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ragomezj@uark.edu, goggier@ieee.org, daporras@uark.edu and jbalda@uark.edu

Abstract—This paper presents the analysis of the current
resonances on medium-voltage, medium-frequency trans-
formers due to the parasitic capacitances of the windings.
Converter performance is affected by these high-frequency
current resonances; therefore, the winding arrangement
of high-voltage high-turns ratio transformers must be
carefully considered during the building process. Three
different windings arrangements are built for a 5-kV-to-
400-V, 10-kHz transformer for a high-power dual-active-
bridge (DAB) converter. Open-circuit and short-circuit
impedance response of the three windings are compared.
Experimental results include open-circuit test on each of
the three different winding arrangements and a 10 kW load
test to illustrate the effect of the parasitic capacitances.

Index Terms—Nanocrystalline transformer, medium-
frequency transformer (MFT), current resonant, high-
voltage transformer,fold-back winding, solid-state trans-
former (SST).

I. INTRODUCTION

The dual active bridge converter (DAB) is one of the most
promising isolated DC/DC converters to meet grid high effi-
ciency and flexibility requirements for future power systems
[1]–[3]. This converter presents the advantages of galvanic
isolation, bidirectional power flow, simple control strategy, a
wide range of input and output voltages, operation with high
frequency and power density, making it a promising solution
for high power density applications. Some examples include
grid connection of renewable energy sources and storage
systems [4], [5], EV fast chargers [6], etc.

Despised these advantages, the high-frequency transformer
on the DAB faces the challenge of meeting the low leak-
age and high-efficiency requirements; including, low parasitic
capacitances to avoid current resonances [7], [8]. This last
requirement is particularly important because one of the effects
of these parasitic capacitances includes low-frequency current
resonances that can greatly affect the overall efficiency of
the converter, this specially affects soft-switching topologies

that depends on LC resonant tanks that can be affected by
harmonic distortions which leads to hard-switching behavior
and a drop in the efficiency [7]–[12]. In medium-frequency
and specially in medium-voltage transformers, these effects
need to be carefully studied since leakage inductance and stray
capacitances have a major effect in the full characterization of
the transformer, and this parasitic capacitance is high in high-
voltage applications due to the number of turns to achieve a
high-step-up ratio [13]. These effects are normally not present
in the conventional model of the transformers and a more
complete model that truly represents its behavior over a wide
range of frequencies is needed [13]–[15].

The main objective of this paper is to analyze the im-
pact of the parasitic capacitances on high-turns ratio high-
voltage transformers and explore their mitigation using differ-
ent winding arrangements. To study the impact of these stray
capacitances on the converter performance, three different
windings arrangements are built for a 5-kV-to-400-V, 10-
kHz high power transformer. Section II presents the analysis
and effects of the parasitic capacitances correlated to the
winding configuration of the transformer. Section III presents
the measured impedance response of each winding arrange-
ments using a vector network analyzer. Finally, IV shows
the experimental characterization of the three windings under
no-load conditions and the effect of the parasitic capacitance
on the current resonances. Also, experimental results under a
10kW load are presented.

II. TRANSFORMER PARASITIC CAPACITANCES AND
WINDING CONFIGURATION

Parasitic capacitances of medium-frequency transformers
are due to the distributed electrical coupling between any two
conductors. These include the winding to core capacitance, the
winding to winding capacitance, and the layer to layer capaci-
tance for multi-layer windings [7], [13]. These parasitic capac-
itances result in current spikes and propagation of conducted
EMI, which significantly affect the converter performance [7],
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Fig. 1. Considered winding arrangements (a) Conventional multi-layer winding; (b) Fold-back winding; (c) Split fold-back winding.

Fig. 2. Conventional winding arrangement (red) and triple fold-back winding
arrangements (black).

[8], [10], [16], [17]. Consequently, substantial attention has
been drawn to the mitigation of the winding capacitance.

The winding capacitance can be analyzed by using the
energy-base approach since the induced voltages in all the
turns are identical [7], [18]. The electrostatic energy stored in
the transformer is given in 1.

W =
Ci

2

(
V 2
1

3
+

V 2
2

3
+ V 2

3 − 2V1V2

3
+ V3V2 − V3V1

)
(1)

where Ci is the structure capacitance between two conductor

layers and can be expressed as C1 =
εrεoh

d
,where h and

d are the height and separation of the two conductor layers.
Also, V1, V2 and V3 are correlate terminal voltages given by

V1 = −V2 =
1

n
Vwinding, V3 = 0 for the conventional multi-

layer winding, and V1 = V2 = −V3 =
1

n
Vwinding for the fold-

back winding, where n is the number of layers and Vwinding

is the voltage across the winding.
The high number of turns and insulation requirements for

high-voltage windings lead to transformers having multi-layer
windings. Unfortunately, conventional multi-layer windings

TABLE I
TRANSFORMER PROTOTYPE DESIGN PARAMETERS

Parameter Value
Input V oltage 5 kV
Output V oltage 400 V

Frequency 10 kHz
Core Type Shell− type
Material Nanocrystalline

Primary Winding Litz wire ∅ 0.2mm, 45 turns
Secondary Winding Litz wire ∅ 0.2mm, 6 turns

tend to have higher parasitic capacitances [13], [19]; as a
result, special attention must be placed on their configuration.
This paper will study three different winding arrangements
for the high voltage winding, as seen in Fig. 1. Fig. 1(a)
is a convectional multi-layer winding, Fig. 1(b) is a fold-
back multi-layer winding, and Fig. 1(c) is a multi-layer multi-
section fold-back winding. Fig. 2 shows the conventional
winding and triple fold-back windings built for this work.
Table I shows the design parameters of the medium-voltage
medium-frequency transformer used to study the effect of its
stray capacitances.

III. TRANSFORMER IMPEDANCE RESPONSES

Fig. 3 shows the equivalent circuit that take into account
stray capacitances on the transformer. Using these model, a
vector network analyzer can be used to measure the impedance
response of the windings. The impedance response of the three

Fig. 3. Transformer parasitic equivalent circuit.
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TABLE II
CURRENT RESONANCE FREQUENCIES FOR ALL WINDING

ARRANGEMENTS

Impedance Response Open-Circuit
Resonance Point Resonance Point

Conventional 1.58 MHz 1.76 MHz
Foldback 7.0 MHz 6.74 MHz

Triple Foldback 25 MHz >10 MHz
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Fig. 4. Open-circuit and short-circuit of conventional winding arrangement.
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Fig. 5. Open-circuit and short-circuit of fold-back winding arrangement.
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Fig. 6. Open-circuit and short-circuit of triple fold-back winding arrangement.

windings arrangements are measured using Omicron Vector
Network Analyzer Bode 100. Fig. 4 shows the open-circuit
and short-circuit impedance responses of high-voltage winding
where it presented a resonance point of about 1.58 MHz.
The impedance response of the fold-back winding is shown
in Fig. 5 with a resonance point of about 7 MHz. Finally,
the triple fold-back winding showed a resonance point greater
than 20 MHz as seen in Fig. 6. From the open-circuit and
short-circuit impedance responses summarized in Table II, the
splitting of the primary winding can significantly mitigate the
parasitic capacitance of the high-voltage winding and move
the resonance point to high frequencies.

To compare the diminishing effect upon the parasitic capac-
itance of the conventional winding arrangement and the split
fold-back winding arrangement, the impedance model of the
transformer according to [20] can be obtained using the Vector
Network Analyzer Bode 100. Table III states the impedances
for the conventional winding and the triple fold-back winding.
The measurements of the parasitic capacitances of the primary
winding for the split fold-back winding showed a reduction by
a factor greater than 40 times compared to the conventional
winding parasitic capacitances. This result supports one of the
open-circuit and short-circuit impedances responses where the
resonance frequency for the split fold-back winding is about
20 times higher than that of the conventional winding.

IV. TRANSFORMER CURRENT RESONANCE
EXPERIMENTAL RESULTS

A single-phase DAB converter composed of 10-kV SiC
MOSFETs on the primary bridge and 1.2 kV SiC MOSFETs
on the secondary bridge, whose design is outside the scope
of this paper, was used to characterize the medium-frequency
transformer. This converter is used to study the parasitic capac-
itances on the system under no-load and load conditions. An
open-circuit or two-winding test was performed from the pri-
mary side of the converter using an MSO58 Tektronix scope.
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TABLE III
SINGE-PHASE WINDING IMPEDANCE CHARACTERIZATION

Winding Lm Llk1 Llk2 C1 C2 C12

Conventional 38.787 mH 228.44 µH 4.0 µH 224 pF 4 pF 67.4 pF
Split 39.653 mH 237.7 µH 4.17 µH 5 pF 12 pF 40 pF

Fig. 7. Considered winding arrangements (a) Conventional multi-layer winding; (b) Fold-back winding; (c) Split fold-back winding.

The current waveforms for each of the winding arrangements
are shown in Fig. 7. The current on the conventional winding
clearly illustrates the impact of the parasitic capacitances.
Furthermore, Fig. 7 exemplifies the mitigation of the current
resonances as different winding arrangements are used. The
results showed a resonance frequency of 1.76 MHz for the
conventional winding current in red while the split fold-back
winding current on purple has a resonance frequency above
10 MHz. Furthermore, a 10-kW load test was performed on
the conventional winding and triple fold-back winding which
are illustrated in Fig. 8. This results showed that the high
frequency current resonances occur during the step of the
secondary voltage and also it showed the reduction of such
resonances as a result of the splitting fold-back of the high-
voltage winding.

V. CONCLUSIONS

The experimental results of the high-voltage converter under
load conditions showed that stray capacitance present an issue
to the overall performance of the converter and attention needs
to be paid to the design of high number of turns windings.
Open-circuit and short-circuit impedance response showed
the improvement of the resonance point as a more complex
winding arrangement is used. Triple fold-back winding showed
a resonance point 20 times higher than the conventional
winding, resulting in the complete mitigation of the current
oscillation under no-load and load conditions.

Fig. 8. Current resonance during secondary voltage step-up for a 10-kW load
test.
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