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PIM Module Markets

Solar Inverter: 20-250 kVA String Inverters
1 phase Inverters

UPS/Storage: 20-50 kVA Modular Blocks

PFCLand C DC Bus Filter Inductors Power to
after input filter Capacitors and Capacitors  Internal Grid
Solar Panels Boost DC Bus Filter Inductors Power to
connected Inductors Capacitors and Capacitors  Electricity Grid
in series

Isolated Gate
Drivers

% Isolated Gate
Drivers

S

—
:\_

Isolated Gate
Drivers

Isolated Gate
Drivers

. 1= Isolated Gate
Drivers

TL

=

Isolated Gate Isolated Gate
Drivers Drivers.

— >0 B \

Isolated Gate
Drivers

Isolated Gate
Drivers

Isolated Gate
Drivers

HH

Motor Drive, Servo and Commercial HVAC

Input Filter DC Bus Brake

EV Charging Stations

PFC Land C DC Bus Resonant To Output . .
after input filter Capacitors Network Protection Capacitors  Resistor
| I | To Motor
| Isolated Gate
—M-ﬂT | Isolated Gate | | Isolated Gate | _rWY\T Drivers
Drivers Drivers
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Power Discrete and Modules - In-house Semiconductor supply

Bucheon, Korea

Suzhou, China
IPM, APM, Discretes IGBT, SiC, MOSFET, Diode, Drivers

Roznov, Czechia
IGBT, Diodes

Shenzhen, China

PIM
»——
S F——
I —
Gresham, USA ’ { AP N
) ON Vietham
IPM, TMPIM

Drivers

Mountain Top, USA d
MOSFETs ‘
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Complete Si & SiC Portfolio

Comprehensive Portfolio of Leading Edge Silicon and SiC Devices

IGBT sic
650V, 750V — == 650V, 1200V, 1700V Diodes
1000V, 1200V, 1700V* 650V*, 750V*, 900V, 1200V,
FS3, FS4, FSII, UFS 1700V* MOSFETs
Diodes SJ MOSFET
650V, 1000V, 1200V, 1600V _ — 2L B
Stealth, HyperFast, UltraFast, SuperFET 3 _
FSIl, FSlIl Easy, Fast, Fast Recovery Diode

Passive Components (out-sourced)
Thermistors, Ceramic capacitors, Resistors

* Under development
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Review of Packages
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Gel-filled Modules: Available Packages

F1

1.2 mm press-fit pins
Solder pins

With TIM/no TIM

1.2 mm press-fit pins
1.6 mm press-fit pins
Solder pins

With TIM/no TIM

1.2 mm press-fit pins
Solder pins

With TIM/no TIM

1.2 mm press-fit pins
1.6mm press-fit pins
Solder pins

With TIM/no TIM

with base
plate

1.6 mm press-fit pins
Solder pins

With TIM/no TIM
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Solar Inverter
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Application Example: Solar Inverters - 1 phase

POWGF Levels. 4kW _ 8kW Interleaved Boost Circuit
Pt
STRINGL —e—/ Y Y Y\ >
bl
Solar Panels Boost DC Bus Filter Inductors Power to
connected Inductors Capacitor and Capacitors  Electricity Grid sTRiNG2 —e—/"Y Y Y * P—¢—— vic
in series 1
| I[} e
GND g T GND
Y'Y _ L
| L L _ _
L] T e >N Interleaving helps to reduce capacitor
ripple current and inductor size
Isolated Gate Isolated Gate
Drivers Drivers .
Inductor size can be reduced further by

higher switching frequency

Capacitor ripple current influences capacitor
size and/or cost. Higher switching frequency
reduces ripple current
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H6.5 Module Family; single phase residential inverter

« High-speed FS4 50A/650V and 75A/650V IGBT « Easier mounting with higher reliability than 7 5 25,8
versions with discrete solutions DC-

+ 50A/650V Stealth Diodes + Better efficiency than competitor solution T

« Built-in NTC

Specifications
3-channel T-type components Configuration

NXH50M65L4Q1SG 50A/650V IGBT, 50A/650V Stealth Diode no TIM, Solder Pins
NXH75M65L4Q1SG 75A/650V IGBT, 50A/650V Stealth Diode no TIM, Solder Pins

Applications End products

¢ Solar Inverter « Solar Inverter

- UPS o M

. W d =
Energy Storage . ¢y &
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Application Example: Solar Inverters - 3 phase - 1100V input
Power Levels: 15kW to 200kW Interleaved Boost Cireult

P
STRINGL —e—/ Y Y Y\ >

Solar Panels Boost DC Bus Filter Inductors Power to
connected Inductors Capacitors and Capacitors  Electricity Grid

b
in series STRNG2 —e— Y Y Y\ - e vOC
Y . voc/2
T » L1 &} (} }:—

| Isolated Gate h GND T GND
— Drivers
ol Gtz : e — > Interleaving helps to reduce capacitor
e = | i ripple current and inductor size
] Isolated Gate E

Drivers

Inductor size can be reduced further by

= E! e - higher switching frequency
" 1 N

rolated oate 30 Bied Gato Capacitor ripple current influences capacitor
size and/or cost. Higher switching frequency
reduces ripple current

kl?, 4/27/2021 Public Information w




Boost Module Block Diagrams

Boost with Boost with Boost with
IGBT + Si Diode IGBT + SiC Diode SiC MOSFET + SiC Diode
7.8 5,6,15,16 13,14 7,8 5,6,15,16 13,14

7,8 5,6,15,16 13,14

Bypass
Bypass

9,10 o——4 1112 00—+ 9,10 o———4¢ 11,12 0——# SN u e
9,10 © 11,12 o0———4 QOBOOST &
IGBT IGBT IGBT IGBT sic sic A \
( ( MOSFET | — — | mosFer SO
1 o—, 20 o_l 1 o_, 20 o_l 1 e, | et
21 2 3 o | s
NTC
20— & 19 NTC Jo—4 19 -
34 O o 3,4 © O 20—————¢ 19 o——o¢
' 17,18 17,18 34 0 o
17,18

Faster switching
Lower module losses

Higher module cost —

Lower cost inductor/capacitor
More compact end product
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2 & 3 Channel SiC Hybrid & Full SiC Boost Module Family

* 2 channel boost module family « Easy mounting
« 50A/1200V IGBT + SiC Diode + Better efficiency than competitor product e 21628 13(')14
* 40 mohm/1200V SiC MOSFET + SiC Diode + Range of pin compatible SiC hybrid and Bypass Bypass
« 80 mohm/1200V SiC MOSFET + SiC Diode full SiC options _—
* 3 channel boost module (different pinouts)
* 40 mohm/1200V SiC MOSFET + SiC Diode S e
- B0A/1200V IGBT, 20A SiC Diode Diode f A e
Specifications
; 9,10 O———¢ 11,12 O——9
Dual Boost Components Pins and TIM
NXH100B120H3Q0 2 channel 50A/1200V IGBT, 20A/1200V SiC Diode Solder, Press-Fit, g e [T wn =
TIM Option e | et
NXH40B120MNQOSNG 2 channel 40m£/1200V SiC MOSFET, 40A SiC Diode Solder pins, -
i 2 19
NXHSOB120MNQOSNG 2 channel 80mQ/1200V SiC MOSFET, 20A SiC Diode Niplated DBC 34 0 1 —o— |
NXH40B120MNQ1SNG 3 channel 40m£/1200V SiC MOSFET, 40A SiC Diode ’
NXH240B120H3Q1PG 3 channel 60A/1200V IGBT, 20A/1200V SiC Diode Press-fit pins
« Industrial Applications « Solar Inverter iRy it
. UPS QOBOOST Sl e it Q1 Wt L As
31'11 “0 A & .y ~
- Energy Storage > A . “" tle’ d
- \ = ’ \(?\‘ j‘t i ‘b
s \
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T-Type NPC Module Block Diagrams

QOPACK

15, 160

Higher Power
Larger Size

—08, 9,10, 11

i} 19 20

NTC

3,40

Lower Power
Smaller Size
1 module replaces 3 modules

>

4/27/2021

>

QIPACK

SCHEMATIC
17(,:18,19,20 .
ok Higher Power
SPeLUIE X Larger Size
220——
D2 06
15616 I_H_ > 23,24,%5.26
T2 10 9
XA A
TC.B %7 i 27.28.209,50

D3 A Ds
1014 D4l 41 12
3456 2 NTC

b b
A F o 3065 e ¥ 05 3569 ol F P9

12,43 DC+
1DC+

4361
44E1 o— 37€5 —] 36 E9 o—
3062 ¢ o E1
P
2 7
24GND e v = Outt 41,42
o D3 23 G'_i 24
S5E3° °G33 L ..
8,10 GND o Out2 39,40
D7 22 6111 Ez:n
9ET 1_67 1 Do Q1-3TN PC
14,16 GND ati_| 29 Out3 33,34
i D11
17
E1q GN18
Q4 asf, ai2
2864 L 2608 ol T8 204 DR e
27E4 25E8 19E4
7 DC- 1232
18 DC-
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T-Type NPC Module Family

« Full range of power levels in QO, Q1 and Q2 package « Easy mounting
+ IGBT versions for medium power levels + Better efficiency than competitor product 1516
« SiC Hybrid version in Q2 package for high power levels  + Supports reactive power ° _
. Built-in NTC (GBTs & Diodes
1200V/80A ﬂoTj D1
Specifications 18 04
D2 D3
it - 5,14 8,9,10,11
Pins and TIM —
T2} [
NXH80T120L2Q0S2/P2 80A/1200V IGBT, 50A/650V IGBT T-Type NPC Solder, Press-Fit, 76 1312
NXH80T120L3Q0S2/P2 80A/1200V IGBT, 50A/650V IGBT T-Type NPC TIM Option 1G5 & Diodes }
B600V/50A Zoﬂlﬁ D4
NXH160T120L20Q1 160A/1200V IGBT, 100A/600V IGBT Split T-Type NPC Solder, Press-Fit, 1o
No TIM a4 19 20
> NTC

NXH160T120L2Q2F2S1G 160A/1200V IGBT, 100A/650V IGBT Split T-Type NPC Solder, No TIM

NXH200T120H3Q2F2SG 200A/1200V IGBT, 100A/650V IGBT Split T-Type NPC Solder, No TIM
with SiC diodes

Figure 1. Schematic Diagram

T-Type in QO Package

* Solar Inverter i
. UPS Al ST -iNG
* Energy Storage

ar i

e . %® & l’;,u.'ﬂ :
Q2PACK 'QL; .‘ gt

= o
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100kW SiC Hybrid T-NPC Performance

. Ve 800, Ve 230Vrms, Py 80 kVA, F, 20kHz, Tc 100°C

_____“_ ________________ m Diode: HB Prec
r
I e ——— HJF--- . 250.00 m Diode: HB Pcon
|
| | _— HALF BRIDGE o1 IGET: NP Poff
[ os 560" e Sl
| T NEUTRAL POINT 200
| | INVERSEDIODE D2 o5 - m IGET: NP Pon
| =
| st 7 15000 = IGBT: NP Pcon
3 :
— m Diode: NP Prec
£ 10000
& m Diode: NP Pcon
50.00 m IGET: HB Poff
0.00 u IGET: HE Pon
- 160A : 200A ver. 160A ver. 200A ver.
s u IGBT: HB Pcon
© PF=1 PF=0.8
D8
L HALF BRIDGE 150.0
FREEWHEEL DIODE
140.0
53 54 130.0
y —
NTC kgjn — mIGBT: HB - Junc. Temp. [Deg.C]
11-16 % m Diode: NP - Junc. Temp. [Deg.C]
B 1100 = IGBT: NP - Junc. Temp. [DegC)
e
100.0 m Diode: HB - Junc. Temp. [Deg C]
Performance improvement with 650V SiC Diodes
90.0
80.0
160A ver. 200A ver. 160A ver. 200A ver.
PF=1 PF=0.8
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3 Channel T-Type NPC Module Family

+ High-speed FSII/UFS 40A/1200V IGBT « Easy mounting
+ High-speed 25A/650V IGBT + 15% higher power in solar inverter or UPS
« Built-in NTC » Supports reactive power

12,13 DC+
1 DC+
D1 D5 D9
Specifications iy ?J._ es — 3oE9 —
30 G2
Product 3-channel T-type components Pins and TIM MND = Outt 41,42
I o

06T 7.5
NXH25T120L20Q1 35A/1200V IGBT, 30A/650V IGBT Solder, Press-Fit, TIM Option O cssililate @‘G_BLLI Gutz 36,48
b7 226105 5
NXH40T120L30Q1 40A/1200V IGBT, 40A/650V IGBT Solder, Press-Fit, TIM Option . T ﬁ* .
14,16 GND R & | .out33334
7 l_G1‘| 15D11

E11

a2

Q4 Qs 5
28 G4 D4 26 G8 8 20 G4 DJK} D12 " T3
27 E4 25E8 19 E4 o—p
T232

6,7 DC-
18 DC-

¢ Solar Inverter « Solar Inverter

« UPS
- Q1-3TNPC

* Energy Storage
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10-20kW - Q1Pack 3-ph TNPC NXHAOT120L3Q15G

12,13 DC+ o P System Conditions & Performance :
1DC+ o System Performance at the Con Power:|6667
as a8 In/Out Conditions Component s Loss [W][Oty.[EA]| Sum [V]
o 3865 ol § 05 3569 J':'} De Input Voltage 850 | V] High-frea. Switch (TF) | 32.05 | 2 B4.11
37 E5 o—1 36 E9 Output Voltage 230 | [Vac) Low-freq. Switch (TL) .51 2 13.02
Output Power 6667 | (1) - Freewheeling Diode (FD)| 15.86 2 31.72
Switching Frequenc 16 | [kHz] | Diode for Reac. Power (| 0.00 i 0.00
2,4 GND ¢ o Out1 41,42 Line Frequency 50 | [Hz] Inductor 0.00 I 0.00
23G6 ¢ o0 Ot hers 0.00 | - 0.00
_ - Sum [¥] 108.85
8,10 GND o - Q6 o Out2 38,40 Calculated Efficiency 98.394X
D7 P Detailed Loss and Thermal Performance of Main Devices (TF, TL, FD, RD) for only each 'One’
9E7 !'_G?'ﬂ
14,16 GND o o Out3 33,34 Details for Loss (TF, RD, TL, FD) fmbient Temp. [Deg.C] 90.0
Yalue Heat-sink Temp. [Deg.C] 90.0
TF _Conduction Loss [W] 15.03 TF - Case Temp. [Deg.C] 90.0
TF _Turn-on Loss [¥] 4.97 TF - Junc. Temp. [Deg.C] 128.5
Q4 Q8 Q12 TF _Turn-off Loss [W] 12.06 RD - Case Temp. [Deg.C] 90.0
28 G4 OJI:}N 26 G8 OJI:}[; 20 G4 ,JI:}D‘IZ T3 RD_Conduction Loss [W](Reactive| 0.00 RD - Junc. Temp. [Deg.C] 80.0
27 E4 o—o 25 E8 o—Ff 19 E4 o { RD_Reverse Recovery Loss [W] 0.00 TL - Case Temp. [Deg.C] 80.00
6,7 DC- o T232 TL_Conduction Loss [WI[ f.51 TL - Junc. Temp. [Deg.C] 102.04
18 DC- TL _Conduction Loss [W] (Reactivw{ 0.00 FD - Case Temp. [Deg.C] 90.00
TL_Turn-on Loss [¥] (Reactive) 0.00 FD - Junc. Temp. [Deg.C] 119.78
TL _Turn-off Loss [W] (Reactive)| 0.00
FD _Conduction Loss [W] 12.39
FD_Conduction Loss [W] (Reactive) 0.00
FD_Reverse Recovery Loss [W] 3.28
Sum [W] 54.24
Total for one-phase TNPC 108. 47
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Decentralized Utility Inverter Modules - 1100V Input

* Family for 1100V Decentralized Inverters + Better efficiency than 900V SiC based
* 1000V 60A 3-channel Boost solutions because of high performance
* 650V 450A I-type NPC 1000V IGBT and diode technology 21, 228v81 1618 BUS

19, 20 BSTH

e Thermistor

See separate slide for 1500V Input Solar Inverter Family
o

19,12,14 BUSHT oo |

88,7 BUSNZ

Specifications

NXH450N65L4Q2 Single 650V 450A I-type NPC Solder, Press-Fit,
No TIM

1=4 BUS=

NXH240B120H3Q1PG 3 channel 60A/1200V IGBT, 20A/1200V SiC Diode Press-fit pins

Applications End products Package
« Decentralized Solar Inverters « Solar Inverter

it 2
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Application Example: Solar Inverters - 3 phase - 1500V input
POWGF Leve|S: 150kW tO 250kW Symmetric Boost Circuit

o Pt -
BYS D l
Solar Panels Boost DC Bus Filter Inductors Power to o |
connected Inductors Capacitors and Capacitors  Electricity Grid
in series

fEYEYEYaN . > L1 Ex2

J_ <
¢
BYS-x o l
o o ¢ O DC-x
D

24
Isolated Gate Channel #1
Drivers |

Channel #2

| Channel #3

T Flying Capacitor Boost

|solated Gate

{} B Drivers - = B
BYS L L
Isolated Gate D D4 | m
Drivers — EST ’ - I - o D+
_— Y YY) . > L3 QJ” BsC1
o1
|| 6-18 symmetric boost = J— B
stages typically used T BSE2
. N T2 NTCA ]
3 stages fit into Isolated Gate o .J - (DBC-B area) ] |
one Q2 module Drivers B2 NTE2 Isolated Gate
Drivers
oc- - oc-
DBC-A
I DBC-B
[ DBC-C
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Decentralized Utility Inverter Modules - 1500V

« Family for 1500V Decentralized Utility Inverters + Better efficiency than 900V SiC MOSFET |
* 1000V 150A 3-channel Symmetric Boost based solutions because of high -
* 1000V 100A 3-channel Flying capacitor Boost performance 1000V IGBT and diode
* 1000V 350A I-type NPC technology
» SiC Diodes for higher efficiency and power density 12345 DC+
* Thermistor e o
Specifications . e g b
NXH450B100H4Q2F2 3 Channel 1000V 150A Symmetric Boost Solder, Press-Fit, ..J . I 204 °JMI% fos
No TIM ° neE
NXH300B100H4Q2F2 3 Channel 1000V 100A Flying Capacitor Boost bocz 16,17,18,19,20 DC-
NXH350N100H4Q2F2x1 1 Channel 350A 1000V I-type NPC aedbo 5‘:‘15:’ "
NXH400N100H4Q2F2 1 Channel 400A 1000V I-type NPC (Q3 2020) l”“ °‘.',‘§;E‘}‘,
\ DBC-C
Q2BOOST Q2PACK
+ Decentralized Solar Inverters « Solar Inverter

Q2B0OST “ P | Q2PACK
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Q2 3-Level Boost for 1500V System

Name Description Q'ty/Module
Tx1,Tx2 | FS4 1000V/75A, High Speed 12
Dx1,Dx2 | 1600V/35A, Protection diode 6
Dx5,Dx6 | 1600V/35A, By-pass diode 6
Dx3,Dx4 | 1200V/10A, SiC Diode 18
NTC 22kohm, 5% (size 2012) 1

o P
BYS+x Dx5
(o, ’ P}——0 DC+x
IN+x Dx3
Tx1
| Dx1
Gx1
Ex1 O ODCNXx
Tx2
Ex2 Gx2 oJ Dx2
O—
IN-x
(o
Dx4
BYS-x
O i< —O DC-x
Dx6
Channel #1
Channel #2
Channel #3
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Loss Simulation at 29 kW per Channel

Boost Module Working Condition (per Channel)
Vin = 830V

Vout = 1170V, or 1300V

lin = 35A per channel

Fsw = 16kHz (16~18 kHz)

Inductance = 500 uH

Heatsink = 90 degC

Result: i o ] \
Power (kW)| Vin (V) | Vout(V) |I1G Rth-js/Ti-IGBT (°C) | Rower loss-FWD (W) | DI-Rth-js{Ti-FWD (°C)
29.1 830 1170 0.5 1113 | | 52.9 07 [| 1254
29.1 830 1300 0.5 1160 |/ 47.7 07 \| 1219

» SiC is hotter than IGBT but the its temperature is well below Tjmax.
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Q2 3-Level I-Type NPC for 1500V System

Name NXH350N100H4Q2F2P1G Q'ty/Module
T1,T4 FS4 1000V/75A, Middle Speed 10
12345DC T2,T3 FS4 1000V/100A, Middle Speed 8
m D1,02,D3,D4 1000V/75A, Diode 8
24 G1 o—JK} D1
ps 23E1o— D5,D6 1200V/20A, SiC Diode 10
6,7,8,9,10 N1 —— SP 28
T2
106 D—JK} D2 NTC 22kohm, 5% (size 2012) 1
NTe [oNTene o °—-—° Ph1 34,35,36,37,38 DBC Al203
{ i Ph2 29,30,31,32,33
T3
2563 o—Jla, F D3
e 26 E3 o—]
11,12,13,14,15 N2 . - SN 27
22G4 o—JK} B4
21E4 o— Name NXH400N100H4Q2F2 Q'ty/Module
16,17,18,19,20 DC-

T1,T4 FS4 1000V/100A, Middle Speed 8
T2,T3 FS4 1000V/100A, Middle Speed 8
D1,D2,D3,D4 | 1000V/75A, Diode 8
D5,D6 1200V/20A, SiC Diode 10
NTC 22kohm, 5% (size 2012) 1

DBC SisNs
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220 kW - NXH350N100H4Q2F2P1G/S1G

P System Conditions & Performance - System Performance at the Condit| Power: ({73333
In/Out Conditions Companents Loss [W] |Gty [EAT | Sum [W]
Input DC 1200V Tt Valtass 200 1TV High-frea. Switch (TF) EXIE 39757
SWItChlng frequency 16'2 kHZ futput Power 73333 ['l.l'ﬂu] Freewheel ing Diode (FD:‘ ?6.18 2 52.36
Switching Freauency | 16.2 | [kHz] ==7 [Diode for Reac. Power (RD]  0.00 4 0.00
Output AC L-to-L 800V Live Fremmency TS Inductor 0.0 | 0.00
Power Factor 1 Others u.0d - 0.00
Power per channel 73 kVA Sua [¥] 651.88
Calculated Efficiency 99.119%
ac inductor 65 uH
H (o]
MaX heatS|nk temperatu re 90 C P Detailed Loss and Thermal Performance of Main Devices (TF, TL, FD, RD) for only each 'One’
SVPWM Details for Loss (TF, RD, TL, FD) Vol
Walve ;
dmbient Temp. [Degz.(] 50.0
TF_Conductjon Loss [V] 89.72 HZaEZinke$:mp ?[feg Cl 50.0
' |Rthjh Rthjc TF_Torr-on Loss (1] 52 [ Gace Taw e i
TF_Turnoff Loss [H] 839 [F - Junc. Temp. [Dee.C] [ Eie |
IGBT TF (Tl) 0.21 oC/W 0.12 oC/W RO _Conduction Loss [W]iReact ive) 0.00 R0 - Case Tenp. [Dez.C] il
RU_Reverse Recovery Loss [W] 0.00 D - Junc. Temp. Dez.Cl 0.0
Diode FD (D6)  0.42°C/W  0.29 °C/W T Conchction Lose W | 10932 i ase Tenp. [Dee-0] a0..10
TL_Conduction Loss [W] (Reactive 0.00 L~ Junc. Temp. [Dez.o] 113,76
IGBT TL (T2) 0.23 OC/W 0.13 OC/W TL_Turn-on Loss [W] (Reactive) 0.00 FD - Case Temp. [Dez.C] 0.0
" " TL_Turn-off Loss [W] (Reactive) 0.00 - J
unc. Temp. [Dez.C] 101.73
FD_Conduction Loss [W] 22.75
Diode RD (D1) 0.39°C/W  0.25°C/W FD_Conduction Loss [W] (Reactive) 0.00
FD_Reverse Recovery Loss [W] 3.43
Sum [W] 325.94
Total for one-phase INPC 651.87775

O Higher output power can be achieved with higher output voltage

 Outer IGBT is the hottest in most cases
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255 kW - NXH400N100H4Q2F2

P System Conditions & Performance - System Performance at the Condit| Power:|G5000
Infmt Conditions Camponents Loss [Illll] Gt}"[Eﬂu] SLm [IIIII:I
InPUt DC 12OOV Input Yoltags 1200 [v] High-freq. Switch (TF) 23501 2 A70 .02
g g Cutput 'U'DHELEE AR ['u'a;:] LD'.'.'-fI’EGI- Bwitch ':TL:' 126.31 2 202 .62
SWItChlng frequenCy 16.2 kHZ Cutput Fower as000 [lulg] Freewhes | ing [iode (FD:' 3% .68 2 R5 .36
OUtpUt AC L-to-L 800V Switching Freguency | 18.2 | [khHz] ==7 [Diode for Reac. Poyer (RD 0.00 4 0.00
Line Framency A [Hz] Induct or 000 1 000
Power Factor 1 M hers 0.0o0 - 0.00
Power per channel 85 kVA e 1T =580
ac indUCtor 65 UH Calculated Efficiency 99.081%
Max heatsink temperature 90 °C
SVPWM P Detailed Loss and Thermal Performance of Main Devices (TF, TL, FD, RDY) for only each 'One’
Details for Loss (TF, RD, TL, FD) val
¥alue mnbient Tenp. [Dez.C 53
. . - mhient Temp. [Deg. .
_ Rthjh Rthjc 1?%::?5:325?8[;] W] lzgzi Heat-cink Temp. [Dez.C] q0.0
= - TF - @ Tenp. [Deg.C .0
IGBTTF (T1) ~ 0.17°C/W  0.072°C/W TF _Turn-of Loss (1] e T T ol
RD_Conduction Loss [W](React ive) 0.00 RD - Case Temp. [Deg.Cl 0.0
Diode FD (D6) 0.36 oC/W 0.237 0C/W R0 _Reverse Recovery Loss [W] 0.00 "D = Junc. Tenp. Dez.Cl a0.0
TL_Conduction Loss [W] 126.31 TL - Case Temp. [Dez.C] o000
IGBT TL (T2) 0.18 °C/W  0.078 °C/W TL_Conduction Loss [W] (Reactive 0.00 TL = Junc. Tenp. Dez.Cl 650
TL_Turr-on Loss [W] (Reactive) 0.00 FD - GCase Tenp. [Dez.Cl o000
Diode RD (D1) 0.32°C/W  0.152 °C/W TL_Turn-off Loss [W] (Reactive) 000 Fp = Junc. Teme. [Dee.Gl 101.76
FD_Conduction Loss [W] 28.98
FD_Conduction Loss [W] (Reactive) 0.00
FO_Reverse Recovery Loss [W] 3.70
Sum [W1] 394.00

Total for one-phase INPC

SisN4 decrease Rthjc which allows generating more power
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PIM Solar Product Roadmap

/ = Full sic
Q2BOOST Q2BOOST | Q2BOOST
*custom 450A, 3-CH 300A, 3-CH
F2 BOOST |

‘ Q2PACK

Q2pAck L_INPC, 225A

200A, 2-CH |

Q2PACK
*custom

O
o
=
o
o
LO
i

Q2PACK
INPC, 350A INPC, 400A

3 Si3N4 DBC

| Q3DualHB
] 600A

L

'
'
'
'
L
i

Q1B00OST @  QOBOOST ! F2 BOOST 160A, 1-CH |
3 240A, 3-CH 3 40mQ, 2-CH 3
' i | H H : i
B 100A, 2-CH 80mQ, 2-CH Q2PACK §

F5 2-level BOOST
3 or 4-CH
Hybrid

QOBOOST
80A, 2-CH

QOPACK
TNPC 80A

Q2PACK Q1PACK QOPACK Q1BOOST * INPC 450A
TNPC 160A | TNPC 160A TNPC 100A | 40mQ, 3-CH 175C Timax__§

Q2PACK Q2PACK Q1PACK
B INPC, 4504 TNPC 200A | H6.5 50 &75A
| F2 BOOST 27mQ, 1-CH ‘M F2 Heric 75A |

120A, 3-CH
o

2018 2019 2020 2021 2022

1100Vdc
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Full SiC PIMs
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Industrial Full SiC PIMs

Key:
Module/ | F2 F2 F2 F1 QO 27 m  Released
Voltage | Half Full Six Pack Full 10 mQ* Samples
Bridge | Bridge Bridge built on
request

N 60 mQ In Design
12 mQ 10 mQ*
18V - 20V 60 mC2 Roadmap
Gate Drive 20mQ |20mQ  20mQ* 40A
40mQ [40mQ 40 mQ* 20A 40 mQ
1200V/900V
Technology
900V 10 mQ* Qualification
15V - 18V 20mQ 20 mQ Complete
Gate Drive 30 mQ 30 mQ
650V/ 8 mQ
1= ay 15mQ 15 mQ
Gate Drive 25mQ 25 mQ

E Confidential w

-



Module pinouts

F1 Half Bridge F1 Full Bridge F2 Half Bridge
Same pinout
All power levels ®
[o%d > e o SOOe00
@’ @ Lﬁjpk»Juaﬂyw&%J Stelettetetaletetetetelete
4 O@@QUUU@@MU e 9 9 8 2 9 " 0 00 e
@ ¢ ¢ U VU&J&JQQV O DD CIDIeI0IC
@©@+ @ U UUUU\J -oc. . 0 e e
= @ UUM@UU\J L) .o.ocuuco'
@ 000 @O©O00@ROOOO Jelelat tatetatetalet telalets
00 & U@MUUUQQQW 2 e 9 8 2 8 " 9 0 @ . e 9 @
©80000e00E®

DC+ o———— DC+ 0 ’ 0 DC+ DC+o————
a1 Q1
— —
et o I o I | et
o OJ nll G1 G3 o nll

s1 o—e S3 0——¢
AC1 AC2
——©O PHASE —0 —0 PHASE
| m—} G2 oJE G4 OJE ’ . |
G2 G2
S2 0———¢ S4 0

T2 TH1  TH2

DC- © O DC- DC-
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6mohm 1200V Half Bridge Module Summary

33
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Features PACKAGE PICTURE
e 6mohm/1200V SiC MOSFET half-bridge .y

*  Thermistor

®  Options with pre—applied thermal interface material (TIM) and
without pre-applied TIM

®  Options with solderable pins and press—fit pins
Typical Applications
- Solar Inverter

Uninterruptible Power Supplies

L ]
#  Electric Vehicle Charging Stations MAREING DIAGRAM
*  Indusirial Power

[ - S— Zpacific Davica Coda
WYWW - Yaar and Work Waak Coda

O
o MPHALSE

a1
f— PIN CONMNECTIONS
OJ o —
Gl —
51

a2

T3

Glo

51 0——e WTC
be- o T—ww-T

See Pin Function Description for pin names
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6mohm 1200V Half Bridge Module Summary

ELECTRICAL CHARACTERISTICS
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T.= 25 "C unless otherwise noted

| Parameter | Test conaiions [symoot] min [ typ | max | ume |
SIC MOSFET CHARACTERISTICS
Drain-Source Breakdown Voltage Vos =0V, lo=250 pA Vemoss | 1200 - - v
Zaro Gate Voltage Drain Current Vez =0V, V= 1200V lp=s - 10 300 WA
) ) Vaz =20V, Ip=200A, T)=25°C - 5.48 g
Crrain-Source On Resistance Rosion mhm
Vaz =20V, Ip=200A, T) =150°C - 71 -
Gate-Source Thresheld Voltage Viaz =V lo=80mA Vasm 1.8 283 4.3 v
Gate Leakags Current Vigz =-10720 W, Vg =0V lasg -1000 - 1000
Forward Transconductanos Vo= 10V, Io= 200 A OFs 14 8
Ird=rnal Gate Resistance Ra - ohm
Input Capacitance Cizs - BeET -
Rewverse Transfer Capacitance Vpe = BOOV. Vez= 0V, = 1 MHz Crzs - 49 - pF
Cutput Capacitance Cres - 1082 -
Ciss Stored Energy Voe=0V o B0OV. Vez=0V. Eoes - 348 - ]
Total Gate Charge Clarotan - B47 - nGC
Gate-Source Charge Vo =B00OV. Ves=20V. Ip= 200A. Qas - 2 - nGC
Gate-Drain Charge Qe - 195 - nGC
Turn-on Delay Time Lo - 54 -
Riza Time k - 21 -
ns
Turn-off Delay Time T, =25°C faiom - 174 -
Voe= 600V, In=200A
Fall Ti - 22 -
- Vgz= 185V, Rg= 1.80 i
Turn-on Switching Loss per Pulse Eox - 21 - m
Turn off Switching Loss per Pulse Ecer - 275 -
Turn-on Delay Time [ — - 48 -
Riza Time & - 1] _
ns
Turn-off Delay Time T, = 150°C - 196 -
Fall Time Vo= 600V, In=200A 1 _ 29 _
Voz=-5W20V, Re=180
Turn-on Switching Loss par Pulse = - 23 - m
Turn off Switching Loss per Pulse Ecer - 293 -
) In= 200A,T) =25"°C - 4.0 [
Diode Forward Voltage Vap v
lp= 200A, Ty =150 °C - 36 -
Thermal Resistance - chip-to-case Rruc - .10 - oW
Tharmal Resistance - chip-to-heatsink Pre-applied TIM version Paus - 015 - oW
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Module Design In Support
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Tools for Customer Design-In

1D Tiase [ Ay
smmosfet1200_80m_T0247_5P-5 /T‘I‘“\% F; L
J\ | Igilzs ( ;: Cc1 R3.
00 L1 n A —100m IC=600 eooﬁ
PS P I C E m Od e I Of m Od u I e (\ */‘\,V.1 r(” u2 ’/%‘ %ﬁiﬂ\{temp)
Parasitics estimated before build, then updated srussmosmammsnon | -

STEP file for module
DBC with die positioning for thermal simulation

We can assess Rth and losses using ANSYS simulation
(with simple boundary conditions)
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Module Development and Support

Simulation Selection
Description Target BOM Pcs
Vin (V) | Vout(V) |Freq(kHz)|Power losss -IGBT (W) Tx1,Tx2 FS4 1000V/75A, High Speed 2
850 1170 16 36.6
850 1300 16 418 Dx1,Dx2 1600V/35A, Protection diode 2
850 1170 20 43.6
850 1300 20 49.6 Dx5,Dx6 1600V/35A, By-pass diode 2
850 1170 24 50.6
850 1300 24 57.4
Dx3,Dx4 1200V/10A, SiC Diode 2
NTC 22kohm, 5% (size 2012) 1
Optimization, thermal simulation Prototype and Final implementation

qualification samples

TN
ny -
wti u ] N
‘\“ /| \ ®
{ 1y i ]

I
i N“,f;zﬂps

{8 ot
< W P

End Customer
System
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Physical SPICE models - benefits

Closer matching of simulation

results to actual circuits S N
| | . f£1200 80. T(.)247. 5P. | U @ i) = . .{/?FEEI}PH
. i ion - S RN N
Ther_malsnmula’_uon self s - Mm %
heating effects included S N < A
- 11C=125 . . . . . . . . . . . Lo
 Reverse recovery S I N 1 DR == Toom 16=600600) |
behaviour _ C)Vfl L o SRR n
sicmosfet! 200_80m_TO247_5P ' /A I § VTEMPL
* Effect of parasitics at S R
CerU|t, module and dle : 5 Pulse(-5 20-0 50n 50n 99.9u 100u) B
level | .
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