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Power electronics laboratory A POWER Lab.
Nagaoka University of Technology

Y Objectives

- Efficiency improvement & size reduction
of all kinds of power sources.

Y Research Subjects
Four directions of energy conversion

AC to DG - Circuit topologies and control
— .
technique

- Optimization of the circuit design
- Development of directional
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Field of our research A POWER Lab.
Nagaoka University of Technology
EE

-Matrix converter for wind turbines

. . -PV inverter, Micro inverter
{ Grid connected inverter J

Power decoupling -Multi-level converter
Three Ph. D students ~ PFC("Active buffer) etc.
- Motor drive(IM, PMSM)
[ Theme ]_{ Motor ] - Motor design(PM)
Three Ph. D students - Parameter identification method
- Flywheel energy storage system
etc.
_ — - PCB implementation techniques
High switching frequency | . Applications of SiC and GaN
converter - DC-DC converter

Three Ph. D students - Bate drive circuit
- Wireless power transfer

Today’s contents - Pulse density modulation etc.

B 000
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High switching frequency power conversion A POWER Lab.
—

Y Key technology [ High switching frequency ]
m Fundamental technologies

» DC bus bar analysis in printed circuit boards (PCBS)
» High speed & Low power consumption gate drivers

m Applications / Today’s contents

» Wireless power transfer for gate drive supplies \

of a medium-voltage inverter
High power density PWM Inverter with wide band-gap devices

Frequency multiplying circuit for MHz output frequency

Wireless charger for electric assisted bicycle using EDLCs
Wireless power transfer with a Rail system

Several-Hundred-kHz Single-phase to Commercial Frequency
Three-phase Matrix Converter

vy VY Vv (v ¥
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Multiple gate drive supplies of a medium voltage invertert;% :jo""_E:y‘“Labo
_ gaoka Univers Technology

m Conventional : Special isolated transformers are used —— —
Problems %%
- High cost and bulky due to custom designs 7

- Reduction of parasitic capacitances is difficult  primary Secondary
Insulation air-gap: 50 mm

............

® Proposed method e z;lvm
: : T |
Multiple wireless power transfer D Eb.nlﬂﬂcMV Inv.
with transmission coils on PCBs G i
for multiple gate driver supplies ﬁ%%_@ DL 2 [oH
sw— z E> #3 -:.3
Dl f=2MHz g I—x
Only PCBs are used SN o e
without solid magnetic cores Transmission  Receiver
board boards
/ 7 : : (6ch)
Cost reduction & Downsizing of the isolation system
T
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System configuration of wireless multiple power transferé_ POWER Lab.

_ Nagaoka University of Technology
Substrate spacing: 50 mm ‘Transmission board #0
» Clearance and creepage distance  : » High frequency INV (2MHz)
are secured : » Series resonance capacitor C,
. . Eam— "o i » Transmission coll
S1 Slz‘zi
86 A o
| [EEN
48V__ L s, s, Vian l_l E, g
= E
_ fsw =2 MHz
44
| Controller |
e 300mm
Recelver boards #1~#6
» Diode bridge rectifier E| |z Q,ZS ZS__
» Series resonance capacitor C; 'TV'“;S ZS—_
» Receiver coll
60 mm
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Experimental results (Operation with gate drivers) A  POWER Lab.

48V fy =2.18 MHz

_ . +15V
Transm%ng board |:> @clzg zg_’_f DC L
.y st :|/DC| G -
15 S, 5 CETOPF D by BOV] 6L 33nF
—
T %@ |2 eouz

e = IS e

B Bk

AA Nagaoka University of Technology

m Gate drivers are connected
W Capacitors are connected
assuming IGBTs

Operation waveforms

Inverter output voltage
(Transmitting board)
Vi, D0 [V/div]
Input voltage
(Receiving board #1)
Viny 25 [V/div]

Output voltage
(Receiving board #1)
Vourr 10 [V/diV]
Gate-emitter voltage

S R PPN

RS T TR RN PR P PP I R R T LRI "

Vog: 50 [V/div]

(Receiving board #1)
Vggy 20 [V/div]

1kHZ, +15V

500 [US/dIV] 200 [ns/div]

A switching operation on all of receiver boards is confirmed




GaN-FET Inverter & EMC filter é‘_ POWER Lab.

Nagaoka University of Technology

|
S idgt-0)
Grid | aN-FET aN-FET}: \1otor
: EMC filter pwM PWM =
oo Rectifier '_Q_V..e_r?_eEAdva”tage Dy ]
GaN-FET Inverter 9 Fast switching
Motor drive system using GaN-FET
Lp
T Thsd GaN-FET inverter
Yt —o Yo ® Use a PWM rectifier
™™ m) Sinusoidal input current
! ~
Cx=F Cy _ o
" i E)/\ 7 ] ® High frequency switching
OWNSIZINY J | mp Reduce the ripple current
Single stage EMC filter '

Miniaturize the EMC filter by using high frequency carrier

|
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Relationship between volume and carrier frequency A POWER Lab.

Nagaoka University of Technology

| SN
Grid RL load
EMC filter e [ EM I pwm [T pwm g%
D | filter | rectifier linverter '
S | | ;
- ) 1 e
: | [ hele 7
Cooling system =L —
> - Heat sink Stray capacitance
Carrier frequency Conduction noise measurement system
Volume of the system » Estimate the conduction noise

GaN-FET inverter system with high frequency carrier

@High frequency noise @L arge switching loss

Smaller EMC filter Larger cooling system
Each volume is calculated based on the simulation results

Relationship between the carrier frequency

and the total volume of GaN-FET inverter system is evaluated

N |
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Relationship between efficiency and power density @A POWER Lab.

Nagaoka University of Technology

EE . s
High efficiency(f,u =150 kHz High efficiency
96 J \ Y(fcarrier ) High power density
—
_ N 'Il'hree stages |
95¢ fcarri-er—150kHZ % \‘~ Two Stages-
S | Sndestae o “#&—  High power density
> Z (Frarrer=300 kH2)
E 93 1:carrier=4'50kHZ
L
92
fcarrier:6OOkHZ7I
o 2 3 4
Power density [KW/dm?]
® High efficiency fearrier=190 kHz

High power density  :f, i, =300 kHz

® EMC filter should be constructed by two stage filter
In order to achieve high power density and high efficiency

|
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MHz band high-frequency power converter A POWER Lab.
gaoka University of Technology
= Apltlons Battery

Charger

Receiver
antenna

|

|

l

—

> = =
Transmission antenna

Generation of plasma  Induction heating Wireless power transfer

B Wireless power transfer

4 Requirements
Grid__——>o0MMz 1356Mrdz 7 bC for HF power source
P Rectifier Battery .
source >High frequency
Taraet DC load ' T
(Target) Receiver >High efficiency

Transmission antenna >Downsizing

\ antenna
.
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Conventional method of high-frequency power converter@A POWER Lab.

I Nagaoka University of Technology

B Linear amplifier method Ex) Class A, AB, C, etc...
© Vacuum tube, Power Transistor npn
>Electromagnetic interference (EMI): Low
>Efficiency . Low
>Cooling system : Large size j PP

B Switching amplification method

© Power MOSFET
>Efficiency . High °—|
>Cooling system : Downsizing

© Employing wide band gap semiconductors
. Stlicon carbide(SiC), Gallium nitride(GaN) o—l

>Fast switching, low power loss
>Implementation of gate drive unit (GDU) : Complicated
>Control gate-source voltage : Difficult
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Concept of the proposed circuit and purpose of this study‘%‘_ POWER Lab.
gaoka University of Technology

Concept
B Simple method

© Without wide band gap semiconductors,
only conventional Si devices are used
>Conventional GDU can be used
B High output frequency over
switching frequency

© Frequency multiplying method is adopted

)fL:' Soe 1 Soy spvlv_' ST S \Vuo:lT_i
ﬂ::JiFsJ JS}JET}JE}: 5

High
efficiency

switching
frequency
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Proposed circuit —Frequency multiplying method - @A EOWE:} Lab.
_ gaoka University of Technology

( )

1. Multiphase inverter with square wave drive using shifted gate signal

~N

(2. Multicore transformer is adopted
_= Sum of the inverter output voltage can achieve high output frequency

. . e e o= o VY R s— Ty ———>
Voc| Seu | Soy A Urhme, ey [T
voltage Vedf2 — 111
|2—— OJ OJ C ‘72de \\\\\\\\
—— ‘gf | R A
: V-phase ., Voc/2 T — |
Vbe u voltage L o
—— 140 +V : Voc/2 L ‘721deg.j T
{/DC s S W-phase Voc% Lo ; — B
35| S L Sow voltage "2 — 1L
AT ACE: o e
LT e Vo8 L]
——————————————— - - - CoL L Jedeg L
- Y-phase \, Vodd———— | = T '———
o . volage "z L1
1. Multi-phase inverter 2. Multi-core transformer Vet I A A
Square wave drive | Primary : Parallel connection | St v, %6 [ -]
_ ) voltage "y 2 — |
Secondary: Series connection e
—_ * —_ —_ —_
foe= N*fg, Ex.)f,,=25MHz, N=5 = f .=500kHz
___Ths
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Applying series resonance using resonance capacitance A POWER Lab.

Nagaoka University of Technology

o
Multi-phase inverter ~ L€akage  Resonance
ommmm" eleleteadetleiet : Inductance  capacitor
' E :om\: ’ 11 %
. E E E VuoTE 53 .- A
__EVDC Spy Eu —=§—f‘m—i- = Sinusoidal
1142 OJ;% oy | Vuo 3 voltage
Vb : . Jow =]
—— 10 \1RDi I V
I Ay Voni :3 out /\/
1 iVoc i M3
Tiz| S [ | vt 3
) S (] L
— éojl— g VyoA 1}

I A resonance capacitance is connected to the secondary side of multi-
core transformer

=) |_eakage inductance is effectively used for sinusoidal output voltage

__The
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Experimental results (Series resonance, f,,=2.5MHz) éA POWER Lab.

Nagaoka University of Technology

rms value U phase voltage [ P
Vo : . : :

_ 60 ] (100V/div))+_
250 f
= U phase current [
S L ly '
i 40 (2dA/dIiv)0 _

Load voltage : : : : . : : : 3
530 Viead 03 Ef N AN NS NGNS NSNS
o (100V/div)
_; 20 Output current
8 10 lout 0-»
S (1A/div) ;

1 1 1 1 1 1 | . 400 (ns) <]
0 100 200 300 400 500 600

Resonance capacitance C, [pF]

B Load voltage and current

U phase voltage

mp Almost sinusoidal cooviaiy ™|

waveform o prasecuren | /\ /\ /\ /\ /\
B Output voltage is changed by &, IRVERVIRVIN

- Var 0
resonance capacitance value (100V/div)

Output current

B |oad resistance: Small loa. 0>

(1A/div)

m) Quality factor for resonance: Large t—i- T
> Output voltage: Decreased (b) Rload 33Q (C 100PF)
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Conclusion A POWER Lab.
Nanaoka Universitv of Technology

—
B Power loss calculation m Printed circuit board design

(Semiconductors, passive components) )

b@\ frequency switc@

m Clarification of J (L/l Volume estimation
design methods (Passive components, heat sinks)

Applications @ Combination

> Wireless power transfer for gate drive supplies
of a medium-voltage inverter

> High power density PWM inverter with wide band-gap devices

» Frequency multiplying circuit for MHz output frequency
<

~

etc.

~TThs
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