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HITACHI

4.5 kV Module for various applications

1. Motivation and application requirements

2. Chipset technologies
— New enhanced planar 4.5kV IGBT chip
— New field charge extraction 4.5kV diode

3. SPT++ HiPak2 4.5kV 1500A module

— Electrical characteristics
— Maximum ratings

4. Summary and conclusion HITACHI ABB POWER GRIDS <
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4.5kV 1500A HiPak module for various applications

1. Motivation and application requirements

HITACHI ABB POWER GRIDS .
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Motivation and application requirements HITACHI ABB

4.5kV 1500A HiPak module

— Higher power density demands, as trigger
for our new 4.5kV 1.5kA HiPak2' 150°C

Inverter mode: Vcc = 2800V, fout = 50Hz, Recitifier mode: Vcc = 2800V, fout = 50Hz,
— New IGBT and diode chip design for 130 = 1> c0S phi = 0.85, Rt (h-a) = BK/W, Twater = 60°C m =1, cos phi = -0.9, Rth (h-a) = 8K/W, Twater = 60°C
increased current and temperature 1200 : ' 5SNA 12006450300 SPT+ 125°C | —— 5SNA 12006450300 SPT+ 125°C
HHH 7 —— 5SNA 1500G450300 SPT++ 150°C |1 —— 5SNA 1500G450300 SPT++ 150°C
capabilities +20% A
1100 ' 1
— Increased reliability with improved humidity < 00, o 15008 ] <
protection with the new Hitachi ABB Power £ 000 HiPak2 £ new 1909
Grids passivation concept? E 3
2 800 ] 2
7001 T 1200A
Output HiPak2
Power 600 )
500 1
200 400 600 800 1000 200 400 600 800 1000
S f [Hz] f[Hz]
Reliability Temperature
[Ruggedness
e HITACHI ABB POWER GRIDS .

1: “A new HiPak Module Platform with Improved Reliability”, G. Paques et al., PCIM 2014
2: “Humidity Robustness of IGBT Guard Ring Termination”, C. Papadopoulos et al., PCIM 2019 © Hitachi ABB Power Grids 2020. All rights reserved 6
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HITACHI

4.5kV 1500A HiPak module with 150°C capability

2. Chipset technologies
— New enhanced planar 4.5kV IGBT chip
— New field charge extraction 4.5kV diode

HITACHI ABB POWER GRIDS .
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The new 4.5kV Enhanced Planar (EP) IGBT chip HITACHI ABB

IGBT schematic and key highlights New features

— Lower leakage 1. New Variable Lateral Doping (VLD) termination design, resulting in

— Lower on-state voltage losses (at the same turn-off energies) 25% smaller dimensions

Introduction of the “partial p-collector” concept1

Emitter contact 3. New buffer and n-base design with 10% reduced thickness
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Collector contact

Same chip area of previous 4.5kV rugged enhanced planar IGBT generation

Reference: HITACHI ABB POWER GRIDS "N v

1: “Reduction of Temperature dependence on leakage current of IGBTs by Field-Stop design”, H.-J. Schulze, ISPSD 2011 © Hitachi ABB Power Grids 2020. All rights reserved 8



The new 4.5kV Field Shielded Anode (FSA) Field Charge

Extraction (FCE) diode HITACHI  ABB

Diode schematic and new features Key highlights
A"ide " conventional 1. Backside irradiation depth optimization
+ 8 -
i @ §p T 2. New termination design

I
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g

3. Optimized silicon
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20% larger chip area w.r.t. the previous 4.5kV diode generation

HITACHI ABB POWER GRIDS .
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4.5kV 1500A HiPak module with 150°C capability

3. SPT++ HiPak2 4.5kV 1500A module

— Electrical characteristics

HITACHI ABB POWER GRIDS
PCIM ASIA 2020 © Hitachi ABB Power Grids 2020. All rights reserved 10



IGBT electrical characteristics HITACHI ABB

IGBT on-state characteristics IGBT turn-off nominal switching IGBT turn-on nominal switching

IGBT on-state voltage characteristics

Tj=25°C

Tj =125°C IGBT nominal turn-off waveforms IGBT nominal turn-on waveforms
Tj =150°C Vce = 2800V, Ic = 1500A, Rgoff = 1503, Cge = 200nF, Vce = 2800V, Ic = 1500A, Rgon = 1.8Q2, Cge = 200nF,
‘ 3 Ls =150nH, Tj = 125°C Ls =150nH, Tj = 125°C
: T T T T T T T T T T T T 4000 r — T T T T T T T T T T 5000 20
3000+ L
2500 4000
L 10
2000 4 3000
S 1500 I = .2
< 2000 < 10 o
S 1000 2 >
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500 L1000 o
0+ 0
T T T T T T T - '20
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time (us)

New 4.5kV 34 generation HiPak2, 1500A

HITACHI ABB POWER GRIDS .
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Diode electrical characteristics HITACHI ABB

Diode characteristics Diode reverse recovery
3000 Diode forward voltage characteristics Diode nominal reverse recovery wavefroms
rem Vce = 2800V, If = 1500A, Rgon = 1.8Q2, Cge = 200nF,
Tj=25°C _ ) :
Ti= 125°C | Ls = 150nH, Tj = 125°C
. R 2000 : . : :
2500 Tj = 150°C ‘ ! ! ' '
| ‘ T | 1 f 3000
20004 L] 1000 4 ”””””””””” ”””””””””” i
= i o\ - 2000
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New 4.5kV 34 generation HiPak2, 1500A

HITACHI ABB POWER GRIDS .

PCIM ASIA 2020 © Hitachi ABB Power Grids 2020. All rights reserved ] 2
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HITACHI

4.5kV 1500A HiPak module with 150°C capability

3. SPT++ HiPak2 4.5kV 1500A module

— Maximum ratings

HITACHI ABB POWER GRIDS
PCIM ASIA 2020 © Hitachi ABB Power Grids 2020. All rights reserved 13



IGBT mode: Safe Operating Area (SOA) performance HITACHI ABB

IGBT RBSOA switching waveforms IGBT short circuit switching waveforms
Vee = 3400V, Tj = 150°C, . Vee = 3400V, tp = 12us, Vge = 15V

Rgoff = 8Q, Ls = 150nH, Cge = 200nF > Rg,on = 1.8Q, Rg,off = 8Q, Ls = 150nH, Cge = 200nF S

4000 1T T 3 e =
3000 me—— ™\ p 1c=3000A | 4000 5 19009 ™ fj?150°C:‘51888 3
5 2000- la00> 13000
< 1000 - _ <G A000 e T 12000 >
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0 ; 0 o 0 2
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H S time (ps) S

26000 S ' 1nee 15000 @

T ! : . . — T=-40°C

~6000 — lc=7500A 1, % =47 14000 £
& 4000 e > 13000 ©
o > L o
- 2000 - 12000 >
2000 ] S 11000 &

0 0 o 10 <

'2000 f f T — I — f \ T : (>) — i : i ‘ - - - - __1000 8

1. 2 3 4 5 6 7 8 9 10 11 12 0 2 4 6 8 10 12 14 16 18 >

time (us) time (us)
Very rugged and robust 34 generation 4.5 kV 1500 A HiPak2 module

HITACHI ABB POWER GRIDS
PCIM ASIA 2020 © Hitachi ABB Power Grids 2020. All rights reserved



Diode mode: Safe Operating Area (SOA) and
softness performances

HITACHI ABB

Diode reverse recovery waveform Diode softness under different IGBT switching speeds
(SOA)

Vce = 3400V, If = 1500A, Tj = 25°C,Rgon = 1.8(2, Diode Softness at Tj = 25°C Vce = 3400V, If = 600A, Tj = 25°C, Rgon = 0.7Q

Rgoff = 8Q, Ls = 150nH, Cge = 200nF Voe = 3400V, If = 25A - 3000A, Ls = 150nH, Cge = 200nF Rgoff = 80, Ls = 150nH, Gge = 200nF
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Very soft diode enabling full flexibility to balance between IGBT turn-on and diode turn-off losses

HITACHI ABB POWER GRIDS

PCIM ASIA 2020 © Hitachi ABB Power Grids 2020. All rights reserved
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Summary and conclusion HITACHI ABS

TGET1 Ewiching Logs, 01 Reverse Reovesry Loss [W]

. Simulation with Hiatchi TSRS TS
ABB simulation tool R TR T
SEMIS, available online “’:J_"L-| -I‘”ﬁ.n alliNihi M'L" 1 Hhﬁ 1

Steady state “

DC voltage 2800 V — S —
Switching frequency 450 Hz e Lol L . -

Sinusoidal PWM Nt

Inverter and rectifier operation R
mOde Switching | Conduction c:'::s::d Tviivg ~ TvjiMax = TWBLS

per IGET 1605 kw 1120 kw 2824 kW 13914 =C 147.98 2C 14679 =C

Powe r fa cto r 0 . 8 5 per Diode 631ES5W  163.58W TO523W  11044:C| 11547%C,  IIL37TEC

13.86 kW TTE kW 2LT2 kW

Modulation index 1  Losses

AC Parameters
Phase Phase

Cooler Rth should be selected ReatPower | "o’ | Votage | Comen WP | D

(RMS) (RMS)

to refl e ct a p p I i cati on 2474 IOV | 1.533 kkVAR 00V sa0A 50 Hz 085

DC Parameters & Control Parameters

conditions scrore | ovomge | Swtdion | Modition

Frequency Index
2405 kW 2.800kV 450 Hz 100

HITACHI ABB POWER GRIDS ' .~
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4.5kV 1500A HiPak module with 150°C capability

4. Summary and conclusion HITACHI ABB POWER GRIDS - <
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Summary and conclusion HITACHI ABS

New 4.5kV IGBT and diode 150°C capable chipset has been presented

- New 34 generation 4.5kV
HiPak2 (1500A) and 4.5kV
HiPak1 (1000A)

High safe operating area
High reliability with improved passivation for enhanced humidity

protection

The module is therefore suitable for wide application range from MMC
HVDC to traction and industrial drives.

A%
HITACHI ABB POWER GRIDS

PCIM ASIA 2020 © Hitachi ABB Power Grids 2020. All rights reserved 18




HITACHI ABS
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