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Abstract—This paper analyzes the variation trend of transmission coeﬃcients of two electromagnetic
interference ﬁlters with diﬀerent structures in diﬀerent temperature environments. Considering the
inﬂuence of mutual-inductance between capacitors and temperature on parasitic parameters, we
construct a wideband equivalent circuit model of electromagnetic interference ﬁlter and calculate the
coeﬃcient of the parameter as a function of temperature by measuring the parasitic parameters of
common mode chokes (CMC) in diﬀerent temperature environments. Because the wide range of selected
temperature changes, it is necessary to divide the entire temperature range into two temperature
segments and calculate the temperature coeﬃcients respectively to ensure the accuracy of the data.
Through the simulation and experiment, we have obtained the variation trend of the transmission
coeﬃcient of two kinds of structural electromagnetic interference ﬁlters under diﬀerent temperature
environments, and the trend shows that the attenuation performance of the ﬁlter rises ﬁrst and
then decreases with the increase of temperature, which veriﬁes that the temperature will aﬀect the
performance of the ﬁlter.

1. INTRODUCTION
At present, ﬁlters are widely used in electronic products to deal with electromagnetic interference (EMI)
problems. For instance, some products have power lines connected to EMI ﬁlters to suppress conducted
EMI, which meet the requirements of national standards for electromagnetic compatibility [1]. Filters
consisting of passive components such as capacitors and inductors have a good suppress to conduct
EMI. However, its parasitic parameters or the nature of the material itself are susceptible to a variety
of factors, such as thermal problems due to product loss, causing changes in the temperature of the
working environment. The ambient temperature aﬀects the value of the parasitic parameters of the
passive components, which in turn aﬀects the performance of the ﬁlter [2].
In high-frequency conditions, the performance of the capacitor is usually aﬀected by parasitic eﬀects,
and the self-inductance and mutual inductance of each component are aﬀected by changes in ambient
temperature [3, 4]. For an inductor, temperature changes aﬀect the magnetic permeability of the core,
which in turn changes its inductance [5]. Temperature aﬀects the performance of passive components,
which will have an important impact on EMI ﬁlters composed of passive components. Therefore, it is
important to study the temperature dependence of EMI ﬁlters.
Capacitance and inductance are the key components of EMI ﬁlters. Modeling can be used to
analyze the eﬀects of temperature on capacitance and inductance, which predict the behavior of ﬁlter
performance with temperature. To this end, this paper is devoted to the construction of models of
passive components and ﬁlters in accordance with actual operating conditions and to study the general
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method for accurately characterizing and measuring parasitic parameters in the constructed model [6–
10]. A simple measurement method for the CMC transmission coeﬃcient is proposed in [11]. This
method connects one of the windings of the CMC to the vector network analyzer (VNA) and the other
windings to open circuit. This open circuit structure characterizes the common mode attenuation ability
provided by the CMC in the low frequency part, and the diﬀerential mode attenuation ability of the
coupling inductance in the high frequency part. The performance of the CMC can be predicted quickly
with a very simple circuit.
Ref. [12] proposed two ﬁlter structures of parallel capacitors and anti-parallel capacitors, analyzed
the self-inductance and mutual inductance eﬀects of capacitors, and studied the transmission coeﬃcients
of the two topologies. Based on these two topological structures, we have deeply studied the variation
of parasitic parameters of CMC in diﬀerent temperature environments and calculated its temperature
coeﬃcient. We use the software Pspice to simulate the wideband characteristics of the two topology
ﬁlters under diﬀerent temperature conditions. Then we build two test circuits and measure the ﬁlter
transmission coeﬃcient under ﬁve temperature conditions with vector network analyzer, compare them
with the simulation results, and verify the relationship between the attenuation performance of the ﬁlter
and the temperature.
2. MODELING OF CAPACITOR AND COMMON MODE CHOKE
The most appropriate electrical model for real capacitors has three to four electrical elements. The
complex circuit can be simpliﬁed by removing the parasitic elements that have a negligible impact on
the global performance of the component. ESR, ESL, and C are the main elements of a capacitor. In
the equivalent circuit of a device, the temperature dependence of these three parameters needs to be
considered. A typical capacitive wideband equivalent model can be used to describe the behavior of the
measured capacitor over temperature and over a wideband range, as shown in Fig. 1. The equivalent
series inductance approximates a constant under diﬀerent temperature conditions, and only C and ESR
vary with temperature [7]. These data can be provided by the supplier of the component.

Figure 1. Capacitor circuit model.
A common technique employed to increase the high frequency attenuation of EMI ﬁlters is to place
two capacitors in parallel. In principle, the equivalent inductance of two equal capacitors in parallel will
be one half of that of a single capacitor, thus increasing the attenuation at high frequencies compared
with the case of a single capacitor. However, this simple calculation disregards the impact of mutual
inductance between capacitors, which might undermine the expected improvement. Fig. 2 shows the
diﬀerent connection structures of the two capacitors, called parallel structure and anti-parallel structure.
The distance between the capacitors of the two connection structures is 0.5 mm, and currents in parallel
structure capacitors ﬂow in the same direction, whereas in the other case, currents ﬂow in opposite
directions. The key diﬀerence between these two structures is the mutual inductance between the
capacitors, the mutual inductance between the parallel structure capacitors can be neglected, and the
mutual inductance of the anti-parallel structure cannot be ignored. Because the mutual inductance
between the capacitors reduces their total inductance, the high-frequency performance of the antiparallel ﬁlter is better than the parallel structured ﬁlter [12]. Also, another important diﬀerence between
these two arrangements is that the trace between the two capacitors will be typically larger in the antiparallel case, yielding a higher parasitic inductance, Ld . Note that in spite of the small value of Ld , it
may have a signiﬁcant impact on the performance of the ﬁlter at high frequencies because it is placed
between the two capacitors. Therefore, the shortest connection line should be made when wiring [13].
The common mode choke has two windings, which can be regarded as a four-port network, as shown
in Fig. 3, and this model divides the coupling inductance into common mode (CM) and diﬀerential mode
(DM), including the inductance LCM , LDM of the winding. In addition, the parasitic capacitance of
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Figure 2. Capacitor connection structure. (a) Parallel arrangement, and (b) anti-parallel arrangement.
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Figure 3. Wideband equivalent circuit model of common mode choke.
single-end winding CCM , CDM and parasitic capacitance CW between the windings at both ends, and
the self-resistance RCM , RDM of CMC are added.
The model has two advantages: First, it clearly shows the parasitic parameters that aﬀect the CM
and DM currents in the CMC. For instance, it shows that the capacitor CW has no eﬀect on the CM
current, but LCM aﬀects the CM current, and the inductor LDM acts on the DM current. Second, it
is easy to consider the frequency characteristics of the parasitic parameters in the model. Since the
inductance of the CMC varies with frequency, it is necessary to treat LCM and LDM as two independent
parameters [12]. k is the ideal coupling coeﬃcient, k = 1 the CM part, and k = −1 the DM part.
3. MEASUREMENT OF PARASITIC PARAMETERS AND CALCULATION OF
TEMPERATURE COEFFICIENT
The eﬀect of temperature on ﬁlter performance is essentially the inﬂuence on parasitic parameters of
the ﬁlter, which can be measured with a precision impedance analyzer. In order to determine the
various parasitic parameters of the model and their values in diﬀerent temperature environments, three
measurement methods are needed to measure diﬀerent parameters. A 2.2 mH CMC with a core material
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Figure 4. Measurement conﬁgurations of common mode choke under temperature variations. (a)
Method for measuring parasitic parameter CW , and (b) method for measuring diﬀerential mode
parasitic, and (c) method for measuring common mode parasitic parameters.
of manganese-zinc is mounted on the ﬁlter. The measured frequency range is 100 KHz–50 MHz, as shown
in Fig. 4, (a) measures the parasitic capacitance CW between the windings of the CMC; (b) measures
the DM parasitic parameters; (c) measures the CM parasitic parameters. A thermal chamber is used
to change the ambient temperature of the component under test (10◦ C–80◦ C).
The parasitic capacitance CW between two windings of CMC is calculated through the following
formula:
1
(1)
Cw = CW m
2
The DM parasitic parameters of the CMC are calculated through the following formula:
1
(2)
LDM = LDM m
2
1
(3)
RDM = RDM m
2
(4)
CDM = 2 (CDM m − CW )
where CW m , RDM m , CDM m are measured values.
Parasitic parameter values of the CMC at ﬁve ambient temperatures are shown in Table 1 and
Table 2.
It can be seen from Table 1 and Table 2 that the parasitic parameters of the CMC have diﬀerent
trends before and after 40◦ C, and the value of the inductor rises before 40◦ C and decreases after 40◦ C.
This is related to the core material of CMC. In order to improve the accuracy of the simulation,
the temperature coeﬃcients of the parasitic parameters at 10◦ C–40◦ C and 40◦ C–80◦ C are calculated,
respectively. The data of temperature coeﬃcients of capacitors can be obtained by the supplier.
The temperature coeﬃcients are calculated through the following formula:
X − X0
(5)
Tc1 + Tc2 (T − T0 )2 =
X0 (T − T0 )
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Table 1. Common mode choke common mode parasitic parameters.
Parameter
LCM (mH)
RCM (kΩ)
CCM (pF)

10◦ C
3.535
6.335
6.2

20◦ C
3.765
6.475
6.37

40◦ C
4.235
6.525
6.63

65◦ C
4.125
5.595
6.57

80◦ C
4.275
5.085
6.64

Table 2. Diﬀerential mode choke common mode parasitic parameters.
Parameter
LDM (mH)
RDM (kΩ)
CDM (pF)
CW (pF)

10◦ C
4.672
7.625
2.75
3.87

20◦ C
4.68
7.425
2.785
3.885

40◦ C
4.72
6.975
2.815
3.915

65◦ C
4.713
6.32
2.985
3.97

80◦ C
4.733
6.11
3
4.01

where Tc1 and Tc2 are linear temperature coeﬃcient and secondary temperature coeﬃcient, respectively;
T0 is the initial temperature; X0 is the parasitic parameter value at the initial temperature; T is the
temperature after the change; and X is the parasitic parameter value after the temperature change.
The formula is applied to the calculation of the temperature coeﬃcient of all parasitic parameters.
4. WIDEBAND CHARACTERISTICS OF FILTERS UNDER THE VARIETY OF
TEMPERATURES
In order to evaluate the advantages of the anti-parallel structure of the capacitors in the SC ﬁlter, we
construct two SC ﬁlter test boards. The two ﬁlters occupy the same space in the test circuit, and each
pair of capacitors is connected in parallel, but the track of the capacitor connection is diﬀerent, as
shown in Fig. 5. The anti-parallel layout design in Fig. 5(b) causes mutual coupling between each pair
of capacitors, and current ﬂows in opposite directions in each pair of capacitors. The high frequency
model of the ﬁlter is shown in Fig. 6. In this paper, the common mode capacitor (Y ) value is 10 nF; the
diﬀerential mode capacitor (X) value is 150 nF; and both capacitors are TENTA thin-ﬁlm capacitors.
The parameters of the model are shown in Table 3 [12].
The common mode (CM) transmission coeﬃcient measurement and simulation results of the two
SC ﬁlters are shown in Fig. 7(a). Note that the ﬁlter with an anti-parallel structure outperforms the
ﬁlter with a parallel structure by approximately 7 dB at high frequencies. It must be highlighted that
this improvement is obtained with no increase of the cost, weight, or the space required by the ﬁlter.
Also, note that the measured and simulated curves exhibit an excellent agreement, which demonstrates
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Figure 5. Shunt-capacitor ﬁlter layout. (a) Parallel structure, and (b) anti-parallel structure.
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Figure 6. High frequency model of ﬁlter.
Table 3. Model parameters of ﬁlter high ferquency circuit.
Coupled inductance
Parameter Value
LCM
4 mH
LDM
4.7 uH
RCM
6.5 kΩ
RDM
7.2 kΩ
CCM
6.5 pF
CDM
2.8 pF
CW
3.9 pF

Parameter
CX /CY
w×h×t×p
LX /LY
RX /RY
LD
MX /MY /MT

Capacitor
Parallel
Anti-parallel
0.15 uF/0.01 uF
CX : 18 × 14.5 × 8.5 × 15 (mm)
CY : 13 × 11 × 5 × 10 (mm)
12 nH/25 nH
75 mΩ/143 mΩ
0
4.3 nH
0
−4.2/−4.2/2.9(nH)

that the eﬀect of the mutual coupling between the Y -capacitors accounts for a better performance of
the ﬁlter with anti-parallel coupling (X-capacitors are ineﬀective for CM signals).
Figure 7(b) compares the transmission coeﬃcients of two SC ﬁlters for a diﬀerential mode (DM)
signal and gives the measurement and simulation results. Measured and simulated results depicted in
that ﬁgure reveal that also in this case, the anti-parallel arrangement of the capacitors provides an
advantage in terms of attenuation at high frequencies (improvements between a few decibels and 8 dB
above 6 MHz). However, simulated S21 curves with the circuit model of Fig. 6 and the parameters in
Table 3 do not agree well with the measured results at high frequencies. This makes a stark contrast
with the CM case in Fig. 7(a), where concordance between the measured and simulated results is much
better. The diﬀerence observed in the DM case is due to the eﬀect of mutual coupling between the CMC
and capacitors, which is a much more important eﬀect for a DM signal than for a CM signal [11, 14].
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Figure 7. Transmission coeﬃcient of SC ﬁlters. (a) Common mode, and (b) diﬀerential mode.

(a)

(b)

Figure 8. Transmission coeﬃcients of anti-parallel structure ﬁlter at various temperatures.
Measurement result, and (b) simulation result.

(a)

In order to improve the simulation accuracy of the DM signal attenuation in the SC ﬁlter, the mutual
coupling eﬀect between the CMC and capacitor should be considered and included in the circuit model
of Fig. 6, which is not included in this paper.
Figure 8 compares the measurement and simulation results of the common mode (CM) transmission
coeﬃcient of the anti-parallel SC ﬁlter under variety of temperature conditions. It can be seen from
Fig. 8(a) that before the resonant frequency, S21 value shows a trend of ﬁrst rising and then falling
with the rise of temperature, and 40◦ C is the inﬂection point of trend change which is consistent with
the inﬂection point of inductance value changing with temperature in Table 1 and Table 2. The S21
value after the resonant frequency value and the resonant frequency does not change signiﬁcantly, and
the maximum diﬀerence between diﬀerent temperatures does not exceed 0.3 dB. It can be concluded
that the common mode attenuation performance of the anti-parallel structure ﬁlter rises ﬁrst and then
decreases before the resonance frequency, with 40◦ C as the inﬂection point. However, the attenuation
performance change at the resonance point is not obvious In addition, the curves of the measurements
and simulations show good agreement.
Figure 9 compare the measurement and simulation results of the common mode (CM) transmission
coeﬃcient of the parallel structure SC ﬁlter under the variety of temperatures. It can be seen from
Fig. 9 that the S21 value rises ﬁrst and then decreases with the increase of temperature before the
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Figure 9. Transmission coeﬃcients of parallel structure ﬁlter at various temperatures. (a) Measurement
result, and (b) simulation result.
resonance frequency, with 25◦ C as the inﬂection point, and the inﬂection point has a certain gap with
the temperature inﬂection point of 40◦ C of the inductance values in Table 1 and Table 2. The S21 value
after the resonant frequency value and the resonant frequency does not change signiﬁcantly, and the
maximum diﬀerence between diﬀerent temperatures does not exceed 0.6 dB. It can be concluded that
the common mode attenuation performance of the parallel structure ﬁlter rises ﬁrst and then decreases
before the resonance frequency, taking 25◦ C as the inﬂection point, and the attenuation performance
change at the resonance point is not obvious. The curves of measurements and simulations show good
agreement.
From the experimental and simulated results, it can be concluded that the overall trend of
attenuation performance of both parallel structure ﬁlters and anti-parallel structure ﬁlters will rise
ﬁrst and then decrease with the increase of temperature, but the inﬂection points of diﬀerent structural
ﬁlters are diﬀerent.
5. CONCLUSIONS
In order to accurately characterize the wideband characteristics of SC ﬁlters under diﬀerent temperature
conditions, we have studied the measurement of the parasitic parameters of the ﬁlter components and the
calculation method of the temperature coeﬃcient, and constructed a simulation model of the SC ﬁlter
under the Pspice software platform. The wideband characteristics of SC ﬁlters in diﬀerent temperature
environments are predicted by the simulation model. Through the comparison of experiment and
simulation results, the high-frequency performance of the anti-parallel structure ﬁlter is better than the
parallel one, and the common mode measurement results are in good agreement with the simulation
ones. However, the measurement of diﬀerential mode is not consistent with the simulation results, which
will be our future work direction. In addition, by analyzing the transmission coeﬃcient of the ﬁlter in
diﬀerent temperature environments, we have obtained the relationship between the ﬁlter attenuation
performance and the temperature.
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