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Abstract—This paper presents and verifies the concept of a
converter for a medium voltage (MV) electric vehicle (EV)
charging station that employs high-frequency galvanic isolation
and features no dc link capacitor. The system is based on multi-
cell boost (MCB) topology; however, instead of a conventional
two-stage configuration with dc link, isolated current source
converter (iCSC) based cells are used. They perform power
factor correction (PFC) while also providing HF galvanic
isolation and are connected in series at the input and in parallel
at the output. The exceptional feature of such configuration lies
in inherent voltage balancing among the cells, which significantly
simplifies the control and protection and improves scalability.
The concept is verified with a scaled 4 kW prototype having three
iCSC cells.

Index Terms— electric vehicle (EV) charger, off-board charger
(OBC), power factor correction (PFC), single-stage AC-DC
converter.

I. INTRODUCTION

RANSITION to electrified transport is increasing at its

pace, with more and more manufacturers entering the

electric vehicle (EV) market. There is a high
probability that this trend will only speed up, instigated by
various governmental initiatives. These include the EU plan
for making all new cars sold in the EU to be zero-emission
vehicles starting in the year 2035 and the US goal to make half
of light trucks sold in the U.S. in 2030 be zero-emission
vehicles or including plug-in hybrids [1],[2]. In this context,
the satisfaction of EV user expectations in terms of refueling
time and availability of charging infrastructure are of major
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Fig.1 Generalized representation of fast charging station with dc-bus
supplied from MV three-phase grid.

importance. To address this, a range of initiatives and
roadmaps were launched to increase the number of charging
points per EV and road distance. Today, the chargers are
typically installed at EV users’ private houses, on parking lots,
or along roads and highways and the charging stations market
is projected to have sustained growth in the following years
[3]. A significant part of new installations is expected to be
represented by fast charging stations (FCS) with charging
times of 8 minutes / 100 kilometers [4], [5]. These stations
provide dc current and bypass the low-power ac-dc on-board
charger of the vehicle (see Fig. 1)

To improve the technology of high-power charging
infrastructure, many studies have been directed toward novel
solutions for fast charging stations. This paper proposes a
novel modular concept based on isolated current source
converter (iCSC) cells. In contrast to most similar systems, it
features no dc link capacitor and provides the unique property
of natural voltage balancing among the cells. These properties
can provide remarkable advantages in terms of
implementation complexity, redundancy, scalability, and cost.
The content is organized as follows: Section Il gives an
overview of existing solutions for fast EV charging stations
and their challenges; SectionIII describes the proposed
solution; Section IV gives design considerations; the
experimental verification is presented in Section V; finally, the
paper is concluded in Section VI.

II. EXISTING SOLUTIONS FOR MV CHARGING STATIONS

A. Topologies for MV Applications

Presently, systems used in fast dc charging stations are
generally supplied from medium voltage (MV) ac grids to
ensure the required power capacity. The voltage step-down
from MV to LV used by the power electronics is generally
provided by a line frequency (LF) transformer that is located
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Fig. 2 Modular MV converter with ISOP configuration of cells (a); two-stage topology with ac-dc rectifier and isolated dc-dc converter in each cell (b); two-
stage topology with common input side rectifier and converter cells containing a dc/dc boost PFC stage and isolated dc-dc converter stage (MCB); proposed
single-stage configuration based on MCB topology with common input side rectifier and isolated current-source converters (d).

(typically in a separate structure) near the charging site [6]. To
reduce the volume and weight of the installation, some
innovative FCS concepts are taking advantage of modular
systems with high-frequency (HF) transformers and can be
referred to as solid-state transformer (SST) based fast chargers
[71,[81,[91,[10].

One of the ways to provide connection to MV is to utilize
high-voltage power semiconductors with  multilevel
topologies, such as 13 kV SiC MOSFETs in [11], that are used
for the input voltage of 3.6 kVAC. Still, the obtainable input
voltage is confined due to limitations in semiconductor
technology. Alternatively, the semiconductor valve can be
composed of series-connected devices that share the total
voltage applied [12]. Other SST configurations generally
assume multiple cells (sub-modules) in input-series output-
parallel configuration (Fig.2a). Thanks to a typically large
number of cells, many voltage levels, and higher operating
frequencies, such solutions require reduced line inductor
ratings.

Among various configurations, the multi-cell boost (MCB)
topology offers the advantage of reduced total semiconductor
ratings and higher efficiency [7]. The MCB charger can be
realized in a few ways, depending on application requirements
and preferences. For example, the rectifier can be realized
using a common (diode) bridge circuit or individual rectifiers
inside each cell (see Fig. 2b and c) [8]. Likewise, either the
single line inductor can be used, or the required inductance
could be distributed among cells [9]. Furthermore, a multi-
winding transformer can be employed to provide extra
flexibility and possible cost benefits [13].

Most state-of-the-art MCB configurations assume a two-
stage configuration with an intermediate dc link. One of the
popular solutions for MV charging converter [10] was realized
with a three-level PFC boost rectifier stage, interfaced with a
three-level neutral point clamped (3L-NPC) converter through
intermediate dc-link in [14]. The concept uses only film

capacitors and offers high efficiency and reduced weight. Still,
since the dc link is used to filter the line frequency component
from the input of the second stage, it usually results in a part
that contributes significantly to the cell volume and
presumably also the overall cost of the system.

The potential way to address the mentioned drawback of
MCB configuration is to apply a single-stage topology
configuration without the dc link. The concept of a multilevel
converter composed of cells that are based on isolated matrix
converters (IMC) was presented in [15]. Such converters use
bidirectional switches made of anti-series connection of
discrete semiconductors. Due to many devices connected in
series at the grid side performing ac-ac conversion, the
modulation and control are quite complex. To address this, a
semi-modular SST was proposed in [16]. It features a common
diode bridge rectifier, similar to standard MCB topology.
However, instead of a two-step conversion through stabilized
dc-link, a single-stage conversion using dual half-bridge
(DHB) topology is employed. As a result, the number of
components is reduced compared to the IMC-based solution,
while the bulky dc link is similarly omitted. At the same time,
the PFC operation of the DHB converter is associated with
several compromises related to input current regulation as well
as input voltage and power balancing. As a result, the system
requires many sensors, a complex modulation scheme and
communication channels between the cells.

B. Challenges of Voltage Balancing.

In conventional modular dc-dc ISOP systems based on
widely used topologies, such as dual active bridge (DAB), the
power and voltage balancing between the modules is a very
challenging and complex topic. An extra balancing controller
is typically required, and the solutions implemented can vary
from straightforward centralized to sophisticated ones
involving learning-based methods [18]. Typically, each
module requires information from several references and
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TABLE 11
COMPARISON OF SST-BASED MODULAR CONVERTERS
Isolation Topology DC-link Rectification Cell—lf: vel Tra'nsmltted Comments
Ref sensing signals
. Based on LF transformer, followed by isolated ac-dc
[6] LE+HE CFPP Pulsating Module-level N/A N/A cell with interleaved phases; centralized PWM
Input-series output parallel connected isolated matrix
[15] MC Absent N/A N/A converters; local PWM generation.
3L-boost + stacked LLC with centralized PWM. No
[10] Cell-level None All PWM cell-level measurement; balancing from <1%
component parameter mismatch
91 HF Bulky Vbe, Tout VDCI‘SF’ Mod, PSFB with cell-level rectification; decentralized PWM
1 OUTref
MCB WM 3L-boost + 3L-NPC with common rectification;
[14] Voer, Voca AllP centralized PWM with fiber optic cables.
[16] Common Voc, Ioc, Grid angle, DHB with common rectification; decentralized PWM
Pulsating VOUT IACrsi', VINrsi',
Proposed Grid angle, iCSC with common rectification; decentralized PWM
P Iacret with minimal cell-level sensing and natural balancing

*PSFB — *iCFPP — interleaved current-fed push-pull, IMC — isolated matrix converter, PSFB — phase shifter full-bridge, 3L- three-level, NPC — neutral point

clamped, DHB — dual half-bridge.
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Fig. 3 Proposed MCB with current source cell topology based on full-bridge
ASMC.

sensors [19]. For example, in the PSFB-based system from
[14], each cell needs to be sensing two dc-link voltages, while
also having a centralized generation of PWM signals that are
transferred by a high-bandwidth optical interface. Moreover,
in the case of a fault in one cell, additional control measures
need to be taken to balance the input voltage between the
remaining operational cells. The requirement of many sensors
and communication between the cells, as well as the high
computational burden, are affecting the cost of the MV FCS
system. Such solutions are lacking in terms of scalability and
can be considered for systems with a relatively low number of
cells. The comparison of properties of various SST-based
systems is presented in Table 1.

In this paper, a novel configuration is proposed by utilizing
a single-stage iCSC topology without the intermediate dec-link

three cells in different switching states: the bridges of iCSCs continuously
maintain the path for the input current flow due to D> 0.5.

(Fig. 2d), which provides PFC and galvanic isolation
simultaneously and with natural voltage balance among the
cells [17].

III. PROPOSED SINGLE-STAGE MCB WITH CSCs

A. Natural voltage balancing

To improve scalability and reduce complexity, while
keeping the advantages of single-stage MCB, the use of iCSC
in each cell is proposed in this paper (Fig.2d). In general,
most of the iCSC topologies can be applied as cells in the
MCB converter. The comparative analysis of example
topologies is given in [17]. These converters typically
implement zero current switching (ZCS) techniques to
mitigate the voltage spike at switch turn-OFF. In the frame of
this study, the asymmetric secondary-modulated converter
(ASMC) shown in Fig. 3 is used as the basic cell.
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Fig. 5 Generalized operating principle of ASMC.

The key feature of implementing iCSC lies in inherent
voltage balancing across the cells. Due to the nature of typical
CSC, at least two transistors in the input bridge circuit are
always conducting, creating a continuous path for the current.
The same is true for multiple iCSC cells connected in series —
they all would share the same input current, regardless of
whether interleaving is used, as shown in Fig. 4.

The steady-state level of the primary transformer voltage of
the ASMC is equal to the reflected voltage value from the
secondary side. As the secondary windings are connected in
parallel, identical voltage values would appear on the primary
windings of the series-connected cells (multiplied by the turns
ratio). Thus, the voltage balance is achieved naturally, without
the need for external circuits or control loops. This is the
distinguished property of ISOP-connected iCSCs, that does
not appear in voltage-source topologies.

1 |sin(o-T)| =1, [sin(e- T)|
|Vl'rp|:|Vl"rs|/n:VDCbus/n (1)

Vi sin(e- 1) = Viclsin(@-7)
m

where 7 is the grid frequency period, /4c is the magnitude of
the input current, /;; is the magnitude of the cell inductor
current, Vrp is the transformer primary voltage maximum
value, Vs is the transformer secondary voltage amplitude
value, 7 is the transformer turns ratio and m is the number of
ISOP-connected cells.

The ISOP connection of current-source de-dc converters for
MVDC applications was verified in [20] and showed
exceptionally good voltage-sharing properties and fault-
tolerant operation capability. Such a system achieves power
and voltage sharing naturally and does not require complex
balancing efforts as the DAB-based counterparts do.
Moreover, the ISOP-connected iCSCs demonstrate remarkable
fault-tolerant operation. In [20], to obtain interleaved
operation of iCSCs, the clock of the cells was synchronized by
using the same microcontroller. The requirement of interfaces
between the cells negatively impact the cost of the system and
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Fig. 6. Generalized operating principle of three-phase MCB converter
without dc link: by connecting all three phases at the output, the pulsation of
each is compensated, providing continuous dc power.

may also impose additional restrictions on long-term
reliability. In the proposed concept, the motivation of the
authors is to keep the number and requirements of the cell’s
I/O signals to a minimum. Thus, despite the apparent
advantage of interleaved operation, the operation without this
feature was assumed in this paper. This way, each cell will
require only a limited amount of low-bandwidth
communication signals.

Due to the absence of dc-link, the output current of each
cell has instantaneous output power pulsations of twice the
grid frequency, varying between zero and two times the
average. The generalized representation of the operation is
illustrated in Fig. 6. It should be noticed that the full charging
station is considered to have a three-phase input connection
(see Fig. 1). If the dc outputs from all phases are connected in
parallel, the problem of this second harmonic will be
eliminated and no significant filtering efforts will be required.

B. Current Source Converter-based cell

In this study, each cell is composed of iCSC based on
ASMC converter in Fig. 3. The topology was originally
introduced in [21] for dc-dc application, and its modulation
principle is presented in Fig. 5. Despite specific modulation
ensuring ZCS conditions, the general characteristics of the
converter are similar to those of conventional boost PFC one
[22]. The advantages include constant operating frequency,
low current circulation, reduced switching losses, and
bidirectional operation capability (in case such a mode is
required in some embodiments). Otherwise, the topology can
be substituted, for example, by the unidirectional version —
asymmetric resonant converter [23]. It shares the advantages
of ASMC but cannot regulate the value of peak current, thus
resulting in slightly higher energy circulation in the top bridge
devices and transformer.

To provide PFC, the ASMC topology uses a special phase-
shift modulation (PSM) technique to provide ZCS for the
primary devices and avoid a large voltage spike across them
(Fig. 7). The primary devices are operating with a duty cycle
higher than 0.5 to avoid open circuit condition for the

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/



This article has been accepted for publication in IEEE Transactions on Transportation Electrification. This is the author's version which has not been fully edited and
content may change prior to final publication. Citation information: DOI 10.1109/TTE.2024.3399329

1
TTE-Reg-2024-01-0166
'y
Iiq 4 A
I Trp : ~/ A >
) M Y% t
r
— v g
Sl | il 7] 7 7 7 1 R
S3 [ A F,t
S, [0 [ il Wt
Ss | | | 1 ] i 1 . il Lt
SsSe | | Y
S6S7 ] [ ot
% Overlap Boost state Active state t
Fig. 7. Generalized representation of the ASMC cell modulation sequence over one-half on the grid period.
Cell 1 ON /OFF
Feed
( forward | *5 gboost
- (2
} 15..170
Vac o ‘ ( ) - 1/0 + PWM
— L {PLL, BN T | $1-58
I Dyc | 1,2
Vbe g rej
DCbug PLLJ_L'_LI_ s of Eq.(1)
Vitus| 7N [Cpp fora Doc /2
29— B i1 Baig) Jcons
{ Cell m

Fig. 8. Simplified control of the modular converter with reduced number of communication links.

current path. The duty cycle depends on the transformer
leakage inductance and is chosen such that:

1 2nipy Ly f,
D >+ L1 leak SW
AC 2

, 2

Vbcbus @
where f;, is the switching frequency, L is the transformer
equivalent leakage inductance.

To minimize the energy circulation, a variation of the duty
cycle of the transistors S; and S,, together with instantaneous
current value, is introduced.

The input current is regulated by controlling the phase shift
of bottom switches in the primary bridge related to other
switches. Since a certain time is necessary for establishing the
ZCS condition, the minimal and maximal phase shift angles
should be defined. Neglecting the influence of the quasi-
resonant interval, they can be estimated as:

_ 4'7['fsw'n'l’/eak’ip

in = 3)
e VDCbus
2.7[.qu.n.Lea l
Ponax =TT = R et L )
VDCbus

where i, is the time-varying peak current flowing in the top
transistors S; and Sz and ip; is the instantaneous input current.

IV. DESIGN CONSIDERATIONS

A. Component Selection

Thanks to its modular structure, the proposed MCB
configuration can theoretically be suited for any MV level. In
practice, the voltage of the cell can be chosen to allow using
commercial 650...1700 V high-performance semiconductors,

like SiC MOSFETs or JFETs. At the same time, it is worth
mentioning that each transformer of the MCB converter cell
should withstand the full input MV level of the system. As a
result, the isolation is estimated to occupy a larger part of the
transformer window and the overall volume of transformers
will be higher than that of other competitive MV charger
configurations [7].

One of the main peculiarities of iCSCs is associated with
voltage overshoots. This problem can be mitigated using
snubber/clamping circuits, topology modifications, resonant
switching, or modulation techniques. However, the
oscillations caused by semiconductor capacitance and leakage
inductance generally remain [24]. As a result, iCSCs typically
require slightly higher voltage-rated devices than VSCs of
equal voltage levels. To reduce this effect, the iCSC
transformers are typically designed with a minimal leakage
inductance value. Since most of the EVs have nominal battery
voltages of around 400 V or 800 V, the level of the output
voltage can be adjusted by dividing the secondary windings
into groups and arranging them in series and/or parallel.
Alternatively, the output voltage can be adjusted by
connecting the dc-dc cells with a switching matrix of high-
power relays. To facilitate obtaining the design with
minimized leakage inductance, the transformer should
preferably have a relatively low turns ratio, which is quite easy
to achieve considering the semiconductor voltage range
discussed earlier.

B.  Communication and Control System

In modular systems, reaching the desired voltage and power
balancing between the cells is among the highest priorities. In
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MV systems, the isolation requirement for sensing and
communication can significantly affect the feasibility of the
solution. Not only does it increase the complexity of the
converter and its cost, but long-term reliability and running
costs are also affected, as such systems are typically expected
to be located outside.

To operate in closed-loop mode, each cell requires limited
information about the system. One of the ways would be to
simultaneously send the same estimated duty cycle (or phase
shift) value to every cell from a master module, which is
generated based on phase-locked loop (PLL) and inner/outer
control loops. In practice, that would require transmission of
the signal with a relatively high bandwidth. An alternative
approach would be to address the component parameter
mismatch and obtain better controllability of the current inside
each cell by locating the current sensor and control loop inside
the cell. The master module would then provide the PLL and
current reference signals to each cell. This way, only the
signals with relatively low bandwidth should be transmitted,
which can relax the hardware requirements and reduce the
costs.

The implemented control principle is presented in Fig. 8.
The master module includes input and output voltage sensors
and is responsible for PLL and current reference for the cells.
It can also incorporate protection and external communication.
The grid angle and frequency are transferred to each cell
through isolators as a 50% duty ratio signal at grid frequency,
while the current reference — by 1 kHz PWM signal with
10...90% wvariable duty ratio referring to minimal and
maximal input currents, respectively.

The obtained signals are converted to sinusoidal/variable
references by the corresponding math blocks inside each cell.
Readings from the local current sensor are used to estimate the
input current error. The cell control system is based on a
combination of feedforward and integral regulators. The
feedforward term estimates the required duty cycle value
based on characteristics of the topology that are similar to that
of a standard boost PFC converter.

Assuming ideal components, the input current i, at time
t+1:

VAC (t) T — VDCbus (t) . (
m-L, ™ nL

tot tot

1_l)FF (t))T'm (5)

i@+ =i, (n)+

where Dgr is the feedforward duty cycle, Ty, is the switching
period, v is the instantaneous value of the grid voltage and
Vbewus 18 the value of the output dc voltage, m is the number of
ISOP-connected cells.

Assuming that the input current reference i,.r equals

Ly (D) =1, [sin(®T,)|, (6)
the duty cycle Dgr from (1) can be derived as
- m-L i, +)—i_(¢)
DFF(t):[l_ VAC() n ]_l_ tot ( of of ) (7)
VDCbus (t) m VDCbus (t) : T;'w

It ITrP
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Fig. 9. iCSC input voltage and current as well as transformer primary current.
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Fig. 11. Estimated THD of 3-cell CS-MCB operating with different modes
(Li=1.35 mH).

Here, the first term is determined by the characteristic of the
boost converter, while the second one is the inductor current
forcing component.

As shown in the previous analysis, to implement soft
switching, the iCSC should exhibit several transition modes,
which results in duty cycle loss for the active state. To address
this, the integral term is added to adjust the effect of the duty
cycle loss, losses in components, input and output voltage
variations, as well as other relevant factors:

D(t) = Dy, +Dj (®)
The integral term Dj can be determined according to the

guidelines from [25]. The resulting phase shift value is used to
control transistors S, and S4. To reduce energy circulation, the
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duty cycles of transistors S; and S; vary, dependent on the
instantaneous value of the current, while the duty cycles of
other transistors are constant.

The simulated PFC operation of MCB made of three iCSC
cells without interleaving is presented in Fig. 9. As observed,
thanks to D4c variation of top devices, the transformer current
follows the input current with minor energy circulation. The
voltage balance is demonstrated in Fig. 10 on the example of
transformer primary voltages and currents using the PSIM
model. As follows, using such relatively simple partially
decentralized control, it is possible to provide balanced
operation of cells with a minimal number of local sensors and
communication links.

V. EXPERIMENTAL VERIFICATION

To verify the concept in the laboratory conditions, a
scaled version of the MCB converter was designed. The 4 kW
system consists of 3 cells and is supplied from a 440 V rms ac

operation is in between the optimally interleaved (considering
phase shift dpn=2-m/m) and synchronous (i.e., when all cells
switch simultaneously 6,5=0) modes.

To keep the output voltage of the prototype similar to that
of the full system, the use of a step-up transformer is required:

_ VDCbus(min) ’ (1 - ¢(min) / ﬂ-)

VAC(max) /'m

)

>

Inductor Transformer

Input Diode

Output
Capacitor

ThreeiCSC cells

Transistor’s
source (see Fig. 12). The parameters and main components are . Heatsink
listed in Table II. As the full-scale system is assumed to be Fig. 12. Photo of the scaled prototype
based on SiC semiconductors, this technology was used for TABLE Il
the scaled prototype as well. Although this results in the use of SPECIFICATIONS OF THE CONVERTER PROTOTYPE
significantly voltage-overrated devices, this decision was Parameter Symbol | Value
made to keep the properties of the technology (e.g. body diode Rg:igz zzﬁzgz VI‘;C"“S 3 5‘?4' (')“\‘/50 v
reverse recovery) closer to the ones assumed for the full Switching frquuency f,:f 50 Kl
system. To obtain the reverse blocking capability of the Transformer turns ratio n 1:1.47
transistors S, and S4 and minimize losses, they were composed Maximum power Praed 4 kW
of anti-series connection of MOSFETs and driven with Cell capacitor (DC-side) | Cocbus 40 pF
synchronous rectification. ggzc?crisio(cﬁfﬂde) 1§ 1"1; 'S 9(;‘128FHIP21L M3
- The MCB structure allows the use of individual Inpu%— <ide Transistors ss. | C3M0120090D
inductances inside each cell to form the line inductor, Output-side Transistors S5-Ss C3M0280090D
following the modularity principle. As the interleaving Microcontroller - TMS320F28379D
approach is not utilized in the prototype, the inductance value
was chosen such that the average THD is below 5% at powers
above ”: rated. The estimated characteristics are shown in
Flg 11. As observed, the resultmg THD for non-interleaved
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Fig. 14. Transformer primary currents of cells and input current (a); transformer primary voltages of cells (b); transformer secondary voltages of cells (c).
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Fig. 15. Output voltage and cell currents (a); transformer primary currents of cells and input current (b); input/output voltages and currents, output current of a

cell (¢).

The experimental waveforms of the iCSC cell are depicted
in Fig. 13 - Fig. 15. As depicted in Fig. 13a, the transformer
waveforms follow the theoretical ones for ASMC topology
and are not distorted by the ISOP operation. Fig. 13b and ¢
demonstrate how the topology manages regulation of the
active state and variation of peak current following the
instantaneous input current using (2). The balanced currents
and voltages of the cells are presented in Fig. 14. As observed,
transformer voltages and currents are naturally balanced
without additional control loops. The absence of interleaving
between the cells can also be noticed. Fig. 14a demonstrates
the currents of the cells’ transformers. They follow the
sinusoidal envelope, and thanks to the introduced variation of
the duty cycle, the current circulation is minor. The
transformer primary and secondary voltages are depicted in
Fig. 14b and c, and the output currents of cells are given in
Fig. 15a. The converter provides PFC with a sinusoidal shape
of the input current (Fig. 15b). Due to the absence of dc-link,
the output current of the cell has 100 Hz pulsations (Fig. 15¢),
closely following the simulated waveforms from Fig. 6. As
already mentioned, the full charging station is considered to
have the three-phase input connection (see Fig. 1). If the
outputs of all phases are connected in parallel, the problem of
second harmonic will be eliminated. The demonstrator showed
an efficiency of 94.5%. The relatively low values can be
explained by the series connection of cells with the voltage-
overrated SiC MOSFETs that have been used in the prototype.
The authors intended to apply the SiC technology comparable
to the one intended for the full system and not to use lower
voltage Si devices with different dynamics that are otherwise
suitable for the test voltages available.

VI. DISCUSSION AND CONCLUSIONS

The shift to EV technology requires significant
developments of associated charging infrastructure. To
improve the EV users’ comfort level, the number of fast
charging stations needs to be increased, particularly in
locations with a strong grid connection. This paper presented
SST-type modular technology for a fast EV charging station
that is supplied from the MV ac grid. Similar to other existing
SST-based concepts, the use of high-frequency transformers
allows for reducing the installation size and weight, while the
modularity principle allows using widely available discrete

semiconductor components and provides flexibility and

desired redundancy.

At the same time, the proposed technology applies the ISOP
connection of isolated current-source type cells in ac-dc PFC
application for the first time. Such a combination provides
unique features innate only to this connection. Compared to
other solutions, it provides the following advantages:

e climinates the need for bulky dc-link capacitors that
otherwise make up for a significant portion of system cost
and volume;
in contrast to the voltage-source type systems, the voltage
balancing of the cells is achieved naturally, without the
need for additional sensing and control loops;
features better fault tolerance and significantly reduced
sensing and communication requirements between the
cells, simplifying the system and reducing its cost.

At the same time, a few comments should be given
regarding the specifics of the concept. The design endorses the
use of transformers with minimized leakage inductance value.
Although the system can be easily designed with transformers
having a low turns ratio (which simplifies the achievement of
reduced leakage inductance), the full isolation requirement can
still put some restrictions on this aspect. Another problem is
related to the well-known problem of voltage oscillations on
the primary side that is common to iCSCs. Despite solving the
problem of large voltage overshot with modulation, additional
measures in the reduction of voltage stress, like the use of
small snubber/clamp circuits, will probably be required to
improve the feasibility of the solution. The concept did not
utilize interleaving techniques to avoid high-bandwidth
communication links. Evidently, the interleaving can improve
the utilization of input filter inductors; however, the feasibility
in terms of cost will depend on the particular case and has to
be evaluated separately.

The scaled experimental prototype has verified and
confirmed the properties of the proposed iCSC-based MCB
system. It can be viewed as a potential alternative to
conventional two-stage MV FCS configurations with dc-link,
bringing important benefits in terms of scalability, simplicity
of control, and low communication requirements, while
keeping the other advantages of MCB topologies.
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