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PES Research Scope

Cross-Departmental

Power .
. Mechanical Eng., e.g.
Electronics Turbomachinery, Robotics
Microsystems
Medical Systems
Economics / Society
* Micro-Scale Energy Systems Electromagnetic
» Wearable Power Actuators

* Exoskeletons / Artificial Muscles
* Environmental Systems
* Pulsed Power

ETH
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Industry Collaboration

> Core Application Areas

IT Power Supply

Renewable Energy

Industry Automation

Automotive Systems

More-Electric Aircraft
Semiconductor Process Technology
Medical Systems

e Etc.

» 16 International Industry Partners

ETH

PES

Research

Budget
Strategic
Research

Indust

Relate?!/
Research
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ETH

Examples of
Research Results

Ultra-Compact Systems
Super-Efficient Systems
MEGA Speed Drives

6/63
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3-® Boost-Type PFC Rectifier

P,= 10 kW

U= 230V, +10%

f,= 50Hz or 360...800Hz
U,= 800V,

f= 250kHz

» Si CoolMOS
» SiC Diodes

n =96.2% @ P,
THD;=1.6% @ P,
y = 3kW/kg

* 10kW/dm3? Power Density

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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Mains Behavior @ 400 Hz/800 Hz

P, = 10kW P, = 10kW

U, = 230V U, = 230V

fy=400Hz fy = 800Hz

U, = 800V 200V/D U, = 800V 200V/D
THD, = 1.4% Tme/Diy THD, = 1.6% 0 ame D
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Bidirectional Super-Efficient
1-® PFC Mains Interface

% 99.3% @ 1.2kW/dm?

Hardware Testing
to be finalized in
November 2011

» Employs NO SiC Power Semiconductors -- Si SJ MOSFETs only

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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Bidirectional Super-Efficient
1-® PFC Mains Interface

n/%

X 99.3% @ 1.2kW/dm? G545
99.30 — S
/xr

/
99.20 . -
/;
99.10 5 5
99.00 / / f/ —
//

v

¢

—253V
——230V
98.90 ;
—m— 207V
a
98.80 |
0 500 1000 1500 2000 2500 3000 3500

Po/W

» Employs NO SiC Power Semiconductors -- Si SJ MOSFETs only

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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MEGA Speed Drive Systems

pm-Scale PCB Drilling

Dental Technology

Laser Measurement Technology
Turbo-Compressor Systems
Air-to-Power

Artificial Muscles

Mega Gravity Science

World Record !
100W @ 1'000°000 rpm

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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Abstraction of Power
Converter Design

Performance Space
Efficiency
Power Density

: Costs %
Performance Space : Zzl.iahility / o e Evaluation Formulas

. Lifetime Models
S f(x,k <= *
——————————————————————————————————————— Costs 1 ( ’ ) e Cost Models

Design Space System ‘ete.

e Phase-Shift DC/DC Conv.
¢ Resonant DC/DC Conv. o
e DC Link AC/AC Conv. e Specifications
e Matrix AC/AC Conv. e Operation Limits
e celc. e Converter Topology
e Modulation Scheme

m -, Control Concept
Components 2 e Operation Mode
o Power Semiconductor * Operating Frequ.
¢ Interconnections e etc.
¢ Inductors. Transf.
e Capacitors /\7/
e Control Circuit ( U Il e Doping Profiles
e clc. Ge stric Propertie

m e Geometric Properties

! -, Winding Arrangements

Materials e Magnetic Core Geometries

> Mappil:‘g Of DeSign e Semiconductor Mat. ® ete.
Space into System * Conductor Ma
e Magnetic Mat.

Performance Space .

Dielectric Mat .
etc.
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Swiss Federal

Laboratory

Technology Sensitivity Analysis
Based on n-p-Pareto Front

» Sensitivity to Technology Advancements
» Trade-off Analysis

Design Space

Performance Space

13/63
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Outline

Introduction to SST Concept
Applications of SSTs

Overview of SST Research since 2001
Details on the MEGA Cube
Conclusions / Outlook

VVVYVYY
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Introduction to

_ Solid State Transformer ____
Concept

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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50/60 Hz

16/63

Solid State

Transformer Transformer
(50 /60Hz Trafo - (Sohd State Transformer. N
!
MV AC L y LV AC MV AC High-Power DC-DC Converter. LV AC
\
%
%%
% i‘/ |_ Solid State Transformer >
10' 10° 10° 10 10° -

A 50/60Hz vs. SST Operating Frequencies in the kHz Range

ETH

Frequency [Hz]

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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Size/Weight

Reduction
» Higher Operating 10'F
Frequency Reduces 1
Transformer N
Size/Weight .
1 1 210} 1
VT oC —+ — g tige?
B >o 1 smaller
10 ¢
10 10 10 10 10

Frequency [Hz]

A Volume vs. Frequency of Transformers

- Realized in Previous Research
Scaled to 1[MW]

/

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich




S1C I, Power Electronic Systems
I = Laboratory

Reactive Power
Control

» Power Factor Correction

- VAr Compensation
- Active Filtering

Eidgendssische Technische Hochschule Ziirich

18/63
~Solid State Transformer
91915 &
FOTO o ¢
. QMV QLV .
MV grid LV grid

A SST providing Reactive Power Compensation

Swiss Federal Institute of Technology Zurich
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UPS Operation
» Linked to Energy Storage —Solid State Transformer
- Ability to Source/ Py P,
Sink Active Power in » ‘
Both Directions Energy
: : Buffer : :
Q,L — JQ,
MV grid | N\ LV grid
3] Py=Py+P e
+ + Lv™ "Ly ES Energy : :l
Q= Storage
- \
" - v * " i
A — A SST Linked to Energy Storage System

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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Applications

of the Solid State Transformers
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Traction / Locomotives

o I I |
» Reduced Weight/Size
» Increased Efficiency
» Reduced Line Filtering

A SST Replacing the Input Transformer of a Locomotive

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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Wind Power

» Reduced Weight/Size
» Increased Efficiency of .
Power Transmission AC T bc i
DC| [ | /el [
AC T L|pC 71 1 | .150/200km
pcl [ [ bl |

Shore-line

|
i '
DC DC

A SSTin Off-Shore Wind Farms

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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Tidal Power

» Reduced Weight/Size

» Increased Efficiency of :
Power Transmission AC DC
pc| T | /el
AC 1 DC 1
DC DC
|
AC Tipc /T L ‘ g
DC DC 4

easIopun

A SSTin Tidal Power Plants

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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Smart Grid Scheme

MV AC MV DC LV DC LV AC

DC G ‘ Small Distributed
AC o~ Generation Units
LV DC line
""" — AC DC DC &
§ —— oc LT /oc 4(E) AC —| " » Rural Areas

MV AC : DC Distributed Storage
Distribution Ring 0 AC @ “ e.g. Flywheel :

"1 A1) LV DC-link DC --
_____ e nc LL| Zbc ] AC | * Protected AC Loads
DE | » Normal AC Loads

© n

Distributed Generation  DC Loads Adapted from
e.g. Fuel Cell L. Heinemann, 2001

o
[}
3¢
><
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_ Overview of SST Research

over the last 10 years

Introduction to
The MEGA Cube

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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Traction Applications

26/63

» 2001 ABB (ETH) 10°¢ S
» 2007 Alstom i
» 2007 Bombardier -
» 2009 KTH i
» 2010 Erlangen i
10°L | ALSTOM |z
p— [ eTransformer” £ : @
i BOMBARDIER |
z | ROIER |
S
g i
- 103:—
SST Research over the I
Last 10 Years 10° ! -
10°
ETH

3 |

10
Power [kW]

Eidgendssische Technische Hochschule Ziirich
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Wind / Tidal Power

» 2009 Eon
» 2011 L.2.E.P.

SST Research over the
Last 10 Years

ETH

Frequency [Hz]
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Smart Grids

5
> 2006 UNIFLEX 10 E T T T T LN S R | T T T T T 1 1 lE
» 2007 FREEDM i :
[ @LREy } ]
10°L  ALSTOM t: - =
,? - , (iTransformer . y Q .
= TN ‘ I\ i
a, = -
o - .
<)
=
o B .
o
- 3
0F E
SST Research over the _ -
LaSt 10 YeaI’S 102 1 | \ \ T T 1 \ 1 \ I N
10° 10’ 10
Power [kW]
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The MEGA Cube @ ETH Zurich

» 1MW
» 20 kHz
» 12kV MV = 1.2kV LV

SST Research over the
Last 10 Years... plus

MEGA Cube

ETH
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Frequency [Hz]
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1
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Details on

The MEGA Cube

Medium-Voltage Side
12kV - 20kHz

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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High-Voltage IGBTs

» Not Designed for Medium- 1.4 ' ' ' '
Frequency Operation 121 N
R . = 1.0 ° 1
» Zero-Current-Switching < o8} : —
Schemes Required g 0.6 . ]
w04t ! i
0.2 . .
0 1 1 1 1
— 80 T T T I
a;__c, 70 * .
3 60 ; * —
§ 50 : ° ' T
(=] °
£ 40 s —
'.B 30+ [] T
-
20 1 1 1 1
2.5 3.3 4.5 6.5
Voltage [kV]
<€ 4.5kV/150 A A 100 A Turn-Off Energies
ABB IGBT Module A 100 A/20 kHz Switching Losses

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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Dual Active Bridge DC/DC Converter

» Resonant ° ! °
- Capacitor and Inductor in JG JK’} s & .
Series with Transformer ) - o
. . . Q ] (t) v (t) v (t) 1 a2
- Low Switching Losses in =T mv tv T >
MV and LV Bridges
J .Jl:‘} .JK‘} .JG
» Triangular Current ° K’} , l('} °
- Only Inductor in Series J':;} - T 1m0 . -
with Transformer O - ®)
S = i (0] vy L 8
- High Switched Currents on = T e T =
LV Side
J .JH} .Jl:,} .Jl::}

ETH

Eidgendssische Technische Hochschule Ziirich
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Resonant vs. Triangular Current DAB

» Resonant o L R N B B BN e
- ZCSon LV and MV Sides = 1 ] —{200 —
ors I <
- Low Controllability of . o
Transferred Power > 0 0 3
k= 5
s 4 -200"

" [ N T (N NN E N R 400

. 2 T T T T T T T 1 400

» Triangular Current - ‘
= 1 —200 —
- ZCS only on MV Side 3 =3
- Duty Cycle Power Flow > 0 o 5
Control s 5
= 4 ‘ -200*
{lﬂ""
" N N S (Y NN N N R 400
0 5 10 15 20 25 30 35 40 45 50
Time [ps]

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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Triangular Current DAB

» Enables ZCS Only on MV Side

» All Current Turn-Off Events
Shifted to LV Side

Voltage [kV]

Shown for Power
Transfer from MV to LV Side

ETH

MV DC

400

200

—1-200

-400

35 40 45 50

o

34/63

Current [A]

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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MV Switch Realization - 4.5 kV IGBT

» Large Tail Current Despite ZCS

4 T T T T T 1000
z,
o 2| 1 -{ 500
g
9 1+ K - 250

) - 0

| | | | |
0 5 10 15 20 25 30
Time [ps]
A 4.5kV Press-Pack IGBT Testbench A Z(STesting @ 3kV DC-Link 150A Peak

35/63 —

Current [A]

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich



36/63

S1C I, Power Electronic Systems
I = Laboratory

MV Switch Realization - 1.7 kV IGBT

» Testbenches for NPT and PT 1.7kV IGBTs
» Massive ZCS Loss Reduction

200
150
S
- 100
g
E 50
0
2550
Time [ps]
A 1.7kV PT IGBT NPC Module A Z(CSTesting @ 1kV DC-Link 150A Peak

ETH

Current [A]

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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Enhancement - Saturable Inductor

» Provides Time for Charge 2 —
Carrier Recombination /}\\

1 / — 200
ff |
[ ]

\VI -200

-400
0 5 10 15 20 25 30 35 40 45 50

Time [ps]

T I | | I | I 400

Voltage [kV]
o

T
o
Current [A]

L]
Ls Lsat 1:n

L (t) VMv(t)l vzv(t)l I“r

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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Enhancement - Saturable Inductor

» Loss Reduction for Both 2 T T T T T T T T | 400
Directions of Power Flow /}\\

Power MV — LV

Voltage [kV]
- (=) =
| E
S I
o N
8
Current [A]

50 — -200
= 40 - . ‘ \V
= 30 30% - 22 ] ] ] ] ] ] ] | ] -400
2| _ 0 5 10 15 20 25 30 35 40 45 50
[} .
|.|=.| 10 | . T]me [l.lS]
0
|
Power LV — MV H
_ Zg Ls Lsat I:n
L ] B N .
‘E: 30 729, - u(t) VMv(t)l Vl.'V(t)l I“I
(]
g 20 - =
S 10 —
0
No sat. ind. 160 [uH]
sat. ind.
ETH

Eidgendssische Technische Hochschule Ziirich

Swiss Federal Institute of Technology Zurich
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Modular MV Side ~NPC Module 1———

1.7 kV IGBT ]

» Modular Construction due to MF + MV

» 1.7 kV IGBT Used in NPC Structure ol
—
2 T
o)
S L
o~ v ol
J \. Y,
a
>
=

| NPC Module 2 | E

e—  NPCModule 6 I I

A 1.7kV PT IGBT NPC Module A Stacked MV side NPC Modules

ETH

Eidgendssische Technische Hochschule Ziirich

Swiss Federal Institute of Technology Zurich
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Details on
_ The MEGA Cube

Low-Voltage Side
1.2kV - 20kHz

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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DAB with Triangular Current

» High Currents Switched /

Conducted on LV side
» ZCS on MV Side

Shown for Power
Transfer from MV to LV Side

ETH

Eidgendssische Technische Hochschule Ziirich

Voltage [kV]

41/63

400

200

o
Current [A]

-200

Time [ps]

-400
0

3 4,

MV DC
|
|

1:n -
—» -
= u(® VMv(t)l Viy(t) ||I =
oJ

N JH}

LV DC

Swiss Federal Institute of Technology Zurich
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Hybrid LV Switch
.Jl:'} J
» Low Conduction Losses > .
IGBT N g
» Low Switching Losses = - T 3
MOSFET o
g
; tOF.",IGBT ! g
- o mosrer ! -
600 ' , —— , 600
500
S 400
@ 300
.. . &
Circuit Schematic and = 200
Waveforms of LV Side > 100
Hybrid MOSFET/ 0
IGBT Full-Bridge } | | | | | )
100 0 5 10 15 20 25 30 100

ETH

Time [ps]

Current [A]

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich



S1C I, Power Electronic Systems
I = Laboratory

Module-Based
Hybrid Switch

» IGBT Module: Infineon
600V/600A Econopack

» MOSFET: Infineon
600V/70A “CoolMOS”

A Hybrid Switch Based on
IGBT Bridge Leg Module

Voltage [V]

600 - I I I 600
500 | 5 ‘OFF,IGBT > _ 500
4 0 0 ' tON,MOSFI:T L\ A 4 0 0
300 — 300
200 — 200
100 — 100
0 0
1 l L | | I 1
000 5 10 15 20 25 30 00
Time [us]
IGBT bridge ool odioddlo
MOSFETs
Snubber R TR
@ ©
Diode -3 = \o g =
B H ‘ % E
3 g &
©)) (@
GAL AAL AL AL AL
@] O O O O
152 mm

A Hybrid Switch Layout and Waveforms; £, yys0r= 8us /

Lore 1er=17Us

Current [A]

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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Interleaved 600
Hybrid Switch 500
= 400

o 300

» IGBT : Infineon 600V/75A £ 200
Trench Field-Stop S 100
» MOSFET: Infineon 0
600V/70A “CoolMOS” -100

[})

S

(7,]

(8]

<<

A Testbench for Interleaved
Hybrid Switch

ETH

Lore 1er=17Us
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!tOFF,IGBT ! ! ! i | o
B Lo, mosrer o ' m—-—-:-lgg
_ T e
B —1 40
. r———-—'—‘m 71 20
0 5 10 15 20 23 30
Time [ps]
o] = ]
(© @
AR 2 E
A4 0 A0 AR g3
)
@] S5k [ | L S B | ° \
+—70 MM —
IGBT bridge MOSFETs

A Hybrid Switch Layout and Waveforms; £, yys0r= 8us /

Current [A]

Eidgendssische Technische Hochschule Ziirich
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Module-based vs. Interleaved Hybrid Switch

» Total Losses for a 166 kW Full-Bridge
» Mesh with Different ¢, 57y and £,z ;.5 Showing Optimal Selection

2.1kwW 2.8kW 3.5kW 1.5kwW 1.75kW 2kw
v v v v v v
A 18 18
16 * 16
14 14
12 12
10 10
8 8
6 6 *‘
4 4
2 2
0
towmosrer g 2 4 6 8 10 121314151617 1819 0 2 4 6 8 10 1213141516171819
tOFF,IGBT » tOFF,IGBT »
A Module-Based Full-Bridge Total Losses A Interleaved Full-Bridge Total Losses
(Conduction and Switching) (Conduction and Switching)

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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Modular LV-Side
Full-Bridge

— Hybrid Fullbridge 1

LV DC (1.2kV)

B
» 6 Modules — 6 x 166 kW J[:'} J]:'}
» Hybrid Switch for Low -
Conduction/Switching Losses IMEI_ _ T g
Jﬁ} J% % .Jt:‘} I% x v
\\ . - , )
||||ﬁ Hybrid Fullbridge 3 )
]
C y
||||i{ Hybrid Fullbridge 5 3 !
] C e o

A Testbench for Interleaved A Structure of the Modular LV Side
Hybrid Switch Comprising Hybrid Switch

ETH

Eidgendssische Technische Hochschule Ziirich

Swiss Federal Institute of Technology Zurich
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LV side fullbridge 1 MVNPC1 ——

S 27
MEGACube Module 1 \ L
The Big Picture Abad o34h ﬂ__
ETS S ET
Module 2 J J J ﬂ
» 6 Modules 4353 4343 ; 7|
J#} Je} Trafo. 3 Hg
Module 3 | J J ﬂ
RIRECETIrerT 54,
] J#} Je} Trafo. 4 ﬁﬁ
Module 4 J J ﬂ
» LV Side RTINS J%} gi_
Parallel Ser-ies LV side fullbridge 5 MVNPC5 —|
Foll Brdges 10 Module 5 \ ? | T 53 1
ull Bridges odule J
N N J o % T
> MV Side LVsi}de_fiﬁﬁdgeE} ’H} MVNPC64:
Series Connection Jq} I Trfo. 6 ‘ET
of NPC Bridges Module 6 J AL
b 58 SRR

ETH

Eidgendssische Technische Hochschule Ziirich
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Details on

The MEGA Cube

Transformer
20kHz

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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How Many MF Transformers?

» Six Transformers (One per Module) OR one Transformer with 6 LV/MV Windings?

~ 6x NPC Module————

1.7 kV IGBT J ~— 6x Hybrid Fullbridge N

I LY |

o 1x MF trafo? .
° 6x MF trafo? °

L Wy,

2kV

I
400V

A MF Transformer - Link of MV NPC Module and LV Hybrid Switch Full-Bridge

ETH
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Option 1: Shell-Type

» E-Shape Based on
Magnetic Core

- Vitroperm 500F / Heatsinks
- HV Litz Cable /

- LV Foil A Shell-Type Transformer with
- Air-Cooled HV Cable Winding Designed for 1IMW/20kHz

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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Option 2: Matrix-Type

» Several Cores / Each
Realizing a Transformer

» Realization of the Turns
Ratio Through Parallel/
Series Connection

- Vitroperm 500F / Heatsinks
- HV Litz Cable /

- LV Foil

- Air-Cooled

Eidgendssische Technische Hochschule Ziirich
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A Matrix-Type Transformer with
HV Cable Winding Designed for 1IMW/20kHz
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MF Transformer Split up to 6 Modules

» Linking MV NPC Module and LV Hybrid-Switch Full-Bridge Modules
» Isolation + Voltage Adaptation

~ 6x NPC Module————

1.7 kV IGBT _| ~— 6x Hybrid Fullbridge N

L I )
o] -MF trafo — J':‘} Jl:'}

\_ J

2kV

400V

A Block Diagram of High-Power DC-DC Converter Utilizing Modular LV and MV Converters

ETH
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Transformer Optimization

» Parameter 1: Core Material
» Parameter 2: LV Winding

Number of 100 I | T | |
Turns
. 99.9- 7]
» Selected Design: \
o 2 LV turns, Ferrite
- 2 Turns LV Winding 99.8~ = : 7]
- Stacked Ferrite Cores T A 3 LV turns, Ferrite
? 99.7 7]
:8 206l 3 LV turns, Nanocrystylline_
99.5 \ \ |
. . 99.41 2 LV turns, Nanocrystylline ]
Power Density vs. Efficiency Pareto
Front of the 166kW Transformer 99.3 L ' . : .

20 40 60 80 100 120 140
Power Density [kW/L]

ETH
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Assembled Transformer

166kW / 20kHz

Ferrite N87

9500 Strands Litz Wire
PTFE Isolation Bobbin
Forced Air Cooled

vvvyyVvyy

Efficiency: 99.75%
Power Density: 31kW/dm?3

vwv

166kW / 20kHz Transformer

ETH
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Preventing Core Saturation

» Flux Density Transducer — Magnetic Ear @

Shared Magnetic Path between External Core
Main and Auxiliary core

Shared Magentic Main Core
path S >

Flux Density

CRICANE I 174

100 - .
80 |- . o J[’} JK’} o
60 | | | 1 | 1 o o
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e o
/
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3
| |
o~
s
S

Il
o
~
<
=
S
-—
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Inductance [pH]
/ ~
—
S

0 1 1.5 2 2.5 3 3.5 4
Magnetic Field [kA/m]
A Measured External Core Inductance A Magnetic Ear Concept
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Magnetic Ear &7

» Closed-Loop Control of the
Flux Density in the Main Core

» Eliminate Problems of
DC Magnetization

DC Flux Density [mT]

(S
o

o

-50

-100

-150

Main Core

56/63

— "m(’)l Full- | . | PwM

bridge " | mod.

25 5 7.5 10 125 15 17.5 20 22,5 25
Time [ms]
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—— Conclusions / Outlook ——
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Conclusions

SST Technology Attractive for Traction / Renewable Energy / Smart Grids
High-Power MF DC-DC Converters are a Key Component for SSTs

1MW / 20kHz MV to LV MEGA Cube under Construction @ ETH Zurich
With Available Semiconductors —> ZCS required on MV side
Medium Voltage + Medium Frequency - Modular Arrangement

vV VVVY VY

Major Opportunities for WBG Power Semiconductors
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Done!
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Done!

To be Done...

ETH
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Outlook

Modeling/Simulation of ZCS Behavior

High Performance Cooling Systems

Magnetics Thermal Management

High RMS Currents of Capacitors

Partial Discharge Testing

Common Mode Voltages of Stacked MV Modules
Alternative Core Materials

Winding Resonances

High-Current Medium-Frequency Test Setup

VVVVVVVVYYVYY
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Thank You!
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Questions?
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