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Abstract—A novel multiresonant dc–dc converter is presented
in this article, which owns a wide input voltage range and better
voltage gain characteristics. Due to the addition of an antiresonant
tank with a notch filter function, the converter introduces third
harmonics in the power transmission, which can reduce the circu-
lating energy in the resonant tank and reduce the loss of rectifier
diode, thus improving the efficiency. The CL–LLC converter can
realize soft switching in the full-load range. This article introduces
the operating principle of the converter and the method of the
parameters design. Finally, a 350–500 V input and 24 V/400-W
prototype is designed to verify the correctness of the theory.

Index Terms—DC–DC converter, high efficiency, higher order
resonant tank, wide voltage range.

I. INTRODUCTION

IN RECENT years, with the development of power elec-
tronics technology, new energy technology has developed

rapidly. However, photovoltaic, wind power, and other new
energy generally have the disadvantage of unstable output.
Therefore, it is of great significance to design a converter that
can be applied to wide input conditions.

Resonant converters have been widely used [1]–[3]. An
LLC converter can realize zero voltage switching (ZVS) for
the primary-side and zero current switching (ZCS) for the
secondary-side diode [1], so it is a preferred topology for
small and medium power converters. According to its working
principle, the voltage regulation can be realized by adjusting
its switching frequency. However, its voltage regulation perfor-
mance is poor when the frequency is larger than the resonant
frequency, and the excessively wide switching frequency range
is not conducive to the design of magnetic devices, so it cannot
be used in applications with wide input voltage.

In order to solve the problem of high gain and high efficiency
in a wide input range, scholars around the world have made
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a lot of exploration and research. According to the operation
characteristics of resonant converter, there are three kinds of im-
provement methods. The first method is to change the amplitude
of the basis wave on the input side, which includes the cutover of
full-bridge and half-bridge topology, the duty cycle amplitude
accompanying modulation [4], [5] after the introduction of mul-
tilevel, and the fixed-frequency phase-shifting control [6]. The
second method is to change the resonant slot circuit structure,
such as adding LC winding [7] and multiresonant slot [8]. The
third method is to change the amplitude of the basis wave of the
output side, including changing the turn ratio [9], changing the
feedback voltage [10], and changing the rectification mode [11].

In order to achieve wide gain, a four-element LCCL multires-
onant converter is proposed in [12]. The structure of a notch
filter is introduced into the LLC resonant tank, and the fast
attenuation characteristics of the notch filter are used to improve
the high-frequency gain characteristics of LLC. It can be seen
from the gain curve that the gain characteristics of the LCCL
converter have been significantly improved. The gain decreases
rapidly with the increase of frequency, and theoretically, the gain
can be drop to 0. Therefore, wide gain adjustment can be realized
with a narrow frequency range. However, the gain characteristics
of an LCCL converter above the notch resonant frequency are
not good enough, and the gain is greatly affected by the load,
which is not conducive to the transmission of higher harmonics.

The method of utilizing harmonics to reduce the rms value
of resonant current has been proposed in [13]. A simple passive
auxiliary circuit is proposed. As a result, a minimum of 20%
reduction in rms current is achieved to decrease the conduction
losses in the power switches and in the auxiliary circuit. Also, a
65% reduction in switching frequency variation is obtained.

In order to further improve the performance of the converter,
some five-element multiresonant converters topology is pro-
posed in [14]–[16]. It is concluded that these converters can
not only achieve wide gain but also transmit active power by
high-order harmonics. Moreover, its structure and control mode
are simple. Therefore, compared with the conventional wide gain
converter, the converter has greater advantages. Compared with
the five-element multiresonant topology proposed in [17], the
advantages and parameters design of multiresonant converter
are fully reflected in this article.

In this article, a multiresonant topology based on the LLC
converter is proposed. The sensitivity of the voltage conversion
ratio in the operating frequency range is improved by introduc-
ing a notch filter, and the third harmonic can be injected to
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Fig. 1. CL-LLC resonant dc/dc converter.

Fig. 2. Circuit diagram of the proposed converter.

transmit active power. Therefore, the wide range of input and
the reduction of reactive power of the converter are realized
simultaneously.

II. OPERATION OF CL-LLC CONVERTER

The proposed CL-LLC resonant dc/dc converter is shown in
Fig. 1.

To simplify the analysis, the following assumptions are made
for the circuit components.

1) The converter is in a stable running state.
2) The filter capacitance is large enough to ignore the output

ripple voltage.
3) All inductors, capacitors, and transformers are ideal com-

ponents. The equivalent series resistance (ESR) values of
Cp, Lr, Cr, and Lp at the fundamental and third harmonics’
frequencies can be ignored.

A. Characteristics Analysis

The CL-LLC converter was analyzed by fundamental har-
monic analysis (FHA), and its simplified model was obtained,
as shown in Fig. 2.

For resistive load, the following formula can be used to
calculate the equivalent load on the primary side:

Re =
8n2

π2
R. (1)

When the converter operates at the resonant frequency, the
impedance of the resonant tank is zero; thus

1

jωCr
+

(
1

jωCp
+ jωLr

)
//jωLp = 0. (2)

From (2), the expression of resonant frequency can be ob-
tained as

fr1 =

√√√√k + q + kq −
√

(k + q + kq)2 − 4kq

2kq
fr0 (3)

fr2 =

√√√√k + q + kq +
√

(k + q + kq)2 − 4kq

2kq
fr0. (4)

The parameters in the formulas above are defined as

k =
Lp

Lr
, q =

Cp

Cr
, fr0 =

1

2π
√
LrCr

. (5)

In addition, when the Cp, Lr, and Lp of the notch filter resonant
are given, the resonant frequency is expressed as follows:

frp =

√
1

q (k + 1)
fr0. (6)

Based on the FHA method, the transfer function expression
of the CL-LLC converter can be obtained as

H(jω) =
jωLm//Re

1
jωCr

+ ( 1
jωCp

+ jωLr)//jωLp + jωLm//Re

.

(7)
The final transfer function can be simplified as (8), shown at

the bottom of this page.
Take the model of (8), the system gain is obtained in (9),

shown at the bottom of this page.
The parameters in (9) are defined as

Q =

√
Lr/Cr

Re
, λ =

Lr

Lm
, fn =

fs
fr1

η =
fr1
fr0

=

√√√√k + q + kq −
√

(k + q + kq)2 − 4kq

2kq
.

The gain curve of the multiresonant converter is shown in
Fig. 3. Since the impedance characteristic of the multiresonant

H(jω) = − 1

j Q
ηfn

[
1 +

kη2fn
2(qη2fn

2−1)
1−qη2fn

2(1+k)

]
+

[
λ

η2fn
2

(
1 +

kη2fn
2(qη2fn

2−1)
1−qη2fn

2(1+k)

)]
− 1

(8)

M (λ, fn, Q) =
1√{[

λ

η2fn
2

(
1 +

kη2fn
2(qη2fn

2−1)
1−qη2fn

2(1+k)

)]
− 1

}2

+

{
Q
ηfn

[
1 +

kη2fn
2(qη2fn

2−1)
1−qη2fn

2(1+k)

]}2
(9)
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Fig. 3. Gain curve of the multiresonant converter.

Fig. 4. LLC and CL-LLC diode rectified waveforms.

converter is basically the same as that of the LLC converter, the
gain characteristic of the multiresonant converter is similar to
that of the conventional LLC converter. In fr1 < fs < frp, the
gain of the multiresonant converter decreases significantly with
the increase of frequency due to the addition of the notch filter,
which means that the dc gain has a large response amplitude
to the frequency change. This is because the infinite impedance
generated by the parallel resonance of Cp, Lr, and Lp can reduce
the gain of the multiresonant converter to zero. According to the
characteristic that the gain can be reduced to zero, it is feasible
to realize the inherent soft-start capability and overcurrent pro-
tection function of the multiresonant converter by controlling
the switching frequency.

It can be seen from the gain curve that CL-LLC has better
voltage regulation characteristics. Compared with the traditional
LLC converter, the multiresonant converter has obvious advan-
tages in the gain adjustment range. At the same time, we can find
that the gain characteristics of the CL-LLC converter are similar
to two bandpass filters, which can transfer the fundamental and
higher harmonics simultaneously.

Considering that the third harmonic is the highest harmonic
in the input square-wave voltage, the third harmonic can be used
to transfer power and reduce reactive power circulation.

The comparison of transmission power between CL-LLC and
LLC is shown in Fig. 4.

When the LLC converter works at a resonant frequency,
the current is completely sinusoidal and can only utilize the
fundamental wave to transmit active power; for the CL-LLC
converter, the current takes the shape of a saddle wave, and the
third harmonic is injected to transfer active power. According
to the Fourier decomposition, in the square-wave voltage input
to the resonator, the content of the third harmonic is one-third
of the fundamental wave. Therefore, at the resonant point for
the resonant current, the content of the third harmonic current
is also about one-third of the fundamental wave current. In this
way, 10% of the active power can be transmitted theoretically
through the third harmonic.

If the peak value of the fundamental sine wave is assumed Im,
the calculations of the half-wave sine mean value and effective
value are as follows:

I =
1

2π

∫ π

0

Im sinωtdωt =
Im
π

(10)

I(rms) =

√
1

2π

∫ π

0

(Im sinωt)2dωt =
Im
2
. (11)

The average value and effective value of the saddle waveform
with the third harmonic injection are calculated as follows:

I∗ =
1

2π

∫ π

0

Im(sinωt+
1

3
sin 3ωt)dωt =

√
10

6
Im (12)

I∗(rms) =

√
1

2π

∫ π

0

(Im sinωt+
1

3
Im sin 3ωt)

2

dωt =
10Im
9

.

(13)

Compared with the ordinary half-wave sinusoidal current,
the effective value of the saddle waveform increased by 2.22
times and the average value increased by 1.65 times. Under the
condition of the same power with the same effective value, the
average value of the current with the third harmonic injection
can be reduced to 26%.

B. Operation Principles

The main working waveform is shown in Fig. 5, iLr is the
current of the resonant inductor, and iLm is the current of
the magnetizing inductance. iD1 and iD2 are, respectively, the
currents of the rectifier diodes D1 and D2.

Since there are many working modes in this subject, we take
working modes in fr1 < fs < frp as an example and introduce
the operating modes in this frequency band. The equivalent
circuits of different stages are shown in Fig. 6. The operation
of each working mode is described as follows.

1) STAGE I [t0, t1]: At t0, the switch performs the shutdown
operation and the resonant converter enters the dead-
time. Resonant current charges S1 until its body diode
is switched ON at which point S1 is driven and the soft
switching is achieved. During this period, the resonant
energy will be transmitted back to the input end. At the
time of t1, the resonant current reaches zero.

2) STAGE II [t1, t2]: In the time of [t1, t2], the S1 is driven. At
this time, the magnetic inductance is still being clamped
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Fig. 5. Key working waveforms of the converter in fr1 < fs < frp.

by the output voltage, and the energy transmits from the
input end to the output end through the transformer. At t2,
the resonant current is equal to the magnetic current.

3) STAGE III [t2, t3]: At t2, the load energy comes from
the energy storage capacitor of the output end, and the
transformer cannot transmit energy at this time.

4) STAGE IV [t3, t4]: At t3, S1 and S2 are both not driven,
and the system enters the deadtime again. The parasitic
capacitance of switches is charging or discharging. The
body diode of the switch is ON, which provides a condition
for soft switching. At time t4, deadtime ends and the
system enters the second half-cycle.

The working process of the second half-cycle is similar and
no longer repeated.

III. DESIGN PROCEDURE OF CIRCUIT PARAMETERS

In this chapter, we analyze the effect of key resonant network
parameters, and the scheme of parameter design from the angle
of optimal efficiency is summarized. Finally, a 400-W prototype
is taken as an example to give the design process of resonator
parameters.

A. Principles of Parameters Design

The CL-LLC converter has five resonant components, respec-
tively, Lm, Lr, Cr, Lp, and Cp. Before designing resonant
network parameters, it is necessary to analyze the influence of
these resonant elements on the converter. Based on (1), (3), (4),
and (9), the parameters can be calculated as

Lr =
QRe

2πfr0
(14)

Fig. 6. Equivalent circuits of different stages: Stage I: [ t0, t1], Stage II: [t1,
t2], Stage III: [t2, t3], and Stage IV: [t3, t4].

Cr =
1

2πfr0QRe
(15)

Lm =
Lr

λ
(16)

Lp = kLr (17)

Cp = qCr. (18)

Re and fr0, respectively, represent the ac equivalent resis-
tance and series resonant frequency. Re is determined by the
performance index, and fr0 can be selected by the switching
frequency during the design. It can be seen from (14)–(18) that
the parameters of the five resonant elements are actually only
related to k, q, λ, and Q.

Generally speaking, the loss of MOSFET mainly includes the
conduction loss and switching loss. Since the resonant converter
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can realize ZVS, there is no turn-ON loss, so the switching loss
only considers the turn-OFF loss. The conduction loss and turn-
OFF loss are directly related to resonant current ILr(rms) and
magnetic inductance current ILm(max). Therefore, the influence
of resonant element parameters on ILr(rms) and ILm(max) is
mainly analyzed in the loss analysis.

To simplify the analysis, the converter is assumed to operate at
resonant frequency points. At this point, the fundamental wave
and the third harmonic gain are 1, and the cavity impedance is
zero. Assuming that the magnetic inductance is large enough,
the fundamental wave presents the same impedance as the third
harmonic, and the resonant current can be expressed as

iLr(t) =
√
2ILr sin(ωrt+ ϕ) +

√
2

3
ILr sin(3ωrt+ ϕ). (19)

In (19), ILr represents the effective value of the resonant
current, while ϕ represents the phase difference between the
fundamental wave voltage and current.

As the magnetic inductance is clamped by the output voltage,
the current waveform changes linearly, which can be expressed
as follows:

ILm(t) =

{
nVo

Lm
(t− T

4 ) 0 ≤ t < T
2

nVo

Lm
( 3T4 − t) T

2 ≤ t < T.
(20)

In (20), T is the resonant period, and n is the turn ratio of the
transformer.

According to the initial value of resonant current and magnetic
inductance current equals each other, it can be obtained as
follows:

ILr(t0) =
4
√
2

3
Ir sinϕ = −nV0T

4Lm
. (21)

From (19)–(21), the following can be solved:

ILr(rms) =
3nV0

4Re

√
Re

2Tr
2

32Lm
2 +

9

50
π2 (22)

ILm (max) =
nV0T

4Lm
. (23)

In order to make the analysis general, it is necessary to
normalize the current. Current reference IN is defined as follows:

IN =
nV0

Re
. (24)

The Lm expression in (16) is substituted into (22) and (23) and
normalized in accordance with (24), and the following equation
can be obtained as:

ILr
∗ (rms) =

ILr (rms)

IN
=
3π

4

√
λ2

8Q2 × η2
+

9

50
(25)

ILm
∗ (max) =

ILm (max)

IN
=

πλ

2Q× η
. (26)

From the above analysis, it can be seen that the influence of
resonant element parameters on the converter loss can finally be
reduced to the influence of ILr

∗(rms) and ILm
∗(max).

Fig. 7. Influence of k on converter gain (q = 0.14, λ= 0.14, and Q = 0.4).

Fig. 8. Influence of q on converter gain (k = 0.94, λ = 0.14, and Q = 0.4).

B. Resonant Frequency Matching

It can be seen from the current expression that ILr
∗(rms)

and ILm
∗(max) are not directly related to the value of k and q.

Therefore, the design of k and q is mainly considered from the
perspective of the third harmonic utilization, and the influence
on the current is not analyzed.

When k or q is changed, respectively, the gain curve changes,
as shown in Figs. 7 and 8. It can be seen from the figure that
the change of k and q will affect the position where the gain is
zero, so as to determine the rate of descent of the gain curve
above the resonant frequency, while it has almost no influence
on the gain below the resonant frequency. This is because k
and q directly affect the resonant frequency of the notch filter,
and the introduction of the notch filter only affects the gain
characteristics above the resonant frequency point.

According to the analysis above, the CL-LLC converter has
three resonant frequency points fr1, fr2, and frp of the notch
filter. Reasonable matching of these three resonant frequencies
has an important effect on the converter.
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Fig. 9. Relation curve between the value of resonant current ILr/(Io/n) and
frp.

According to the Fourier analysis, the third harmonic is the
highest harmonic in the input square-wave voltage. In order to
make full use of the third harmonic, it is hoped that fr2 is set as
3fr1.

Since the notch filter is introduced to improve the gain char-
acteristics when the switching frequency is higher than the
first resonant frequency fr1, frp should be higher than the first
resonant frequency fr1. At the same time, in order not to affect
the third harmonic transmission, frp should be lower than the
second resonant frequency fr2. Thus, fr1< frp< fr2. However,
frp cannot get too close to fr2, which means the utilization rate
of the third harmonic is greatly reduced. Similarly, frp cannot be
too close to fr1; otherwise, the fundamental wave transmission
will be affected.

The substandard resonant current ILr/(Io/n) with different
values of frp was analyzed by simulation, as shown in Fig. 9.
As we can see, as the value of frp increases, ILr/(Io/n) decreases
first and then increases. When frp = (1.5–2.5) fr1, the resonant
current is relatively low.

In addition, since the input square-wave voltage does not
contain even harmonics, it is a good choice to set frp as 2 fr1,
which can reduce the loss of reactive power in the resonant tank.

If we set fr1 as 500 kHz, fr2 and frp can be designed as

fr2 = 3fr1=1.5MHz (27)

frp = 2fr1=1MHz. (28)

Combined with (27) and (28), the following equation can be
solved as:⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

k =
Lp

Lr
= 0.94

q =
Cp

Cr
= 0.14

η =

√
k+q+kq−

√
(k+q+kq)2−4kq
2kq = 0.96

fr0 = fr1
η = 520.8.

(29)

C. Influence of Q and λ

According to (25) and (26), the curves of ILr
∗(rms) and

ILm
∗(max) varying with λ and Q can be drawn. Figs. 10 and

11 show that ILr
∗(rms) and ILm

∗(max) both increase with the
increase of λ, and the influence of λ is more obvious when Q is

Fig. 10. Influence of λ and Q on the current ILm
∗(max) (q = 0.14 and k =

0.94).

Fig. 11. Influence of λ and Q on the current ILm
∗(max) (q = 0.14 and k =

0.94).

decreasing. As a result, the conduction loss and the switching
loss of the converter will increase. So, from the perspective of
efficiency, λ is desirable to be as small as possible.

It can be seen from Figs. 10 and 11 that, with the same λ,
ILr

∗(rms) and ILm
∗(max) will both decrease with the increase

of Q, and the conduction loss and switching loss will also
decrease. Therefore, from the perspective of efficiency, Q is
desirable to be as large as possible.

The variation trend of the gain with respect to Q is shown in
Fig. 12. It can be seen from the figure that with the increase of Q,
the peak gain of the converter will decrease, which may cause
the output voltage to fail to reach the required value. In terms of
gain characteristics, Q is required to be as small as possible.

The gain curve of the CL-LLC converter with different λ is
shown in Fig. 13. As we can see, with the decrease of λ, the
peak gain decreases and the gain curve flattens out, which is not
conducive to the design of a wide range of converters. In terms
of gain characteristics, λ is required to be as large as possible.

D. Gain Constraints

The gain range is a key factor in resonant network parameters
design. From the point of view of design, it is required that
the gain range of the converter is larger than the actual gain
range. It can be seen from the gain curve that the gain decreases
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Fig. 12. Influence of Q on the gain of the converter (q = 0.14, k = 0.94, and
λ = 0.14).

monotonically with the increase of frequency in the working
frequency range. The gain varies with different loads. In the
case of the same switching frequency, the gain of the light load
is higher than that of heavy load and reaches the maximum under
no-load condition. Take the wide output converter as an example,
if the minimum output voltage with no-load and maximum
output voltage with full-load can meet the gain requirement,
then the converter can meet the gain requirement in the whole
operating range. Therefore, the parameter design of CL-LLC
should meet two criteria: the minimum output voltage gain
under no-load condition should be low enough and the maximum
output voltage gain with full-load is high enough.

1) The operating range that meets the minimum gain require-
ment.

Under the no-load condition, Q= 0 is substituted into the gain
expression (9), and the following equation can be obtained:

M (λ, fn) =
1[

λ

η2fn
2

(
1 +

kη2fn
2(qη2fn

2−1)
1−qη2fn

2(1+k)

)]
− 1

. (30)

According to the previous analysis, when the resonant fre-
quency matching is determined, the magnitude of k and q can
be uniquely determined, and then M is only related to λ and fn.

Fig. 13. Influence of λ on the gain of the converter (q = 0.14 and k = 0.94).

Fig. 14. Influence of λ and fn on the voltage conversion ratio M and the
minimum gain Mmin.

In order to meet the minimum gain Mmin requirement of the
converter, the gain at the highest frequency should be

M (fn_max) ≤ Mmin. (31)
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Fig. 15. Influence of Q and fn on the voltage conversion ratio M and the
maximum gain Mmax.

Fig. 14 shows the no-load gain surface with different λ and fn
and the Mmin plane of minimum gain requirement. Obviously,
the part below the plane meets the requirements. By projecting
this part of the surface onto fn and λ plane, the value range of λ

and fn can be obtained, which meets the minimum gain require-
ment. On the premise that the gain requirement is satisfied, the
value of λ is desired to be as small as possible, which means the
loss is minimized. λ is taken as 0.14.

2) The operating area that meets the peak gain requirement.
When λ is determined under the minimum gain requirement,

the peak gain is only related to fn and Q. In order to meet the
maximum gain demand of the converter, the gain at the lowest
frequency needs to satisfy

M (fn_min) ≥ Mmax. (32)

The influence of fn and Q on the gain and the plane graph
of peak gain Mmax are shown in Fig. 15. The part above the
Mmax plane can meet the peak gain requirement. Similarly, by
projecting this part of the surface onto the fn and Q planes,
the range of fn and Q can be obtained where the peak gain
requirement is satisfied. On the boundary line of the projected
area, there exists a maximum value of Q, which is the optimal
value of the design. As a result, Q is taken as 0.4.

According to (14)–(18), when k, q, λ, and Q are known, five
resonance parameters Lr, Cr, Lp, Cp, and Lm can be calculated.
The final step is to verify if the CL-LLC converter can implement
the soft switching within the full-load range. If not, select Q and
λ again until the soft switching is realized.

On the basis of the proposed parameter design method, the
design process of the multiresonant converter is shown in Fig. 16.

IV. EXPERIMENTAL RESULTS

According to the results of the previous design, a 400-W
prototype platform was built to verify the feasibility of the
proposed converter.

The electrical specifications are set as: Vin = 350—500 V,
Vout = 24 V, and Pout = 400 W. The parameters obtained by
obvious calculation are given in Table I. The digital control is

Fig. 16. Process of parameters design of the multiresonant converter.

TABLE I
SELECTED PARAMETERS AND SPECIFICATIONS OF THE CONVERTER

Fig. 17. Prototype of the proposed converter.

adopted, and the control chip is TMS320F28335. Fig. 17 shows
the prototype of the proposed converter.

Figs. 18–20 show the steady-state experimental waveforms
of different input voltages under different loads, where Vgs is
the primary-side switch driving voltage, Vds is the drain–source
voltage, and ir is the resonant current. As can be seen from the
figures, the experimental results are basically consistent with the
theoretical analysis. The primary-side switch can realize ZVS
soft switching characteristic. Due to the injection of the third har-
monic, the current waveform ir changes in saddle-wave shape.
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Fig. 18. Observed waveforms of the proposed converter at Vin = 400 V, Vo

= 24 V, Po = 400 W, and fs = 500 kHz. (a) Primary-side working waveform.
(b) Secondary-side working waveform.

Fig. 19. Observed waveforms of the proposed converter at Vin = 350 V, Vo

= 24 V, and fs = 400 kHz. (a) Half-load working waveform, Po = 200 W. (b)
Full-load working waveform, Po = 400 W.

When the converter works exactly at the resonant frequency of
500 kHz, the gain of the third harmonic is also 1, and the injection
of the third harmonic is more obvious.

In summary, the CL-LLC resonant converter proposed in this
article can achieve soft switching within the full-load range.

Fig. 21 shows the dynamic response waveforms of the
proposed converter. As we can see, the output voltage ripple is
350 mV, when Io varies from 12 to 2 A, which takes 18 ms.

The experimental waveforms at soft start are shown in Fig. 22.
Due to its gain characteristics, the switching frequency of the

Fig. 20. Observed waveforms of the proposed converter at Vin = 500 V, Vo

= 24 V, and fs = 660 kHz. (a) Half-load working waveform, Po = 200 W.
(b) Full-load working waveform, Po = 400 W.

Fig. 21. Experimental waveforms of dynamic response.

Fig. 22. Soft-start current and voltage waveform.

startup is set at the resonant frequency of the notch filter (fs
= frp). The switching frequency gradually decreases, and the
output voltage finally reaches the closed-loop steady-state value.

Fig. 23 shows the short-circuit steady-state waveform. As can
be seen, there is no high-current spike at the moment of the
short circuit. By increasing the switching frequency to the notch
resonant frequency, the current of the resonator is well limited.
It can be seen that the proposed converter has good short-circuit
protection ability.

The comparison of five multiresonant topologies for wide gain
applications is given in Table II. It can be seen from Table II that
the proposed topology has a significant advantage in efficiency.
Compared with other topologies, the proposed converter can sat-
isfy a wide gain while maintaining high efficiency. In addition,
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Fig. 23. Short-circuit experimental waveform.

TABLE II
COMPARISON OF THE PROPOSED CONVERTER WITH REFERENCES [18]–[21]

Fig. 24. Comparison of the switching frequency between LLC and the pro-
posed converters at high-voltage input and at different loads.

under the same voltage variation, the frequency range of this
topology is relatively narrow, making it easier to control and
improve efficiency.

Fig. 24 shows the comparison of the switching frequency
between LLC and CL-LLC converters at high-voltage input and
at different loads. When the input voltage is very high, the
switching frequency of LLC has to increase a lot, which means
low efficiency. Compared with the LLC converter, the switching
frequency range of the proposed converter is narrower. At Vin

= 475 V, from full-load to half-load, the frequency of the LLC
converter increases by 183 kHz, but the proposed converter only
increases by 60 kHz.

Fig. 25 shows the efficiency comparison curves of the pro-
posed CL-LLC converter and the traditional LLC converter under
different input voltages, which are obtained under the same
conditions. It can be seen from Fig. 25 that the efficiency of LLC
and the proposed topology is not significantly different near the
resonant frequency point. In the case of high input voltage, com-
pared with the traditional LLC converter, the CL-LLC converter
has obvious advantages in efficiency.

Fig. 25. Comparison of the efficiency between LLC and the proposed converter
at different input voltages.

The power loss of the proposed converter contains the switch-
ing loss and conduction loss of the switch, inductor loss, diode
loss, as well as the capacitor loss.

Inductor loss is divided into magnetic loss and copper loss as
follows:

Pmag = PV Vcore (33)

Pcop = Irms
2Rac. (34)

Irms is the effective value of the current flowing through the
winding. Rac is the ac resistance at the corresponding frequency
of the winding.

The conduction loss of the switch can be obtained as follows:

Pcond = I2sRDSon (35)

where RDSon is the ON-state resistance of the switch. The value
of the switch in this article is 280 mΩ. The switching loss can
be calculated by the formula as follows:

Poff =
VdsIofftoff

6T
(36)

where toff is the time of the turn-OFF transition, which is 45 ns.
Vds represents the voltage across the switch. Ioff is the value of
the turn-OFF current.

The diode loss can be calculated by

Pdiode = UD0ID. (37)

Where, UD0 is the diode forward conduction voltage, and ID
represents the current flowing through the diode.

The loss of the resonant capacitor can be expressed as

Pc = RESRIc
2 (38)

where RESR and Ic represent the equivalent series resistor of the
capacitor and the rms of the capacitor current, respectively.

Fig. 26 shows the power loss of the different elements of the
proposed converter. Under the condition of full-load, at rated
output, the total loss of the MOSFET is 4.8 W, the loss of the
resonant capacitor is 1.2 W, the loss of the diode is 6.5 W, the
loss of the inductor is 2.6 W, and the other loss is 1.2 W.
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Fig. 26. Power loss of the different parts of the proposed converter.

V. CONCLUSION

In this article, a wide gain and high-efficiency multiresonant
converter has been studied. By improving the LLC resonant tank
and introducing the notch filter, a new five-element CL-LLC
multiresonant converter is proposed. The operating principle
and gain characteristics of the converter are analyzed in detail.
It is indicated that the topology is suitable for the wide range
of voltage input or output applications. At the same time, the
multiresonant converter can realize soft switching over the entire
working range, which can ensure high efficiency of the converter.
Compared with the conventional LLC converter, this converter
has the advantage of the third harmonic being introduced for en-
ergy transmission. In this article, a 400-W prototype is designed.
The experimental results verify the correctness of the theoretical
analysis and parameter design

REFERENCES

[1] H. Guisong et al., “Half-bridge LLC series resonant converter,” Delta
Power Electron. Center, Shanghai, China, 2000.

[2] Y. Guan, C. Liu, Y. Wang, W. Wang, and D. Xu, “Analytical derivation
and design of 20-MHz DC–DC soft-switching resonant converter,” IEEE
Trans. Ind. Electron., vol. 68, no. 1, pp. 210–221, Jan. 2021.

[3] Y. Guan, Y. Wang, W. Wang, and D. Xu, “A 20 MHz low-profile DC–DC
converter with magnetic-free characteristics,” IEEE Trans. Ind. Electron.,
vol. 67, no. 2, pp. 1555–1567, Feb. 2020.

[4] T. Jiang, J. Zhang, X. Wu, K. Sheng, and Y. Wang, “A bidirectional three-
level LLC resonant converter with PWAM control,” IEEE Trans. Power
Electron., vol. 31, no. 3, pp. 2213–2225, Mar. 2016.

[5] F. Qian, “Research on full-bridge three-level LLC converter based on
variable frequency and double phase-shift control,” Guangdong Univ.
Technol., Guangzhou, China, 2015.

[6] Q. Juan, “Research on digital control full-bridge LLC resonant converter,”
Nanjing Univ. Aeronaut. Astronaut., Nanjing, China, 2013.

[7] D.-K. Kim, C.-O. Yeon, J.-H. Kim, Y. Jeong, and G.-W. Moon, “LLC reso-
nant converter with high voltage gain using auxiliary LC resonant circuit,”
in Proc. 9th Int. Conf. Power Electron. ECCE Asia, 2015, pp. 1505–1512.

[8] I.-O. Lee, S.-Y. Cho, and G.-W. Moon, “Three-level resonant converter
with double LLC resonant tanks for high-input-voltage applications,”
IEEE Trans. Ind. Electron., vol. 59, no. 9, pp. 3450–3463, Sep. 2012.

[9] B.-G. Chung, K.-H. Yoon, S. Phum, E.-S. Kim, and J.-S. Won, “A novel
LLC resonant converter for wide input voltage and load range,” in Proc.
8th Int. Conf. Power Electron., Jeju, South Korea, 2011, pp. 2825–2830.

[10] H. Wu, Y. Li, and Y. Xing, “LLC resonant converter with semiactive
variable-structure rectifier (SA-VSR) for wide output voltage range ap-
plication,” IEEE Trans. Power Electron., vol. 31, no. 5, pp. 3389–3394,
May 2016.

[11] H. Wu, T. Mu, X. Gao, and Y. Xing, “A secondary-side phase-shift-
controlled LLC resonant converter with reduced conduction loss at normal
operation for hold-up time compensation application,” IEEE Trans. Power
Electron., vol. 30, no. 10, pp. 5352–5357, Oct. 2015.

[12] D. Fu, F. C. Lee, Y. Liu, and M. Xu, “Novel multi-element resonant
converters for front-end dc/dc converters,” in Proc. IEEE Power Electron.
Spec. Conf., 2008, pp. 250–256.

[13] A. Safaee, P. K. Jain, and A. Bakhshai, “An adaptive ZVS full-bridge
DC–DC converter with reduced conduction losses and frequency variation
range,” IEEE Trans. Power Electron., vol. 30, no. 8, pp. 4107–4118,
Aug. 2015.

[14] D. Huang, F. C. Lee, and D. Fu, “Classification and selection methodology
for multi-element resonant converters,” in Proc. 26th Annu. IEEE Appl.
Power Electron. Conf. Expo., 2011, pp. 558–565.

[15] D. Fu, “Topology investigation and system optimization of resonant
converters,” Ph.D. dissertation, Dept. ECE, Polytechnic Inst. State Univ.,
Blacksburg, VA, USA, 2010.

[16] T. Mishima, H. Mizutani, and M. Nakaoka, “An LLC resonant full-bridge
inverter-link DC-DC converter with an anti-resonant circuit for practical
voltage step-up/down regulation,” in Proc. IEEE Energy Convers. Congr.
Expo., 2012, pp. 3533–3540.

[17] D. Huang, “Investigation of topology and integration for multi-element
resonant converters,” Ph.D. dissertation, Dept. ECE, Polytechnic Inst. State
Univ., Blacksburg, VA, USA, 2013.

[18] D.-K. Kim, S. C. Moon, C.-O. Yeon, and G.-W. Moon, “High efficiency
LLC resonant converter with high voltage gain using an auxiliary LC reso-
nant circuit,” IEEE Trans. Power Electron., vol. 31, no. 10, pp. 6901–6909,
Oct. 2016.

[19] B. Shen, Y. Chen, H. Wang, Y.-F. Liu, and P. C. Sen, “High efficiency wide
input voltage range LCLC resonant converter using nonlinear frequency
controller,” in Proc. IEEE Energy Convers. Congr. Expo., Sep. 2018,
pp. 1435–1441.

[20] T. Mishima, H. Mizutani, and M. Nakaoka, “A sensitivity-improved
PFM LLC resonant full-bridge DC–DC converter with LC antiresonant
circuitry,” IEEE Trans. Power Electron., vol. 32, no. 1, pp. 310–324,
Jan. 2017.

[21] Q. Zhao, W. Liu, Y. Wang, D. Wang, and N. Wu, “A novel multiresonant
DC–DC converter with wide output-voltage range,” IEEE Trans. Power
Electron., vol. 35, no. 6, pp. 5625–5638, Jun. 2020.

Xiangjun Zhang (Member, IEEE) was born in Shan-
dong Province, China, in 1971. He received the B.S.
degree in welding from Xi’an Jiaotong University,
Xi’an, China, in 1993, the M.S. degree in welding
from the Harbin Welding Institute, Harbin, China,
in 1999, and the Ph.D. degree in electrical engineer-
ing from the Harbin Institute of Technology, Harbin,
China, in 2006.

From 2006 to 2013, he was a Lecturer with the De-
partment of Electrical and Electronics Engineering,
Harbin Institute of Technology, where he has been

an Associate Professor since 2013. His research interests include the areas of
electronic ballast, power factor correction circuits, high-power converters, and
light-emitting-diode lighting systems.

Jiachen Jing was born in Heilongjiang Province,
China, in 1996. He received the B.S. degree in elec-
trical engineering in 2019 from the Harbin Institute
of Technology, Harbin, China, where he is currently
working toward the M.S. degree in electrical engi-
neering.

His current research interests focus on high-
frequency resonant converters.



10394 IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 36, NO. 9, SEPTEMBER 2021

Yueshi Guan (Member, IEEE) was born in Hei-
longjiang Province, China, in 1990. He received the
B.S., M.S., and Ph.D. degrees in electrical engineer-
ing from the Harbin Institute of Technology (HIT),
Harbin, China, in 2013, 2015, and 2019, respectively.

Since 2019, he has been an Associate Professor
with the Department of Electrical and Electronics
Engineering, HIT. His research interests include areas
of high-frequency and very high frequency convert-
ers, single-stage ac/dc converter, and high conversion
ratio converters.

Mingcong Dai was born in Jilin Province, China,
in 1995. He received the B.S. and M.S. degrees in
electrical engineering from the Harbin Institute of
Technology, Harbin, China, in 2018 and 2020, re-
spectively.

His current research interests focus on high-
frequency resonant converters.

Yijie Wang (Senior Member, IEEE) was born in Hei-
longjiang Province, China, in 1982. He received the
B.S., M.S., and Ph.D. degrees in electrical engineer-
ing from the Harbin Institute of Technology (HIT),
Harbin, China, in 2005, 2007, and 2012, respectively.

From 2012 to 2014, he was a Lecturer with the
Department of Electrical and Electronics Engineer-
ing, HIT, where he has been an Associate Professor
since 2015. His interests include dc–dc converters,
soft-switching power converters, power factor correc-
tion circuits, digital control electronic ballasts, LED

lighting systems.

Dianguo Xu (Fellow, IEEE) was born in Hei-
longjiang, China, in 1960. He received the B.S. de-
gree in control engineering from Harbin Engineering
University, Harbin, China, in 1982, and the M.S.
and Ph.D. degrees in electrical engineering from the
Harbin Institute of Technology (HIT), Harbin, China,
in 1984 and 1989, respectively.

In 1984, he was with the Department of Electrical
Engineering, HIT, where he late became a Profes-
sor. He then worked as the Dean of the School of
Electrical Engineering and Automation from 2000 to

2010, and is currently the Vice President of HIT. His research interests include
renewable energy generation technology, power quality mitigation, sensorless
vector-controlled motor drives, and high-performance servo system. He has
authored or coauthored more than 600 technical papers.

Dr. Xu is an Associate Editor for the IEEE TRANSACTIONS ON INDUSTRIAL

ELECTRONICS and the IEEE Journal of Emerging and Selected Topics in Power
Electronics. He serves as a Chairman of the IEEE Harbin Section.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


