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• Demonstrate 100 kVA Transformerless Intelligent Power 
Substation (TIPS) Based Upon 15 kV SiC IGBTs
– Design and Simulation of 100 kVA TIPS
– Develop/Implement TIPS Control 
– Design/Implement HV/HF (High‐Voltage, High‐Frequency) Transformer
– Demonstrate 100 kVA SiC IGBT‐Based TIPs
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TIPS : Replace 1MVA Transformer 

Transformer Core Physical Dimensions
1MVA, 15kV:480Y/277V

Frequency Mass lb (kg) Volume f3 (m3)

60 Hz 8,160  (3,700) 169  (4.8)
400 Hz 992  (450) 125  (3.54)
1 kHz 790  (358) 101  (2.86)

20 kHz 120  (54.4) 0.5  (0.14)
50 kHz 100 (45.4) 0.5  (0.14)

1 MVA Distribution 
Transformer 480V/12.47kV



1MVA TIPS system losses – HV rectifier is HS at 3kHz, DAB is 50kHZ SS, each inverter is17kHz HS

1 MVA TIPS Switch loss
Conduction
loss Diode Loss Total

Input Rectifier 5000 1404 1000 7404
Primary DAB 2000 1400 600 4000
Secondary DAB 720 1008 500 2228
Inverter 420 1600 120 2140

Total Loss 8140 5412 2220 15772

Table 1: Losses of 1MVA TIPS with 15kV SiC IGBTs

TIPS LOSS 15 KV SIC IGBT



TIPS LOSS 6.5 KV SI-IGBT
1MVA TIPS system losses with Si-IGBTs (6.5kV)– HV rectifier is HS at 1kHz, DAB is 3kHZ SS, each

inverter is 5kHz HS

Table 2: Losses of 1MVA TIPS with 
Si-IGBT (6.5kV) 

Switch loss Conduction loss Diode Loss Total
input rectifier @ 1KHz  2616 1719.36 672 5007.36
primary DAB @ 3 KHz 4351.2 1687.2 180 6218.4
Secondary DAB @ 3KHz 1320 12768 564 14652
inverter @ 5 KHz 3552 12168 583.2 16303.2

Total 42180.96
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TIPS System Demonstration – NCSU
Solid State Transformer (SST):Gen-I Prototype

SST 7.2kV/120V/240V based
on 6.5kV Si-IGBT
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3.9KW 7.0KW

CORE LOSS (W) 80.6 80.6

HV WINDING LOSS 
(W)

16.4 62.1

WINDING LOSS (W) 28.7 85.4

TOTAL (W) 126 228

EFFICIENCY 96.9% 96.8%

Ch1=Vac_low side;
Ch2=Vac_high side;
Ch3= Iac_low side;
Ch4=Iac_High side,

Test Waveforms

VOLTAGE 
(KV)

LEAKAGE 
CURRENT (nA)

10 3.6

15 5.8

20 10.5

25 16

Insulation Capability

TIPS System Demonstration – NCSU
SST: Gen-I High-Frequency Transformer 

SST 7.2kV/120V/240V
HV/HF Transformer
7kVA, 3.8kV/400V@3kHz



TIPS: HV, High Frequency Transformer 
1MVA 20kHz-50kHz Transformer Size

HV cable  on primary 
side (29turns)

2 copper foil in parallel 
for each turn
(2 turns)

1MVA
20kHz

64cm

25cm

64cm

25cm

54cm39cm

1MVA
50kHz

The size of transformer can be compact by
customizing HV cable for proper current
rating.



TIPS: HV, High Frequency Transformer
Winding 

25kV Shielded Power Cable on primary side Nanocrystalline cut E-cores



TIPS System: SiC 10kV MOSFET based
1MVA Converter at 5kHz switching

Output phase A line-to-neutral 
voltage versus current of the 
inverter (sw freq= 5kHz)

Switching transients of 10kV, 
100A MOSFET at the peak of 
drain-to-source current through 
the switch (sw freq = 5kHz)
Vdc=7.5kV



TIPS System : Switch Modeling
6.5kV Si-IGBT and Si-Diode 

18 20 22 24 26 28 30 32
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

B
lo

ck
in

g 
V

ol
ta

ge
 (k

V
)

Time (s)

6.5kV Si-IGBT Si-DIODE switching characteristic @ 100A
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Switching waveforms of 6.5kV 100A Si-IGBT and 6.5kV Si-DIODE under 100A 
inductively clamped load



TIPS System : Switch Modeling
6.5kV Si-IGBT and SiC- JBS Diode 
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6.5kV Si-IGBT SiC-JBS DIODE switching characteristic @ 100A
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TIPS System : Switch Modeling
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10kV SiC-MOS SiC-JBS DIODE switching characteristic @ 100A
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TIPS : Switch Modeling Comparison: 
6.5kV IGBT, 10kV SiC MOSFET
MOSFTEVG = 15V RG = 750mΩ
VS = 3.6kV IL = 100A

DEVICE VON

switching times Ploss Eloss

TON
(ns)

TOFF
(µs)

PON
(kW)

PCOND
(W)

POFF
(kW) EON (mJ) EOFF

(mJ)

6.5kV10A Si‐IGBT 
and DIODE  4.4 700 4.95 850 437 340 194 545

6.5kV10A Si‐IGBT 
and SiC‐JBS DIODE 4.44 430 4.2 440 444 333 46 530

10kV10A SiC‐
MOSFET and SiC‐JBS 
DIODE

8.4 1070 0.39 526 840 98.7 110 5.7



QUESTIONS?


