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Abstract—The article presents a comparative analysis of thee
approaches to the modelling of a zero-current switéng quasi-
resonant boost converter (ZCS-QRBC) performed in Madab
Simulink. The widely used approach based on the us& Power
Electronics library components from SimPowerSystemdJ oolbox
is found to be the most effective for an introductin at a glance to
the basics of ZCS-QRBC operation as well as for edational
purposes. A SPICE-model of ZCS-QRBC based on physic
principles of elements operation is preferable to se to obtain the
practical results quickly, elaborate ZCS-QRBC topobgy, select
components, and establish a background for experinmal
investigations. In the later stages of system desighe limited use
of the simplified model is possible in order to comply with
requirements of existing computational resources. tl allows
estimating the influence of a control method on thesystem
dynamics and control accuracy or stabilization of acertain
parameter.
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. INTRODUCTION

The family of high-frequency quasi-resonant corset
has been proposed and described in the late 1980Bgking
into account their high energy efficiency, which nwinly
provided by low power losses in power switch duezéoo-
current switching (ZCS) or zero-voltage switchingVeg),
these converters are still highly relevant today.

The modern studies are focused on energy consumjfjo
and energy conversion [3]. There is a tendencydoee and
develop new devices, which are able to delivergaificant
increase of input voltage [4]. The most recent atigations
are also devoted to power losses minimization[[],[7] and
reduction of total harmonic distortions to improsepower
factor [8], [9], [10].

The higher switching frequency of ZCS-QRBC resinlte
improvement in the weight and size parameters efethtire
system [1], [5], [8], [9]. In addition, the dynamsicof the
converter could be increased [11], which not omhplioves
the accuracy of output voltage stabilization [1Bljt also
opens up prospects for use in high-performance simidl
controllers [14], [15], [16].

The implementation of control systems for such esters
is possible to perform based on modern high frequenntrol
units: digital signal processors (DSP) [17] or diel
programmable gate arrays (FPGA) [18].

One of the challenges encountered in the practical

implementation of the ZCS-QRBC is to provide theqse
switching at a zero current. This limits the opegtrange of
the converter both in frequency and output voltdgads to
the need of keep track the switch current etc.

There are also many parasitic parameters of tleaiitiand
the experimental board, which under high frequencieuld
significantly degrade not only the quality of theeegy
conversion, but also endanger the overall operatibrihe
physical model.

Hence there is a need for a computer simulatiod @%-
QRBC, which as known can significantly reduce tingetand
costs for experimental prototype building and irndab
design.

A considerable attention was paid to the analysid a
improvement of QRBC [19], [20]. The functions offdr by
the computer technology, as well as a new elemasé lof
power converters [4], [7] and their control systehg], [18]
articulates the need to revise traditional appreacto the
simulation of these devices.

To achieve successful research results, the agcofabe
model from the viewpoint of the correctness of taflection
of the controlled object’s critical properties isucial [15],

In particular the use of zero-current switching sjua [16]- On the other hand, the parameters of modempuiters,
resonant boost converters (QRBC) in the power factodespite significant progress, have some limitatiwch as

correction (PFC) devices appears as rather progifid],
[12], [13]. They represent an alternative to coriaral boost
converters which are usually used in PFC applioat[8], [9].
The main advantage of ZCS-QRBC is primarily asdedido
a significantly higher switching frequency comparedth
conventional boost converters.

performance, memory and cost.

This work discusses several models of ZCS-QRBQ buil
Matlab Simulink, which are deemed the most suitdbiethe
various stages of studying the systems with ZCS-QRB
order to effectively achieve the experimental ptyping.



Il.  ZCS-QRBCMODEL BASED ONPOWERELECTRONICS built on the elements contained in the SimPowerSyst

LIBRARY COMPONENTS Toolbox (Power Electronics library) from the simtida
software Matlab Simulink. The oscilloscope Chokeised to
display the dynamic processes in the storage indudthe
oscilloscope MosFET visualizes the switch curremtd a
voltage, and the oscilloscope Diagram shows othmamg
diagrams of the ZCS-QRBC operation.

SimPowerSystems software [21] similar to other
simulation tools interacts with Matlab Simulink [22vhich
allows simulating different mechanical and eleétrisystems
and their control. The first model of ZCS-QRBC (Flj is
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Fig. 1. A zero-current switching quasi-resonant boost coevenodel based on Power Electronics library camepas

The forma_\tion of control signals for ;h_e switch is Y R A P R R N
performed using a frequency modulator Digital FMheT S N S S
period of oscillations in the resonant circuitlis= 277,/L,C, , jzﬁrrTTjj
where L, is a value of the resonant inductance; @hds a Ty T R R S N R
value of the resonant capacitance. Since the frenue sofd_L__L__.__._ _R=12000mm| |

modulation is used in the ZCS-QRBC, the duty cyafiehe
control signal must satisfy the condition of theitshing at
zero current. The corresponding parameters acapriair1]
for this condition to be satisfied ate=0.61 uH,Cr=60 nF.
Other parameters includd=100 uH,Cf=100 uF.

Fig. 2 shows a timing diagram of the current transi
process in the storage inductor L1 after the suppliage for
ZCS-QRBC had been switched on and under fixed eater
level at the input of the frequency modulator.
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Fig. 2. A current transient process in the storage inductor
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Fig. 3.  Steady-state currents and voltages in a zero-dwsvatching

quasi-resonant boost converter

solve the major problem of the ZCS-QRBC design. séhe
elements of the scheme include:

1) The series resistor in the gate circuit, whiofosthes
the switch ON voltage and protects the driver. Amgration
of the scheme without this element is nearly beme
impossible.

2) The current sensor is needed to track zero iogss
points of the source current, as well as for MOSFET
protection under the critical conditions. In praetithis sensor
in addition to the active component comprises aldoctance
that affects the operation of the device at higigtiencies.
This sensor is connected in series with the switctd
therefore it affects the device efficiency.

3) Even though it might seem inessential, parasitic
parameters of the circuit elements working at Higljuencies
can also significantly affect the results. The maioblem that
may arise encompasses non-zero-current switchirenvthe
power dissipated in the switch increases rapidly #ue most

Fig. 3 shows the ZCS-QRBC operation within theimportant advantage of ZCS-QRBC is lost.

switching period in the steady state. The switclent islkey,
the voltage on the resonant circuitdsr and the load voltage
is Ucf.

These diagrams allow estimating the operation raraje
the output voltage and switching the frequency 6682Q0RBC
depending on the load. A prerequisite for an adeguark is
zero-current switching.

The unsatisfactory switching process requires aatiah
of the switching frequency or load. With the loadrrent
increase (decrease load resistance) the voltageotoenge of
ZCS-QRBC is narrowed at lower values.

In the used MOSFET model there are no elements th

determine the quality of the switch gate contrbislassumed
that the power switch is ideal with the logical déxontrol,
which does not require any special driver. Howewbe
problem of an effective MOSFET opening and closiag
presented even in a PWM boost converter, which svak
high frequencies.

One of the most important parameters of MOSFET used
ZCS-QRBC is the resistance of the channel in trencgiate.
However, the elements of the scheme which areheotrtost
important at a glance can significantly distort behaviour of
the computer model with respect to the real objatill not
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Ill.  SPICEMODEL OF AZERO-CURRENT SWITCHING

QUASI-RESONANTBOOSTCONVERTER

Due to the nature of pulse switches and taking acmount
their direct interaction with real objects, it idvisable to use
such Simulink extension as Simscape, which allows
simulation of the physical systems containing meats,
hydraulic, pneumatic, thermal, electrical and etatagnetic
components, representing the physical devices dmair t
mathematical descriptions directly.

A SimElectronics extension works with Simscape and
ens up the possibility of physical modelling of
electromechanic and electronic systems.

A SimPowerSystems toolbox is specially designed for
modelling of semiconductor devices by the means of
Simulink.

Unfortunately, these models do not allow analyzthg
behaviour of a pulse converter with sufficientabllity. Thus,
in a model of MOSFET with induced channel (from
POwerGUI library), Fig. 4, the input capacitanc@ds shown.
This is critically important in ZCS-QRBC when switng to a
high frequency and the shape of the gate voltafgetafthe
transient processes significantly.
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MOSFET model from POwerGUI library
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Fig.5.  SPICE model of a zero-current switching quasi-resbboost converters based on Simscape elements
In order not to involve the external programs ofevel
modelling of electronic components (e.g. Cadertbe))ibrary 600 —x
Simscape— Additional Components— SPICE-Compatible ig
Components is available to use. Fig. 5 shows a ERhGdel 200 @
of the investigated ZCS-QRBC based on the elemizata
i V; A \
Simscape. s R e e—" e —
The most important differences of this model coragan ok
the one shown in Fig. 1 include the active comptsien ‘
models, e.g. a model N-Channel MOSFET (T1). SinceHe -200  — - ’
basis of the model the physical processes in diesistor are
used, the abovementioned "fine points" may be studThe -400
SPICE models for simulation of ZCS quasi-resonamtkb 295 296 297 298 299 3
converters were successfully used [23], [24]. ' x 10
Fig. 6 shows the simulation results for ZCS-QRBE®iftg
diagrams of the state variables), which uses tleacheristics Fig.6.  State variables in a zero-current switching quesenant

of the MOSFET model RFP27N60K. Other parameterthef
components are similar to the model in Fig. 1.

boost converter



The variables depicted in Fig. 6 are the following:
x1 is the current of the storage indudtds

X2 is the voltage of the resonant capaadiior

x3 is the current of the resonant inductahce

x4 is the voltage of the filter capacitGf.

Fig. 7 shows the simulation results of transiemtcpss of
ZCS-QRBC load voltage after a sudden appearanctneof
switching frequencyfm = 333 kHz.
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Fig. 7.  Transient response in a zero-current switchingigessnant

boost converter

As it can be seen from Fig. 7, the reaction of ZQSBC
on the step of frequency corresponds to the oSoijaunit
with the following transfer function:

- KO
Kowuc ()= 5 v bsna”

(1)

where K, is a static transfer coefficient of ZCS-QRBC
switching frequency;D,, D, are the coefficients of the
denominator of the transfer function of ZCS-QRBC.

After the identification of ZCS-QRBC as an objedt o
control [16] the following coefficients were obtaitt

Ko = 1.74V/kHz; D, = 15.710° s; D, = 40.510* &

In Fig.7 the ‘Simple’ curve represents the resparfsthe
oscillating unit with the transient function (1).

IV. SIMPLIFIED MODEL OF AZERO-CURRENT SWITCHING
QUASI-RESONANTBOOSTCONVERTER

During the process of simulation of ZCS-QRBC cohtro
system the use of SPICE model can quickly leadhe t
memory overflow.

Assuming a linear dependence between the ZCS-QRBC
output voltage and the control signals frequeniog,mhodel of
ZCS-QRBC can be significantly simplified (Fig. 8).

The control signal from the frequency modulator esrto
the input port, and a sum of gain blocks allowdding the
linearized control curve based on the two points:

U max _U min
Korec = IL: = L_ 2)
max min
Using (2) one can write:
UQRBC =U Lmax KQRBC Fmax =U Lmin KQRBC F min® (3)

The coordinates of two points of control curve ¢an be
obtained experimentally.

For the frequencie$;, =200 kHz, F,, = 400 kHz and
voltagesU, min = 11.0 V,U 1 = 14.0 V we can obtain:

KQRBC =0.015 V/kHZ;UQRBC =10.4375 V.

In addition, while examining the dynamic processethe
system with ZCS-QRBC, it is recommended to inclinte a
simplified model a delay element, the value of wahghould
be confirmed experimentally.

A simplified model is useful for studying the bef@aw of
a system containing ZCS-QRBC as it allows signiftca
savings of the computing resources. However, itukhde
noted, that this model is valid only for the fixedlues of the
input voltage.

V. CONCLUSIONS

In this article three simulation approaches for hhig
frequency zero-current switching quasi-resonant sboo
converter were proposed, and appropriate modelse wer
analyzed in Matlab Simulink, which are deemed thestm
suitable for the various stages of studying theesgs with
zero-current switching quasi-resonant boost coavent order
to effectively achieve the experimental prototyping

Gain
e e
(L1 _—PK- + 1.385 '{: r -} Simple
F J—'+ ’ den(s) | Simple a7
5l Add Transfer Fcn Simple
Uo

Fig. 8.

Simplified model of a zero-current switching quessonant boost converter



The widely used simulation approach, which is based
the use of Power Electronics library componentsnfrthe
SimPowerSystems Toolbox, is found to be the mdsctie
for a quick introduction to the basics of quasieremnt boost
converter operation and for educational purposes.

(9]

[10]

The SPICE-model of ZCS-QRBC, which is based on the

physical principles of elements’ operation, is prable to use
for a quick obtaining of practical results, elalimma of ZCS-

QRBC topology, selection of components and buildihg

background for experimental investigations.

In the following stages of the system design, ihatéd
use of the simplified model is possible in ordecdmnply with
the requirements of existing computational resartteallows
estimating the influence of a control method on $ystem
dynamics, control accuracy or stabilization of sfec
parameters.
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