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Abstract—With the development of wide band-gap devices, Sil-
icon Carbide (SiC) semiconductor devices in 10–15 kV voltage
class offer potentials in medium-voltage (MV) systems. To ensure
the reliable operation of these MV SiC devices, gate driver power
supplies must meet specific requirements: MV isolation capability,
low coupling capacitance, stable performance across fluctuating
voltage potentials, and assembly convenience. This article proposes
a customized gate driver power supply solution. The proposed
core-series-coupling planar transformer meets the specified re-
quirements and significantly reduces common-mode capacitance
by series connection of core, while maintaining ease of manufac-
turing. In addition, the open-loop voltage regulator circuit model
ensures precise output voltage by accounting for winding resistance
and magnetizing inductance. This article presents an MV SiC gate
driver that achieves a partial discharge inception voltage of 11.5 kV
and the transformer exhibits a low coupling capacitance of 0.42 pF.
Additionally, this article conducts a 6 kV/30 A double pulse test,
demonstrating the robust performance of the gate driver even at
switching speeds of 133.9 V/ns during turn-OFF and 111.6 V/ns
during turn-ON transients.

Index Terms—Common-mode (CM) capacitance, gate driver
power supply (GDPS), medium voltage, silicon carbide (SiC).

I. INTRODUCTION

R ECENTLY, the rapid growth of the medium-voltage (MV)
architecture in industrial motor drivers, supercharging sta-

tions, and data centers has led to a greater demand for MV
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power electronic converters (PECs) [1], [2], [3]. Thanks to
the emergence of wide band-gap power devices, MV Silicon
Carbide (SiC) metal oxide semiconductor field effect transistors
(MOSFETs) with blocking voltages ranging from 3.3 to 15 kV
have attracted widespread attention, which can enable simplifi-
cation of converter topology and the associated auxiliary circuits
[4], [5], [6].

The MV SiC MOSFETs demonstrate ultra-fast switching
speeds, with dv/dt values reaching up to 250 V/ns, resulting
in significantly reduced switching losses [7]. In conventional
Silicon-based PECs, minimizing parasitic inductance has been
a primary concern due to the high di/dt, while relatively fewer
attentions has been given to the slow dv/dt [8]. Nevertheless,
due to the fast-switching characteristics of SiC power devices,
the design focus for SiC-based PECs is increasingly centered on
minimizing parasitic capacitive couplings [9]. These couplings
can generate high-frequency capacitive displacement currents
within the PEC systems, subsequently causing common-mode
(CM) noise problems in low-power control signals (e.g., gate
driver [10], control circuit [11], voltage/current sensors [12]).

The gate driver plays a critical role in MV SiC-based PECs
[13]. Commercially available isolated gate driver power supplies
for 650 V to 1.7 kV SiC MOSFETs can achieve a low coupling
capacitance of around 3 pF. However, their isolation voltage
is typically below 5 kV, limiting their use in MV applications.
Therefore, conventional isolated gate driver power supplies and
isolated gate drivers are inadequate for controlling the high-side
switches due to their insufficient isolation barrier and dv/dt
ruggedness [14]. As a result, customized gate drivers specifically
designed for MV SiC-based PECs are essential to ensure reliable
operation [15]. The diagram of the MV SiC gate driver, as
depicted in Fig. 1, includes an isolated converter for powering,
an optic fiber for control, and a driving stage. As shown in Fig. 1,
there are four typical challenges within the gate driver.

1) MV insulation capability: Ensuring insulation between the
driver stage and the auxiliary power supply.

2) Low coupling capacitance: This helps reduce the CM
currents induced by high dv/dt transients.

3) Constant output voltage: The implementation of a closed-
loop voltage regulator in the gate driver power supply
(GDPS) for high-side switches presents challenges due
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Fig. 1. Diagram of MV SiC gate driver.

to the rapidly fluctuating voltage potentials. However, it is
crucial for the GDPS to consistently maintain a constant
output voltage across diverse load conditions, remaining
unaffected by high dv/dt.

4) Assembly convenience: The design and implementation
of MV insulation, along with minimizing coupling capac-
itance, can significantly complicate the manufacturing and
assembly of transformers.

To address these challenges, improved conventional ap-
proaches [e.g., flyback [16], [17], [18], single active bridge
(SAB) [19], [20]] have been put into practice. However, their
power capacity remains restricted to a few watts due to the
low coupling factor in the isolated transformer. To overcome
this limitation, customized approaches are proposed in [21],
[22], [23], [24], and [25]. Yet, the complexity of the circuit
compensation network and the requirement for specialized me-
chanical assembly make implementation less straightforward for
engineers.

This article proposes a scalable solution based on a novel
core-series-coupling planar transformer to reduce CM coupling
capacitance, with an open-loop voltage regulator circuit for
maintaining the constant output voltage. The performance is
verified through a double pulse test (DPT) setup constructed by
the 10 kV SiC MOSFET power module.

The rest of this article is organized as follows. Section II
formulates the research problem, discussing the challenges and
the current state-of-the-art in MV SiC gate driver power sup-
plies. In Section III, the model for the core-series-coupling
planar transformer is presented, while Section IV describes the
open-loop voltage regulator circuit. Comprehensive experimen-
tal verifications are provided in Section V. Finally, Section VI
concludes this article.

II. PROBLEM FORMULATION

With the high dv/dt introduced by SiC-based devices, the
switching loss in PECs can be significantly reduced, thereby
greatly improving system efficiency [26]. However, it is impor-
tant to note that the magnitude of CM noise current is directly
affected according to icm = Ccmdv/dt [27]. To mitigate this
CM noise, the inclusion of a low-capacitive-coupling GDPS
becomes an essential component in SiC-based PEC systems.

Nonetheless, as shown in Fig. 2, when the CM capacitance
changes, the electrostatic energy will inevitably be altered.
Consequently, the magnetic field distribution is affected due to

Fig. 2. Electromagnetic field coupling in a transformer.

Fig. 3. Output voltages as a function of output power.

electromagnetic field coupling [28]. Specifically, when there is a
need to reduce CM capacitance and enhance MV isolation capa-
bility, the magnetic coupling factor k diminishes [29]. Therefore,
while reducing the CM capacitance, it is inevitable that higher
leakage inductance will be introduced in the transformer.

The flyback converter is a common topology for GDPS. In
[16], a primary-side regulated flyback converter was proposed.
By strategically inserting bobbins between the transformer
winding and core, the CM capacitance is reduced to only 2.6 pF
[17]. However, this reduction in CM capacitance introduces
high leakage inductance, leading to complexities in snubber
circuit design and limitations in terms of output power handling
capability [18]. To streamline circuit design, an open-loop SAB
that incorporates linear and low-dropout regulators (LDOs) is
developed [19]. This method effectively decouples the voltage
regulator from the isolated converter, thereby simplifying the
voltage regulation strategy. However, as depicted in Fig. 3,
a notable challenge arises due to the load-dependent voltage
drop, which is exacerbated by high leakage inductance [20].
Consequently, the converter power level is limited to a few watts.

To tackle the challenges mentioned above, two unconven-
tional approaches are proposed: the current-fed single-turn pri-
mary winding approach [21], [22] and wireless power transfer
[23], [24], [25]. The single-turn primary winding approach
involves transferring power from the primary side through a
high-insulation cable carrying a high-frequency current. The
energy is then received by a toroidal winding on the secondary
side. Wireless power transfer completely separates the primary
and secondary sides of the power supply. Both techniques meet
the high insulation and low coupling capacitance requirements.
However, the challenge lies in the complex circuit compensation
network and the need for specialized mechanical assembly,
making it less straightforward for engineers to implement.

In order to meet the gate driver requirements for SiC-based
PEC systems, the overall architecture of the designed gate driver
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Fig. 4. Overall architecture of the designed gate driver.

Fig. 5. Cross-section of a single-core planar transformer with parasitic capac-
itances.

is presented in Fig. 4. The power supply is divided into two parts:
a low coupling isolated power supply to minimize interference
and provide isolation, and a voltage regulation stage to ensure
stable voltage for the driving circuit. Two main contributions of
this article, as illustrated in Fig. 4, are outlined as follows.

1) Designing a core-series-coupling planar transformer:
This transformer ensures MV isolation and reduces CM
coupling capacitance. The precise winding-to-core dis-
tance can be controlled through PCB layout, eliminating
the need of inconvenient wire winding procedures.

2) Modeling open-loop voltage regulator circuit: Closed-
loop regulation can be challenging at GDPS due to the
rapid fluctuations in output voltage potentials. The pro-
posed model enables designers can reasonably adjust cir-
cuit parameters, ensuring a constant output voltage.

III. MODELING OF THE CORE-SERIES-COUPLING

PLANAR TRANSFORMER

Planar transformers are simpler to manufacture than conven-
tional transformers, resulting in significant cost reductions dur-
ing assembly [30]. In this section, the detailed implementation
of the CM capacitance model for core-series-coupling planar
transformers is conducted.

A. Single-Core Planar Transformer

The cross-section of a single-core planar transformer, as
shown in Fig. 5, comprises the primary winding, secondary
winding, and a ferrite core. In the case of MnZn ferrite cores,
the relative permittivity in the nominal frequency range is sig-
nificantly high, typically ranging from 104 to 106 (for reference,
the relative permittivity of air is 1.0006). This high permittivity
means that the core capacitance is much larger compared to the
parasitic capacitances between the windings and the core. As a

result, MnZn ferrite cores are generally treated as nearly perfect
electrical conductors, allowing us to consider the core capaci-
tance as infinite [31]. Consequently, the primary-to-secondary
CM capacitance can be expressed as

CCM.single−core = Cwc//Cwc + Cww (1)

where Cww is the winding-to-winding capacitance.
The detailed method for calculating parasitic capacitance in

planar transformers is extensively covered in the literature [30].
The capacitance Cwc and Cww can be described as follows:

Cwc = f(ε0, εr.air, εr.FR4,W,T,H, lwc) (2)

Cww = f(ε0, εr.air, εr.FR4,W,T,H, lww) (3)

where ε0 is the vacuum permittivity, εr.air, εr.FR4 are the relative
permittivity of air and FR4, respectively, W is width of the
conductor, H is the distance between two conductors, T is the
thickness of the conductor, lwc and lww are the winding-to-core
and winding-to-winding lengths, respectively.

In practice, the significantly high permittivity of the core
material can result in a short circuit between the primary-side
Cwc and the secondary-side Cwc. Consequently, a specific core
cannot effectively contribute to CM capacitance reduction. The
conventional approach to reduce CM capacitance is to increase
the distance between the winding and the core. Luan et al. [31]
highlight that CM capacitance in a transformer with separated
insulated cores is lower than that in a transformer with asso-
ciated magnetic core. However, the core separation introduces
additional challenges [e.g., partial discharge (PD) within airgap
and more complex assembly fixture].

B. Core-Series-Coupling Planar Transformer

The schematic diagram of the CM capacitance model for the
proposed core-series-coupling planar transformer is shown in
Fig. 6. The equivalent capacitor is formed by connecting multi-
ple single-core capacitors in series, which can be represented as
follows:

CCM.series−core =
Cwc//(Cwc + 2Ccc) + Cww

Ncore
(4)

where Ccc is the core-to-core capacitance.
Therefore, the total MV-class CM voltage is evenly distributed

across the series cores due to their identical capacitances. As a
result, the voltage stress is not solely concentrated at the small
gap between the winding and a single core, as observed in the
conventional transformer.

C. Design Guidelines

To provide clear design guidelines for the core-series-
coupling planar transformer, the step-by-step process is as
follows.

Step 1: Determine Design Requirements: Begin by defin-
ing the input/output voltages, power rating, and switching fre-
quency. Use these parameters to calculate the transformer’s
required Area Product (AP).

Step 2: Select Magnetic Cores: The selection of magnetic
cores is influenced by the required AP value from Step 1 and the



YAN et al.: GDPS WITH LOW-CAPACITANCE-COUPLING AND CONSTANT OUTPUT VOLTAGE FOR MV SIC MOSFETS 8197

Fig. 6. Schematics of the CM capacitance model for the proposed core-
series-coupling planar transformer. (a) Parasitic capacitance network in physical
structure. (b) Elementary capacitance network. (c) Simplified series capacitance
network.

transformer’s size constraints. The isolated capacitance is also
important, as it depends on the spacing between the cores and
the windings.

Step 3: Optimize PCB Winding and Core Configuration: A
balance between the PCB winding trace width and the number of
cores is essential. Consider trace width for the rated current, and
ensure creepage distances meet insulation standards. Addition-
ally, larger winding-core distances reduce coupling capacitance.
As the number of series-coupling cores increases, the coupling
capacitance decreases, and the MV-class CM voltage is evenly
distributed across the cores.

Step 4: Calculate Capacitance and Simulate: Based on the
structure from Step 3, calculate the expected capacitance. For
more accurate results, import a simplified model into ANSYS
Q3D for preliminary simulations.

Step 5: Develop and Test the Prototype: Design the PCB lay-
out using Altium, then perform a detailed evaluation in ANSYS
Q3D. After completing the design, build the prototype and test
its performance. If it does not meet the requirements set in Step
1, revisit and adjust the previous steps accordingly.

D. Validations

The detailed specifications of the practical core-series-
coupling planar transformer are provided in Table I. Both the
primary and secondary windings consist of 12 turns connected
in series, while the middle winding comprises 4 turns arranged
in parallel.

To validate the above CM capacitance model, mathematical
calculations and finite-element method (FEM) simulations are

TABLE I
PARAMETERS OF THE CORE-SERIES-COUPLING PLANAR TRANSFORMER

Fig. 7. CM capacitance as a function of the number of cores, including the
calculated capacitance, the corresponding fitted curve, FEM-simulated capaci-
tance, and practical prototype.

conducted. Fig. 7 presents the CM capacitance versus the num-
ber of cores, including the calculated capacitance, the corre-
sponding fitted curve, FEM-simulated capacitance, and practical
prototype. Remarkably, it aligns well with the (4), demonstrating
that as the number of cores increases, the CM capacitance
decreases. Additionally, a practical dual-core transformer proto-
type is implemented with a capacitance of 0.42 pF, which closely
matches theoretical calculation and FEM simulation.

Fig. 8 illustrates the CM voltage distribution of the core-
series-coupling transformer per unit. Fig. 8(a) shows that the
MV-class voltage stress concentrates only at the small gap
between the winding and core in the conventional single-core
structure. In contrast, Fig. 8(b)–(d) reveals that as the number
of series cores increases, the total CM voltage is evenly dis-
tributed across the scalable series cores due to their identical
capacitances.

The number of cores in GDPS is determined by balancing
two key factors: reducing CM capacitance and maintaining an
acceptable power density. As the number of cores increases,
the CM capacitance decreases, which improves the isolation
performance. However, this also increases the overall volume
of the transformer, thereby reducing the power density.
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Fig. 8. Voltage distribution at the core-series-coupling transformer. (a) Single
core: Voltage difference ΔV = 1. (b) Dual core: ΔV = 0.5. (c) Triple core:
ΔV = 0.33. (d) Quadruple core: ΔV = 0.25.

In practical designs, the core-series-coupling technique
should be employed alongside other strategies, such as adjusting
the space between winding and core, to reduce CM capacitance
without significantly increasing the number of cores. This allows
for an optimized design that minimizes CM capacitance while
preserving power density.

IV. TIME-DOMAIN ANALYSIS OF THE OPEN-LOOP VOLTAGE

REGULATOR CIRCUIT

The scalable core-series-coupling planar transformer struc-
ture provides low CM coupling capacitance, easy manufac-
turing, and evenly distributed voltage. However, reducing the
CM capacitance of the transformer typically results in a cor-
responding decrease in the magnetic coupling factor, leading
to relatively large leakage inductance. As shown in Fig. 3, high
leakage inductance exacerbates the load-dependent voltage drop
in the conventional isolated converter, which poses challenges
to power-handling capability [20].

The common circuit models include both frequency-domain
and time-domain models. While the frequency-domain model
simplifies the system significantly to reduce computational
effort, the time-domain model enables quantitative analysis.
Therefore, in this section, an accurate time-domain modeling
of the open-loop voltage regulator circuit is presented.

A. Series-Resonant Converter

To mitigate the load-dependent voltage drop, the conventional
approach involves using a series-resonant converter. This con-
verter compensates for the leakage inductance by inserting a
series resonant capacitor, as depicted in Fig. 9. Consequently, the
converter can operate at an approximately fixed gain operation
point, ensuring that the output voltage remains independent of
the load power.

However, in the general model of series-resonant converters,
two key parameters related to GDPS are often omitted for the
sake of simplification in practical applications.

1) Transformer winding resistance rw: For typical kilowatt-
level power converters, the winding resistance is usually
just a few milliohms. However, in tens of watt-level GDPS,

Fig. 9. Schematics of series-resonant converter topology.

Fig. 10. Equivalent circuit of the series-resonant converter topology.

Fig. 11. Steady-state waveforms of the series-resonant converter.

the winding resistance increases to hundreds of milliohms,
which significantly impacts the performance.

2) Magnetizing inductance Lm: In typical resonant convert-
ers, the magnetizing inductance is often dozens of times
greater than that of the leakage inductor. However, in
GDPS transformers with low CM coupling capacitance,
the values of magnetizing and leakage inductors are in the
same order of magnitude.

B. Derivation of Circuit Equivalent Model

Taking into account the importance of transformer winding
resistance and magnetizing inductance, the time-domain anal-
ysis model is constructed. To achieve nearly constant voltage
gain, the series-resonant converter operates at the resonant fre-
quency, where the effects of leakage inductance are minimized.
The equivalent circuit and the associated steady-state operation
waveforms are illustrated in Figs. 10 and 11.

Based on Kirchhoff’s laws, the voltage equation during the
interval [0, Ts/2] can be expressed as

vrw + vLk + vCs = vp − vs (5)

where vrw, vLk, and vCs are the voltages across rw, Lk, and Cs,
respectively.
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The magnitudes of primary and secondary voltages at the
resonant tank, denoted as vp and vs are given by

|vp| = Vi, |vs| = Vs =
k

n

(
Vo

2
+ VF

)
(6)

where Vi, Vo, and VF represent the input voltage, output volt-
age, and forward voltage of the output diode, respectively. The
coupling coefficient is denoted as k and the turns ratio of the
isolation transformer is n.

Considering the voltage-current relations of the inductor and
capacitor, the following differential equation can be obtained:

LkCsuCs
′′ + CsrwuCs

′ + uCs = vp − vs. (7)

Solving this differential equation yields

uCs(t) = (Vi − Vs) + e−αt(E1 cosωt+ E2 sinωt) (8)

iLk(t) = iCs(t) = Cs · diCs(t)

dt

= [e−αt(E2ω cosωt− E1ω sinωt)

−αe−αt(E1 cosωt+ E2 sinωt)] · Cs (9)

whereE1 andE2 are undetermined coefficients. The coefficients
α and ω are defined as follows:

α =
rw
2Lk

, ω =

√
1

LkCs
− rw2

4Lk
2 =

2π

Ts
, rw ≤

√
4Lk

Cs
. (10)

As depicted in Fig. 11, the magnetizing current iLm can be
obtained

iLm(t) =

{
iLm(0) + Vs

Lm
t, t ∈ [0, Ts

2 )

iLm

(
Ts

2

)− Vs

Lm
t, t ∈ (Ts

2 , Ts]
(11)

where iLm(0) = −Vs · π/(2ωLm), iLm(Ts/2) = Vs ·
π/(2ωLm).

Furthermore, the initial current condition of resonant current,
iLk, can be determined

iLk(0) = iLm(0), iLk

(
Ts

2

)
= iLm

(
Ts

2

)
. (12)

By substituting t = 0 and t = Ts/2 into (8)

uCs(0) = Vi − Vs + E1, uCs

(
Ts

2

)
= Vi − Vs − e−α π

ω · E1.

(13)
The voltage relation, as shown in Fig. 11, is given by

uCs(0) + uCs

(
Ts

2

)
= Vi. (14)

Hence, the output voltage can be expressed based on (6), (13)
and (14)

Vo =
n

k
[Vi + E1(1− λ)]− 2VF (15)

where λ is equal to e−απ/ω.
The current relationship in the resonant tank is described by

iLk − iLm = iLs. (16)

TABLE II
EXPERIMENTAL PARAMETERS OF THE SERIES-RESONANT CONVERTER

During the time interval t � [0, Ts/2]

iLs =
n

k
iD1. (17)

Using the amp-second balance theory, the output current can
be calculated

Io = ID1 =

∫ Ts
2

0

iD1dt · f =

∫ Ts
2

0

k

n
(iLk − iLm)dt

· f = −kCsE1f(1 + λ)

n
(18)

where f is the switching frequency.
The output power can be computed as follows:

Po = Vo · Io. (19)

By substituting the output voltage from (15) and output cur-
rent from (18) into (19)

Po +
(nVi − 2kVF )Csf(1 + λ)

n
E1 + fCs(1− λ2)E1

2 = 0.

(20)
Next, the undetermined coefficient E1 can be solved by

quadratic formula

E1 = −nVi − 2kVF

2n(1− λ)
+

√
(nVi − 2kVF )

2

4n2(1− λ)2
− Po

fCs(1− λ2)
.

(21)
By substituting E1 from (21) into (15) and rearranging, the

voltage gain can be obtained

Vo

Vi
=

n

k
(1− nVi − 2kVF

2nVi

+

√
(nVi − 2kVF )

2

4n2Vi
2 − (1− λ)Po

(1 + λ)fCsVi
2 )−

2VF

Vi
(22)

where k and λ are key parameters rated to magnetizing induc-
tance and winding resistances

k =

√
Lm

Lk + Lm
, λ = e

− πrw
2ωLk . (23)

Therefore, the impact of the output power concerning the
voltage drop across different winding resistances can be assessed
by using the (22).

By incorporating the experimental parameters from Table II,
the output voltage characteristic versus output power at different
models is plotted in Fig. 12. Notably, the voltage drop caused
by winding resistance and the bias error resulting from the
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Fig. 12. Output power as a function of the output voltage at different models
(w/: with; w/o: without).

Fig. 13. Experimental prototype with 10 kV SiC MOSFET half-bridge power
module.

magnetizing inductance significantly impact the output voltage.
These effects cannot be ignored in GDPS modeling. While
Yang et al. [20] provide a detailed analysis of a resonant con-
verter model that includes winding resistance for kilowatt-level
applications, it neglects the magnetizing inductance, which is
insufficient for accurate modeling in GDPS applications. In
practical applications, precise evaluation of the voltage drop can
be achieved by considering the winding resistance during mod-
eling. Additionally, adjusting the PCB track width and copper
thickness allows designers to limit the open-loop output voltage
within a reasonable range. This approach overcomes challenges
related to high leakage inductance and power limitations without
sacrificing power density or increasing parasitic capacitance.

V. EXPERIMENTAL VERIFICATION AND COMPARISON

To validate the core-series-coupling planar transformer struc-
ture and open-loop voltage regulator circuit model, this article
demonstrates an MV SiC gate driver with a dual-core planar
transformer for 10 kV SiC MOSFET power module [32], as shown
in Fig. 13. PD testing, parasitic capacitance measurement, cir-
cuit performance qualification, along with DPT are conducted.

A. PD Testing

For testing the insulation capability of the dual-core trans-
former, PD measurements were conducted using a standard
50 Hz ac source. Following the IEC60270 standard, the PD

Fig. 14. Experimental PD test result.

Fig. 15. Measured and fitted impedance of the transformer.

Fig. 16. Comparison of output power as a function of output voltage for
calculation and experiment.

detector is employed to measure the PD signals, and the resulting
measurements are presented in Fig. 14.

The background noise in the lab is consistently below 1 pC.
The threshold for PD detection is set to 1 pC, and the partial-
discharge inception voltage (PDIV) is defined as the voltage at
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Fig. 17. Double pulse test. (a) Double-pulse-test setup circuit schematic. (b) Experimental setup.

which the discharge exceeds 10 pC. The experimental results
reveal the transformer achieves a PDIV of 11.5 kV.

B. Parasitic Capacitance Measurement

The parasitic CM capacitance of the dual-core transformer is
measured using the E4990A Impedance Analyzer from Keysight
Technologies, along with an adaptor (model 16047). The cor-
responding bode plot of the measured impedance is depicted in
Fig. 15. Based on the measured impedance data, the equivalent
fitted impedance closely resembles a capacitor with a value of
0.42 pF. The measured capacitance is lower than the calculated
and FEM-simulated results shown in Fig. 7. This discrepancy,
approximately 50%, is primarily due to machining tolerances
during manufacturing, variations in material properties, and lim-
itations in measurement accuracy. Despite efforts to minimize
these sources of error, slight differences in capacitance, partic-
ularly at such small values, are inevitable. The relative error
is magnified in this case due to the small absolute capacitance
values.

The measured total capacitance of the gate driver, which
includes the dual-core transformer and the associated 10 kV
SiC driver circuit, is 0.9 pF.

C. Circuit Performance Qualification

The open-loop voltage regulator circuit accurately assesses
the voltage drop across different output loads. Designers can
reasonably adjust the PCB track width and copper thickness to
keep the output voltage within the rated range without the need
for closed-loop control.

Fig. 16 compares the theoretical and experimental output
voltage characteristics as a function of output power. Due to
component tolerances, the measured voltage is slightly lower
than the theoretical prediction, but it remains well within a 5%
error margin. Furthermore, theoretical calculations indicate that
even with a 5% variation in component parameters, the system
maintains a stable output voltage, demonstrating the robustness
of the proposed GDPS.

D. Double Pulse Test

A comprehensive feasibility verification of the demonstrated
MV SiC gate driver through a 6 kV/30 A DPT using a 10 kV
SiC MOSFET power module is conducted [32]. Fig. 17 provides
the schematic of the DPT setup circuit and the experimental
configuration.

The gate-source voltage vgs, drain-source voltage vds, load
current iload, drain current id, and CM current icm are measured
and presented in Fig. 18. During the turn-OFF transient, the dv/dt
switching speed is 133.9 V/ns, while during turn-ON transient,
the dv/dt switching speed is 111.6 V/ns. The experimental results
demonstrate that the gate driver performs well even under these
high switching speed conditions. Based on the equation icm =
Ccmdv/dt, the CM capacitance can be calculated by integrating
the CM current icm and dividing by the voltage. The calculated
capacitance value is 1.6 pF, which is higher than the measured
value of 0.9 pF for the gate driver. This difference is likely due to
parasitic capacitances from the connection between the power
module and the gate driver, additional cable capacitances, and
the limitations in the accuracy of the current probe.

E. Continuous Switching Test

The circuit schematic of the continuous switching test is
shown in Fig. 19(a). A 10 mH load inductor is connected between
the OUT terminal of the power module and the midpoint of
the dc-link capacitors. The modulation schematic, depicted in
Fig. 19(b), illustrates that the high-side and low-side MOSFETs
are operated alternately with a 50% duty cycle at a switching
frequency of 10 kHz. The output voltage vout, load current iload,
DC+ current idc+, DC- current idc-, and CM current icm are
captured and presented in Fig. 19(c). The continuous switching
test further demonstrates the feasibility of the proposed gate
driver.

F. Comparison

Table III presents a comparison between the state-of-the-art
MV gate driver and the proposed gate driver. Key parameters
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Fig. 18. Experimental DPT waveforms at 6 kV/30 A.

TABLE III
COMPARISON BETWEEN THE STATE-OF-THE-ART MV GATE DRIVER AND THE PROPOSED GATE DRIVER
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Fig. 19. Continuous switching test. (a) Circuit schematic. (b) Modulation
schematic. (c) Experimental waveforms.

such as circuit topology, transformer capacitance, fully assem-
bled driver capacitance, isolation voltage, power level, size, and
design complexity are evaluated.

VI. CONCLUSION

In this article, a GDPS solution for MV SiC-based power
electronics converter systems is presented. The key contributions
include: 1) The core-series-coupling planar transformer satisfies
isolation requirements while reducing coupling capacitance.
This design eliminates the need of inconvenient wire winding
procedures. 2) The open-loop voltage regulator circuit enables
designers can reasonably adjust circuit parameters, ensuring a
constant output voltage.

Additionally, this article provides the capacitance model for
the scalable core-series-coupling transformer structure and a
detailed time-domain model for the open-loop voltage regulator
circuit. To validate our approach, an MV SiC gate driver with
dual-core planar transformer for 10 kV SiC MOSFET power mod-
ule is built. The corresponding PD testing, parasitic capacitance
measurement, circuit performance qualification are conducted.
The 6 kV/30 A DPT shows the demonstrated gate driver contin-
ues to perform well until the switching speeds reach 133.9 V/ns
during turn-OFF and 111.6 V/ns during turn-ON transients.
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