT amp LISN L
Z(S) ( T (;I(S) Z

Py

The insertion loss expression of DCJ-CSCC AEF
can be obtained from Fig. 10, as shown in Eq. (12).
Note that /', is the current flowing through the LISN
without a filter, and /j;s, 1s the current flowing through
the LISN with the proposed DCJ-CSCC AEF,;
therefore, the insertion loss expression Eq. (12) can be

obtained through the quotient of 7, and /'s.

Gy, (s)

Z
Cor = Z,+Z sn (8)
_ G (5)G,,, (5)
AT AY ©)
I g.2.Z,..+G,()Z
G (S): xl J H 10
A Z,+Z,, (10)
G _ 1, _ ng/rZian +G, (S)Z# 1
O A (1
b2 o inj2 LISN
where
[lisn
IL,,,(s)==20lg 7 =-20Ig
a 1+G,, (s)

According to Refs. [23-24], the insertion losses of
FB-CSCC AEF and FF-CSCC AEF can be expressed
by Egs. (13) and (14), respectively.

IL,,(s)= —201g(

1
1+G0L<s)-G1(s>'<ng,,—Gg(s))j (13)

ILFF(S):—ZOIg( 1-G,(s) (8,2, — Gi(5)) j

1+(Gp, (5)=1)- G (5)-(g,Z, = G5(s))

(14)
Based on the deduction of insertion loss, the
insertion losses frequency response diagram of three
different structures, namely, FB-CSCC AEF, FF-CSCC
AEF and DCJ-CSCC AEF, can be obtained, as shown
in Fig. 11. The theoretical calculation results show that
the DCJ-CSCC AEF has a bigger insertion loss, which
means it can suppress the CM EMI much better.

Fig. 11 Insertion loss calculation results

4 Experimental verification and comparison

4.1 Simulation verification of AEFs in a boost

converter

To verify the filtering effect of the proposed AEEF,

Gi(9)(8,2, =G (s)+G,(5)(g,Z, ~Gi(5)

(12)

I_GI(S).(ngﬂ _G;(S))
DCJ-CSCC AEF was installed in the boost converter,
and its overall topology is shown in Fig. 12.

=

Boost converter

Fig. 12 Tllustration of the boost converter with AEF

The main circuit parameters of the boost converter
are shown in Tab. 2.

Tab.2 Operation parameters of boost converter

Parameter Value
Switching frequency f/kHz 100
Input voltage V;,/V 24
Input current 7;,/A 0.5
Output voltage V,,/V 78
Input capacitor C;,/uF 22
Inductor L,/uH 300
Load resistance Ry ,.s/Q 44
Output capacitor C,,/uF 100

The main circuit parameters of the proposed
DCJ-CSCC AEF are shown in Tab. 3.
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Tab.3 Main parameters of the proposed AEF

Component Parameter Value

Turning ratios of CT n 1:1
Core relative permeability x 7912
Magnetic inductance L¢y/pH 157.6

Current .

transformer Stray capacitance Ccr/pF 22
Stray resistor Rcp/kQ 1.56
Excitation inductance L,,/uH 9.242
Resistor R;,/Q 1
Unit gain bandwidth product 120

. GBP/MHz

Operational

amplifier Slew rate SR/(V/us) 7 000
Supply voltage Vee/V +15
DC current gain & 240

Push-pull o n. gam FE_

amplifier Current gain bandwidth product 100
fr/MHz
Voltage divider Ry, Ry/Q 1 000

. . Load resistance R;/Q 0.5

Injection circuit X
Load capacitance C;/nF 200
Injection capacitance C;,/nF 100

The boost converter with AEFs are analyzed and
simulated in ANSYS. According to the measurement
circuit in Fig. 12, the CM voltage of boost converter
can be obtained as Eq. (15)

Vew =V, +V,)12 (15)

The time-domain waveforms of the common mode
voltage of boost converter under different AEFs are
shown in Fig. 13, and its frequency-domain spectrum
is shown in Fig. 14.

1.0
%
2 05
E] [
= I | | | g
& 0 R R R
£ | I b
[
g -05
g I FF-CSCC AEF
= -1.0F —-—-—-— FB-CSCC AEF
o DCJ-CSCC AEF
=1.5 1 L 1 L |
0 0.2 0.4 0.6 0.8 1.0

Time/ms
Fig. 13 Simulation results of the CM waveform of boost
converter with and without AEFs
140

120
100

R[]~ —

magnitude/dBpuV

Fig. 14 Simulation results of the CM EMI spectrum of the

boost converter with and without AEFs

According to Fig. 14, it can be seen that DCJ-CSCC
AEF has better CM EMI suppression effect, which is
consistent with theoretical analysis, and only with
DCJ-CSCC AEF, the EMI magnitude of the boost
converter can satisfy the EMC standard.

In order to further verify the effectiveness and
correctness of the proposed AEF, the simulation results
and theoretical calculation results are compared. The
insertion losses with different AEFs in Fig. 11 can be
proved by the difference between the EMI magnitude
envelopes of the boost converter under using no AEF
and using different AEFs in Fig. 14, the comparison
results are shown in Fig. 15, which is almost the same
with the calculated insertion losses in Fig. 11.

Fig. 15 Insertion loss simulation results

Thus, the CM EMI filtering effect of the DCJ-CSCC
AEF can be proved and it really much better than any one
of FF-CSCC and FB-CSCC AEFs, its CM EMI filtering
effect is comparable to that of a two-stage AEF.

4.2 Implementation of the DCJ-CSCC AEF in
boost converter

The AEF platform shown in Fig. 16 was built. The
filter volume was 50 mmx60 mmx20 mm, which was
roughly the same as the AEF volume of independent
FF/FB-CSCC ). The actual test platform is shown in
Fig. 17.

{a) Front view

(b) Rear view

Fig. 16 Proposed AEF platform
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e
M Boost
converter | S8

Earth |

Fig. 17 The test platform of boost converter

Firstly, the injection current of the DCJ-CSCC AEF
was tested. Fig. 18 shows the CM voltage waveform
of the boost converter before and after installing the
DCJ-CSCC AEF. Fig. 18 shows that the peak-to-peak
value of the CM voltage exhibited significant
attenuation after adding the DCJ-CSCC AEF. In other
words, the compensation current injected into the main
circuit through the dual injection loop compensated
the noise current inversely. The CM current was
compensated to a certain extent.

Fig. 18 CM voltage waveform of boost converter

The CM voltage obtained with the proposed
DCJ-CSCC AEF was sampled using a spectrum
analyzer and then compared with the original noise
without the filter. The specific filtering effect of the
AEF in the frequency domain is shown in Fig. 19. In
particular, the insertion losses at 1.2 MHz and 11 MHz
provided by the proposed AEF can achieve 46 dBpV
and 35 dBpV, respectively.

Secondly, to prove that DCJ-CSCC AEF has better
EMI filtering effect than FF-CSCC or FB-CSCC AEF,

we also tested the EMI spectrum of the boost
converter under FF-CSCC AEF and FB-CSCC AEF.
The same circuit parameters are used in FF-CSCC and
FB-CSCC AEFs, but with only one injection loop in
the CM EMI tested, and the obtained CM voltage
waveforms are shown in Fig. 20.

o

z
40
=
o
2{} A1 A I T A
1.5%10° 105 sx10% 107 3x107
Frequency/Hz

Fig. 19 CM EMI spectrum of boost converter with and
without the proposed DCJ-CSCC AEF

Fig. 20 CM voltage waveform of boost converter

The CM EMI filtering effects of the proposed
DCJ-CSCC AEF, FB-CSCC, and FF-CSCC AEFs are
compared, and the results are shown in Figs. 21-22.

5 120p

Z e Without EMI filter
< 100 FF-CSCC AEF
3 — DCECSCC AEF
=

£ 80

P

E 60

&

s 4

L]

20 Liid i Ll 1
1.5%10° 10° 5%10% 107 3x107
Frequency/Hz

Fig. 21 CM EMI spectrum of the boost converter with the
proposed DCJ-CSCC and FF-CSCC AEFs
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The experimental results also show that the proposed
DCJ-CSCC AEF had a better filtering effect.

E 40
20 1 L :Hu:_-i'ﬁ-_.:-_,._‘___.
1.5%10° 10° 5%10% 107 3x107
Frequency/Hz

Fig. 22 CM EMI spectrum of boost converter with the
proposed DCJ-CSCC and FB-CSCC AEFs

4.3 Experimental results analysis

Based on Fig. 22, it can be observed that the EMI
filtering effect of DCJ-CSCC AEF has a certain gap
compared with the high insertion loss in the simulation
and theoretical calculation. The reason is that the
provided instantaneous power from the power supply
module of the proposed AEF was not high enough in
the actual experiment, which reduce the EMI filtering
effect a lot. Since, in simulation all power supply
modules are ideal voltage sources, it can provide any
current required without limit. However, in the
experiment, the maximum output current and output
power of the power supply module are only 200 mA
and 6 W.

To further prove this opinion above, we set the
power limit of the power supply in PSpice simulation,
and the EMI filtering effect is shown in Fig. 23 with
the power of the power supply is set to 6 W.

120
100 |-
80
60
40
20
0 2

Limited power supply
o 201 Ideal power suppl;
; PR |

M EMI magnitude/dBpV

I

1.5%10° 10° 5%10% 107 3%x107

Frequency/Hz
Fig. 23 Simulation results of the CM EMI spectrum with the

DCJ-CSCC AEF and different power supplies

According to Fig. 23, it can be concluded that the
EMI filtering effect of DCJ-CSCC AEF decreases
significantly when the power supply was limited,

which can explain the difference between the

simulation results and experimental results in this
paper.

In addition, considering the limited power of power
supply modules, the simulation results of the EMI
filtering effects with different AEFs are also given, as
shown in Fig. 24. According to Fig. 24, the
DCJ-CSCC AEF still demonstrates the best EMI
filtering effect among all the AEFs, but effect was
smaller than the simulation results in Fig. 14, since the
ideal power supply is used in the simulation of Fig. 14,
but the results in Fig. 24 are more consistent with the
experimental results.

120
Z L
E 100
E 80
2 60
£ ]
E 2 Iy I
2 o FF-CSCC AEF
= FB-CSCC AEF
o 20r DCJ-CSCC AEF
AL L R — ——
1.5%10° 106 5%10% 107 3x107
Frequency/Hz

Fig. 24 Simulation results of the CM EMI spectrum of the

boost converter with a limited power supply

If we want to improve the EMI filtering effect of the
proposed AEF in practice, a power supply module
with higher power level can be used. But it should be
noticed that there is a balance between the EMI
filtering effect and the cost, the volume of the
proposed AEF.

5 Conclusions

In this paper, a new DCJ-CSCC AEF is proposed,
whose EMI filtering effect are analyzed theoretically
and further verified by simulation and experiment
based on a boost converter. The proposed
DCJ-CSCC AEF has the advantages of compactness
and high insertion loss compared with existing
CSCC AEFs. The
conclusions were drawn.

(1) Compared with the existing FF-CSCC AEF and
FB-CSCC AEF, in the proposed DCJ-CSCC AEEF, only

two capacitors are added, and it does not need

single-injection following

large-volume CM inductive choke, which makes it
easier to achieve higher power density of DC-DC
converters.

(2) With the similar volume of AEFs, in the
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frequency band of 150 kHz-30 MHz, the proposed
DCJ-CSCC AEF exhibits a good EMI filtering effect,
and the magnitude of the insertion loss is between
21-46 dBpV, which ensures that the boost converter
satisfies the EMC standard, whereas the EMI spectrum
of the same boost converter with the FF-CSCC AEF or
FB-CSCC AEF exceeds the EMC standard. In
particular, the insertion losses at 1.2 MHz and 11 MHz
provided by the proposed DCJ-CSCC AEF can
achieve 46 dBpV and 35 dBpuV, respectively.

(3) The proposed DCJ-CSCC AEF has good
universality; it is suitable for all types of DC-DC
particularly

converters, those with high power

densities.
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