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In this paper, a gate driver supply, which supplies power to multiple gate drivers, is demonstrated. Robust isolation

is required in the gate drive supplies of a medium-voltage inverter in order to drive high-voltage switching devices

such as insulated-gate bipolar transistors. The proposed isolation system achieves isolation with transmission coils

mounted on printed circuit boards. Furthermore, the isolation system transmits power from one transmitting board

to six receiving boards. In the conventional system, the number of receivers is limited to one. In contrast, multiple

receivers are acceptable in the proposed system. These characteristics help reduce the of the isolation system for the

gate driver supplies.

This paper presents the fundamental characteristics of the isolation system. The equivalent circuit of the proposed

system can be derived by applying the equivalent circuit of a wireless power transfer system with a repeater coil. In

addtion, a design method for the resonance capacitors is mathematically introduced using the equivalent circuit. It is

verified that an isolation system with multiple receivers can be designed using the same resonance conditions as an

isolation system with a single receiver.

Moreover, the isolation system is experimentally demonstrated. It is confirmed that the isolation system transmits

power with a maximum efficiency of 46.9% at an output power of 16.6 W beyond an air gap of 50 mm with only printed

circuit boards.
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1. Introduction

In recent years, the system voltage of a three-phase

medium-voltage inverter for industrial applications has risen

to 3.3 kV or 6.6 kV (1)–(5). In a medium-voltage inverter, gal-

vanic isolation is required at each gate driver supply. The

standards of isolation, which are published by the Interna-

tional Electrotechnical Commission (IEC), are well-known

safety regulations. For example, the safety standards of the

IEC require a minimum clearance of 14 mm and a creep-

age distance of 81 mm under the following conditions: the

working voltage of the inverter is 8.0 kV, and the compara-

tive tracking index (CTI) is 100 ≤ CTI < 400 with a pollu-

tion degree of 2 (6). In general, isolation transformers with

cores are commonly used for isolation. However, they cause

an increase in cost because isolation transformers are typi-

cally custom built. In addition, the isolation transformer is

large in order to obtain a high isolation voltage. For example,
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the typical dimensions of the isolation transformer, which

has an isolation voltage of 20 kVrms for 10 s, are 200 mm ×

200 mm × 200 mm at a weight of approximately 5.5 kg (7).

These transformers must be placed at each of the gate driver

supplies.

In order to achieve the cost reduction and downsizing of the

isolation system, a single-chip DC-isolated gate drive inte-

grated circuit (IC) has been proposed (8)–(10). It supplies power

using a microwave from the bottom layer of a sapphire sub-

strate to the top layer. In this method, the sapphire substrate

assumes galvanic isolation. It can significantly downsize the

isolation system. However, it does not satisfy the safety stan-

dards of the medium-voltage inverter because the creepage

distance is not enough.

In (11), galvanic isolation is assumed by an optical fiber.

The power for a gate drive is supplied through an optical fiber.

However, the transmitted power is limited to 100 mW per one

fiber.

Meanwhile, J.W. Kolar et al. have proposed an isolation

system using printed circuit boards (PCBs) (12). It achieves

galvanic isolation with a coreless transformer. However, one

transmitting side transmits power to only one receiving side

one-by-one (1×1) in this system. Thus, isolation systems are

also required at each gate driver supply. Therefore a number

of isolation systems are required in order to supply power.

This prevents the downsizing of isolation systems.
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In this paper, the galvanic isolation system with multiple

receivers is demonstrated and analyzed based on an equiva-

lent circuit. The isolation system transmits power from one

transmitting board to six receiving boards (1 × 6) beyond an

air gap of 50 mm. The isolation system contributes to the cost

reduction and downsizing of the isolation system. Moreover,

the isolation with an air gap of 50-mm easily meets the stan-

dards for clearance and creepage distance when the system

voltage of the inverter is 6.6 kV. Moreover, the 50 mm air gap

decreases the common-mode current, which is induced by the

high-dv/dt switching of a medium-voltage inverter.

This paper first describes the system configuration of the

proposed isolation system. Secondly, the equivalent circuit

of the wireless power transfer system with multiple PCBs is

introduced. The validity of the equivalent circuit model is

evaluated by comparing the F-matrix of the wireless power

transfer system between the three-dimensional (3-D) electro-

magnetic analysis and the equivalent circuit model. Then, the

evaluation of the equivalent circuit and the design method of

resonance capacitors for efficient wireless power transfer are

mathematically clarified. Finally, the experimental results are

presented.

2. Proposed Isolation System

2.1 System Configuration Figure 1 shows the con-

cept of the proposed isolation system for a medium-voltage

inverter. The isolation system consists of one transmitting

board and six receiving boards. The power consumption in

the gate drivers is supplied through the isolation system from

a low-voltage power supply of 24 V in a medium-voltage in-

verter.

Incidentally, a wireless power transfer system with a high

quality factor Q of the transmission coils has been studied

in recent years (13)–(17). Wireless power transfer systems use

resonance in order to compensate for leakage inductance be-

cause weak magnetic coupling causes a large leakage induc-

tance (14). Common techniques are used in the proposed sys-

tem. In the conventional system, the transformer with a core

prevents the cost reduction and downsizing of the isolation

system. In contrast, the isolation system is constructed us-

ing only PCBs in this system. The PCBs can be manufac-

tured easily and inexpensively in comparison with the trans-

former. This configuration contributes to a weight saving of

the isolation system. The total weight of the isolation system

for six gate drivers is approximately 890 g.

In the isolation system, a transmission frequency of

2.0 MHz is used because a high-frequency transmission is re-

quired in order to decrease the required inductance for res-

onance. Moreover, the operation at a high frequency above

2 MHz limits the selection of MOSFETs.

Figure 2 shows the positional relationship of the transmit-

ting board and the receiving boards. The maximum size of

the system is constrained up to 300 mm × 150 mm × 150 mm

due to the space limitations of the medium-voltage inverter.

The receiving boards are placed at the top and bottom of

the transmitting board. Each distance between the receiving

boards and the transmitting board is kept at a minimum of

50 mm for the galvanic isolation. It contributes a robust gal-

vanic isolation and a low common-mode current through par-

asitic capacitances. It is enough to fulfill the safety standards

Fig. 1. Concept of the proposed isolation system

Fig. 2. Placement of the transmitting board and receiv-
ing boards. Each board is placed across an air gap of
50 mm

of the IEC (6) when the output voltage of the medium-voltage

inverter is 6.6 kV. Note that an air gap of 50 mm contains a

sufficient margin towards productization.

The number of receiving boards can be increased by ex-

panding the transmission board. However, the expansion of

the transmission board causes an increase of the equivalent

series resistance of the transmission coil. It will decrease

transmission efficiency. Besides, the greatest common de-

nominator of the number of switches for three-phase inverters

is six. Thus, six receiving boards are placed in this paper.

Figures 3 and 4 show the shapes of the transmitting coils

and receiving coils, respectively. Transmitting board #0 con-

sists of a high-frequency inverter, a series resonance capaci-

tor, and a transmitting coil for a wireless power transfer sys-

tem. The inverter is operated by a square wave operation with

an output frequency of 2 MHz. On the other hand, receiving

boards #1–6 consist of receiving coils, series resonance ca-

pacitors, and diode bridge rectifiers. The thickness of the

copper film for both boards is 175 µm.

2.2 Evaluation of Parasitic Capacitance In this sec-

tion, the parasitic capacitance between the transmitting board

and the receiving boards is evaluated. The parasitic ca-

pacitances between the transmitting board and the receiv-

ing boards should be suppressed because parasitic capaci-

tances reduce the isolation performance. The parasitic capac-

itances among the boards correspond to the capacitance be-

tween a primary winding and a secondary winding in a con-

ventional isolation system with a transformer. In particular,
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(a) Component side.

(b) Solder side.

Fig. 3. Schematics of the transmitting board

(a) Component side. (b) Solder side.

Fig. 4. Schematics of the receiving board

since the silicon carbide (SiC) MOSFETs have begun to be

used in place of conventional Si-IGBT, suppression of the

parasitic capacitance is important. A SiC-MOSFET will im-

prove the efficiency of medium-voltage inverter because a

SiC-MOSFET greatly improves the switching speed due to

its high electronic mobility (18) (19). Thus, a large common-

mode current caused by high dv/dt flows into the control cir-

cuit through the parasitic capacitance between the windings.

The suppression of the parasitic capacitances is strongly re-

quired.

However, it is difficult to calculate the exact parasitic

capacitance because the shapes of the conductors on the

transmitting board and the receiving board are complicated.

The measurement of the parasitic capacitances between the

boards is also difficult since the parasitic capacitances are

very small. Thus, the parasitic capacitance is analyzed by

an electromagnetic analysis (Agilent, ADS) under the worst-

case assumptions that both the transmitting board and the re-

ceiving board are covered with copper. The electromagnetic

analysis shows that the parasitic capacitances between the

transmitting board and the receiving boards with an air-gap

of 50 mm are less than 4.4 pF. This shows that the proposed

isolation system decreases the parasitic capacitance in com-

parison with the conventional isolation system with a trans-

former (20) (21).

3. Analysis of Proposed Isolation System

In this section, this paper first presents the equivalent cir-

cuit of the multiple wireless power transfer system because

the equivalent circuit is required in order to design the reso-

nance capacitance to compensate for the leakage inductance.

The validity of the equivalent circuit model is clarified by

a comparison of the F-matrix between the equivalent circuit

model and a 3-D electromagnetic analysis. According to the

equivalent circuit, resonance capacitors that compensate for

the leakage inductance are selected. It is shown that the res-

onance conditions are likewise given for the isolation system

with one receiver.

3.1 Derivation of Equivalent Circuit The proposed

system supplies power using a weak magnetic coupling from

the transmitting coil to the each receiving coils. For this rea-

son, a power factor from the view point of the output of the

inverter is extremely low. In order to compensate the leak-

age inductance using resonances, series or parallel capaci-

tors are commonly used in the research field about a wireless

power transfer (14). In this system, series-series compensation

method is used. The resonance capacitors (C0–6) are inserted

in a series to the each coil. These resonance capacitors should

be selected in order to cancel out a reactance from the view

point of the output of the inverter. It means that the output

power factor of the inverter should be unity.

Figure 5 shows the equivalent circuit of the isolation sys-

tem where Lle0–6 are the leakage-inductances, Lm1–6 are the

magnetizing inductances, ki j is the coupling coefficient be-

tween boards #i and # j, N0–6 are the numbers of turns, r0–6

are the equivalent series resistances, and a is the turn ratio de-

fined as N1–6/N0. The method of the derivation of the equiv-

alent circuit is described in the next paragraph. The magnetic

coupling among the receiving coils can be ignored because

the magnetic coupling between the receiving coils, which are

placed in side by side such as the boards #1 and #2, is ap-

proximately k12 = 0.005. The magnetic coupling between the

coils #1 and #2 is three times smaller than the magnetic cou-

pling between the coils #0 and #1.

Figures 6(a) and (b) show a schematic and the equiva-

lent circuit of a wireless power transfer system with repeater

coil (22), respectively, where LA–C are the self-inductances of

each coil. The equivalent circuit of the proposed system

shown in Fig. 5 is derived by applying the equivalent circuit

of the repeater coil in (22)–(23). The repeater coil was in-

vented in order to extend the transmission distance (22) (23). In

the wireless power transfer system with a repeater coil, the

power supply, which has the inner impedance Z01, is con-

nected to the coil A. The power is supplied to the coil C

through the coil B because the coil B is magnetically cou-

pled to both the coil A and coil B.

Figures 6(c) and (d) show the schematic and the equiva-

lent circuit of a wireless power transfer system with multi-

ple receivers, respectively. By interchanging the connection

of the power supply from coil A to coil B in Fig. 6(b), the

equivalent circuit of the wireless power transfer system with
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Fig. 5. Equivalent circuit of the proposed isolation sys-
tem without converters

(a) Wireless power transfer system with repeating coil.

(b) Equivalent circuit of a repeating coil without cross coupling

between the coil A and coil C.

(c) Wireless power transfer system with multiple receivers.

(d) Equivalent circuit of a multiple wireless power transfer sys-

tem without cross coupling between coil A and coil C.

Fig. 6. Equivalent circuit of the wireless power trans-
fer system with a repeater coil (22) and the wireless power
transfer system with multiple receivers

multiple receivers is introduced. Because the difference of

the wireless power transfer system with a repeating coil and

the multiple receivers are only the connection of the power

supply. Thus the equivalent circuit of a wireless power trans-

fer system with multiple receivers is shown in Fig. 6(d). It

is notable that the magnetizing inductances LAB and LBC are

connected in series to the power supply VB with the inner

impedance of Z02 in the wireless power transfer system with

multiple receivers.

Since the magnetizing inductances are connected in series,

the equivalent circuit of the proposed system shown in Fig. 5

is determined. The coil B in Fig. 6(d) corresponds to the

transmitting coil #0. The coils A and B correspond to the

receiving coils #1-6. The power is transmitted from the trans-

mitting coil to the six receiving coils with the magnetizing in-

ductances, which is connected in series from the view point

Fig. 7. Definitions of the F-parameter in the isolation
system

Fig. 8. F-matrix between the transmitting board #0 and
receiving board #1

of vinv as shown in Fig. 5.

3.2 Evaluation of the Equivalent Circuit In order

to evaluate the validity of the equivalent circuit, the F-matrix

(ABCD-matrix) of the frequency characteristics (which is de-

fined by Eq. (1)) analyzed by 3-D electromagnetic analysis

(Agilent, Momentum) is compared with the F-matrix calcu-

lated by the equivalent circuit. The F-matrix shows the rela-

tionship of a system between the input port i and output port

j based on voltage and current. The suffixes i and j indicate

the number of PCBs (i, j = 0, 1, · · · , 6). For simplicity, the F-

parameter from one board #i to another board # j is indicated

as F(i, j).

(

V̇i

İi

)

= F (i, j)

(

V̇ j

İ j

)

=

(

Ai j Bi j

Ci j Di j

) (

V̇ j

İ j

)

· · · · · · · · · · · · · · (1)

Figure 7 shows the definitions of the F-parameters in the

proposed system. In this evaluation, only the characteristics

of the coils are evaluated. Thus, the ideal power supply with

resistances of 50Ω for the inner impedance is connected in-

stead of the converters. The inner impedance is necessary

because the F-parameters are calculated from the analysis re-

sults of the scattering parameter (S-parameter) by a simulator.

Moreover, the resonance capacitors are omitted because the

evaluation of the equivalent circuit of the transmission coils

is the main purpose of this section.

Figure 8 shows each of the F-parameters between the trans-

mitting board and receiving board #1. The solid line shows

the F-parameter analyzed from 3-D electromagnetic analy-

sis. The dashed-dotted line shows the F-parameter calcu-

lated from the equivalent circuit. The dotted line shows

209 IEEJ Journal IA, Vol.5, No.3, 2016



Isolation System for Gate Drivers of Medium-voltage Inverter（Keisuke Kusaka et al.）

İinv =
V̇inv

∆

{

(

r′1 + R′1
)

+ j

(

ωL′le1 + ωLm1 −
1

ωC′
1

)} {

(

r′2 + R′2
)

+ j

(

ωL′le2 + ωLm2 −
1

ωC′
2

)}

· · ·

{

(

r′6 + R′6

)

+ j

(

ωL′le6 + ωLm6 −
1

ωC′
6

)}

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (3)
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the F-parameter calculated from the equivalent circuit with

correction coefficients, which are mentioned later. The F-

parameter with the 3-D electromagnetic analysis has a self-

resonance at a frequency of approximately 7 MHz. However,

the equivalent circuit model does not consider self-resonance

because the self-resonance frequency is far from the operat-

ing frequency. This is one of the reasons for the error between

3 MHz and 10 MHz.

Moreover, the F-parameter with the equivalent circuit has

offsets of approximately 10 dB between 100 kHz and 3 MHz.

The reason for the error is the difference between the numbers

of the actual windings and effective windings. This means

that a portion of the windings is not effective to induce the

voltage. This is a specific problem when a transmitting coil

is placed on PCBs. The difference can be corrected using a

correction coefficient α. The corrected turn-ratio a′ of the

transformer is represented as Eq. (2) using the correction co-

efficient α.

a′ = α
N1

N2

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (2)

The dotted line shows the F-parameter with the equivalent

circuit considering the correction coefficient in Fig. 8. The

correction coefficients, which are derived by trial and error,

are α1–6 = 2.26, 2.28, 2.27, 2.26, 2.28, and 2.27, respectively,

in the prototype. The role of the correction coefficients α is

to compensate the difference between the actual number of

turns and the effective number of turns. Induced voltages at

coils are not proportional to the actual number of turns be-

cause the radii of the receiving coils are not constant when a

spiral coil is used. Thus a magnetic flux partially interlinks

across the receiving coils. It is specific characteristic when a

spiral coil without magnetic core is used. For this reason, the

correction coefficients are necessary in a time-domain analy-

sis in order to analyze the circuit performance.

The F-parameter of the equivalent circuit considering the

correction coefficient shows agreement with one of the elec-

tromagnetic analyses between 100 kHz and 3 MHz.

3.3 Design of Resonance Capacitors Figure 9 shows

the equivalent circuit of the proposed system with the con-

verters. In the following calculation, the rectifiers are as-

sumed as load resistances R1–6 for simplicity. The resonance

capacitors are designed to cancel out the reactance owing to

the leakage inductance. From the equivalent circuit, the out-

put current of the inverter is expressed as Eq. (3), where ∆ is

Fig. 9. Equivalent circuit with the power converters

Eq. (4). The prime parameters are the parameters referring to

the primary side.

In order to correct the load power factor, the reactance of

the Eq. (3) has to be zero. Thus, the resonance conditions

are derived as Eqs. (5) and (6), where ω = 2π f is the output

angular frequency of the power supply, and L0–6 are the self-

inductances of the coils. Equations (5) and (6) indicate that

the resonance capacitors should be selected to resonate with

each self-inductance because the sum of the resonance leak-

age inductance and the magnetizing inductances is equal to

each self-inductance. This means that the resonance condi-

tions of the isolation system with multiple receivers are the

same as those of the isolation system with one receiver.

C0 =
1

ω2 (Lle0 + Lm1 + Lm2 + · · · + Lm6)
=

1

ω2L0

· · · · · · · · · · · · · · · · · · · · (5)

C′1–6 =
1

ω2
(

L′
le1−6
+ Lm1–6

) =
1

ω2L′
1–6

· · · · · · · · · · · · (6)

The output current of the inverter is developed with the res-

onance conditions as Eq. (7) and Eq. (8), which clearly show

that the unity input power factor of the load is achieved by

the resonance.

İinv (ω=ωre)=
V̇inv

∆ (ω=ωre)

(

r′1+R′1
) (

r′2+R′2
)

· · ·
(

r′6+R′6

)

· · · · · · · · · · · · · · · · · · · · (7)
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Fig. 10. Vector diagram of the proposed isolation sys-
tem under the resonance conditions

∆ (ω = ωre) = r0

(

r′
1
+ R′

1

) (

r′
2
+ R′

2

)

· · ·
(

r′
6
+ R′

6

)

+ω2L2
m1

(

r′
2
+ R′

2

) (

r′
3
+ R′

3

)

· · ·
(

r′
6
+ R′

6

)

+ω2L2
m2

(

r′
1
+ R′

1

) (

r′
3
+ R′

3

)

· · ·
(

r′
6
+ R′

6

)

...

+ω2L2
m6

(

r′
1
+ R′

1

) (

r′
2
+ R′

2

)

· · ·
(

r′
4
+ R′

4

) (

r′
5
+ R′

5

)

· · · · · · · · · · · · · · · · · · · · (8)

If all of the parameters on the receiving boards and the cou-

pling coefficients are the same, the inverter output current,

which is provided by Eq. (3), can be simplified as

İinv =
V̇inv

∆

{

(

r′1 + R′1
)

+ j

(

ωL′le1 + ωLm1 −
1

ωC′
1

)}6

· · · · · · · · · · · · · · · · · · · · (9)

where ∆ is

∆ =

{

r0 + j

(

ωLle0 + 6ωLm1 −
1

ωC0

)} {

(

r′1 + R′
)

+ j

(

ωL′le1 + ωLm1 −
1

ωC′
1

)}6

+ 6ω2L2
m

{

(

r′1 + R′
)

+ j

(

ωL′le1 + ωLm1 −
1

ωC′
1

)}5

· · · · · · · · · · · · · · · · · · · (10)

Figure 10 shows the vector diagram under the resonance

conditions. For simplicity, all of the parameters on the re-

ceiving sides (including the load resistance) are assumed to

be the same among the receiving boards. Moreover, the fun-

damental components are only considered here. The output

voltages Vin1–6 is expressed by Eq. (11) when all of the pa-

rameters on the receiving boards and coupling coefficients

are the same. Note that it is effective only when the AC re-

sistance loads are connected to the transmitting coil directly,

not the rectifiers.

V̇in1–6 (ω=ωre)=
jωLm1R′

1

(

r′
1
+R′
)5

r0

(

r′
1
+R′

1

)6
+6ω2L2

m1

(

r′
1
+R′

1

)5
V̇inv

· · · · · · · · · · · · · · · · · · · (11)

4. Experimental Verifications

4.1 System Setup of the Prototype Figure 11 shows

a photograph of the isolation system prototype. The trans-

mitting board, which is shown in Fig. 3, and the receiving

Fig. 11. Prototype of the isolation system

Table 1. Specifications of the prototype

Fig. 12. Operation waveforms of the proposed system
with resistance loads of 38Ω

boards, which are shown in Fig. 4, are placed as shown in

Fig. 2. The chassis is made from acrylic except for clinchers

because eddy current losses should be suppressed.

Table 1 shows the specifications of the prototype. The lam-

inated ceramic capacitors for resonance are selected to satisfy

the resonance conditions shown as Eqs. (5) and (6). Note that

the coupling coefficients between the boards are simulated

values because it is difficult to measure the coupling coeffi-

cient accurately.

4.2 Fundamental Characteristics Figure 12 repre-

sents the operation waveforms of the proposed isolation sys-

tem. Note that the resistances of 38Ω are connected at the

outputs of the system instead of the gate drivers for simplic-

ity. The inverter is operated at a frequency of 2.0 MHz. The

DC voltages are obtained as the outputs of receiving board
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Fig. 13. Output voltage characteristic of the proposed
isolation system. The output voltage increases with an
increase in load resistance

Fig. 14. Output power characteristic of the proposed
isolation system

#1. The other boards obtained DC voltages, similarly. In the-

ory, the input voltage of vin1–6 is 90 degrees phase lead to the

inverter output voltage vinv according to Eq. (11). However

the phase difference between these voltages is smaller than

theoretical calculation. It is caused by the error between the

resonance frequency of each board and the transmission fre-

quency because the ceramic capacitors have large tolerances

on capacitances. In order to overcome this problem, high-

accuracy capacitors with low temperature coefficient should

be used.

Figures 13 and 14 show the output voltage and output

power characteristic of the proposed isolation system. Each

output voltage increases gradually with an increase in load

resistance.

The output voltages of the receiving boards #2 and #5 are

higher than the others because the coupling coefficients are

approximately twice the values of the others. The different

coupling coefficients are caused by the positional relationship

of the receiving boards. For this reason, the output power is

also different with each board. Because the output voltage

depends on the load, voltage regulators are necessary in the

gate drive circuits.

At light load, the output voltage is too low to drive the volt-

age regulators. Thus, it is necessary to consume power above

a certain level in the gate drive circuit.

Figure 15 represents the measured total efficiency of the

proposed system. The total efficiency is defined by Eq. (12),

where Pin is the input DC power of the isolation system. The

total efficiency is the ratio of the input power and the sum

of the output power for all of the receiving boards. Note that

the same resistance loads are connected to all of the receiving

boards as a load.

Fig. 15. Measured efficiency characteristic of the pro-
posed system. The same resistance loads are connected
to all of the receiving boards as loads

Fig. 16. Experimental setup with gate drivers

η =

∑

n=1,2,···,6

Pout(n)

Pin

× 100 · · · · · · · · · · · · · · · · · · · · · · · (12)

The maximum efficiency is 46.9% at an output power of

16.6 W. In the isolation system for a medium-voltage inverter,

low efficiency can be acceptable because the power loss in

the isolation system is considerably smaller than the rated

power of a medium-voltage inverter (i.e., 1 MW). Thus, the

isolation system is designed to give priority to the isolation

performance over the efficiency.

4.3 Operation with Gate Drivers In this subsection,

the prototype with the gate drivers is tested.

Figure 16 shows the experimental setup for the experi-

ments of the proposed isolation system with the gate drivers.

The gate drivers (which are operated at a switching frequency

of 10 kHz at gate-emitter voltages of ±15 V) and the IGBTs

(Cge = 1800 pF) are connected as a load. Note that DC/DC

converters are connected as voltage regulators at the front end

of the gate drivers. The DC/DC converters output voltages

of ±15 V. Moreover, photocouplers are used in order to drive

the IGBTs despite the deficient isolation distance because the

isolation of the PWM signal is not a main topic of this paper.

Figure 17 shows the operation waveforms with the IGBTs.

Even if the gate drivers and IGBTs are connected as a load,

the operation system achieves wireless power transfer beyond

an air gap of 50 mm.

From the experimental results, it is confirmed that the

proposed system can be used as an isolation system for a

medium-voltage inverter.

5. Conclusion

A conventional galvanic isolation system for a gate driver
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(a) Gate-emitter voltage with proposed isolation system.

(b) Expanded operation waveforms of (a).

Fig. 17. Operation waveforms of the proposed isolation
system with the gate drivers

supply with PCBs has been developed. However, the cost

reduction of the conventional system is limited because the

transmitting side transmits power to only one receiver.

In this paper, the equivalent circuit of the multiple gate

driver supplies using PCBs and resonant conditions were

discussed for when the number of receivers increases from

one to multiple. The isolation system transmits power from

one transmitting board to six receiving boards. Due to this

characteristic, the cost of the gate driver supplies can be de-

creased.

Firstly, an equivalent circuit model was derived and evalu-

ated based on the equivalent circuit of the repeating coil sys-

tem. It was confirmed that the F-parameters of the equiv-

alent circuit, which has six magnetizing inductance in series

in the transmitting side, shows good agreement with the anal-

ysis results of 3-D electromagnetic analysis. The resonance

conditions are derived based on the introduced equivalent cir-

cuit. Then, the isolation system was experimentally demon-

strated. Finally, the experimental results showed that the pro-

totype transmits power beyond an air gap of 50 mm using

resonance. Moreover, the isolation system achieves a maxi-

mum efficiency from an input DC to output DC of 46.9% at

a summed output power of 16.6 W.
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