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The mainstream design of high-power inverter for central PV application could be separated into two cabinet types:
Unity-scale and Large-scale cabinet, which causes the design challenge of power stack and components layout.

higher output power

- Easy maintenance
- Simple cooling system

w Vv U
Unity-scale cabinet v
(0.8kW~1.2MW/ per stack) ‘.‘“‘
‘ I 3-paralleled IGBT system
A - High output power (single cabinet)
N\ | - Flexible layout for components
Inverter / ;

Large-scale cabinet
(2.2MW~2.5MW/ per stack)

Example: Central PV MW system

T Rt s
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To find the stack characteristic under the same cabinet design concept and direction of air-flow, this paper
compared performance between two types of power stacks including component layout, stray inductance and
temperature rise of chip.

Type A: lower heatsink cost Type B: higher power density
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« Triangular IGBTs * One-row IGBTs

« Heat-pipe (HP) heatsink  Loop heat-pipe (LHP) heatsink
Current work: performance verification, Current work: manufacturing, the prototype is
some results are shown in this Paper. demonstrated in Mitsubishi Electric booth.
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Specification (for PV/ESS) Manufacture list
e © IGBT modules: CM1000DX4-24ME, NX package,
JiEin SRecicaion made by Mitsubishi Electric
Topology 3 level (ANPC)
Size (LXW X H) | 1020 X 430 X 900 mm @ Gate driver
(Excluding support parts) Misahaya, Japan = ®) DC laminated busbar

Weight 164 kg m WDI, China [/
Output power 800 kw 3 Heatsink
DC voltage 1500 V B Mersen, France

merseN
AC voltage 660 Vac :

® DC capacitor
Current 716 Arms @ Case BLIKSE“ M Faratronic, China
Paralleled IGBT | No-parallel mBliksen, Taiwan F st 1 B F
Fc 2 5 kHz FARATRONIC
Remarks

@ Inner, AC busbar
mWDI, China WD/

 The power stack is under test stage.

- The technical materials will be release as follow
schedule:

- CAD file and BOM: 2026/2 —
- Electrical and thermal simulation: 2026/5 Current sensor

i
- Test result (DPT, SC, Inverter): 2026/6~ ETamura, Japan TAMURA
©Mitsubishi Electric Corporation 8/24/2026 7
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(@ Air-cooling fan
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Specification (for PV/ESS)

ltem Specification

Topology 3 level (ANPC)

Weight 164 kg

Output power 800 kW

DC voltage 1500 V

AC voltage 660 Vac

Current 716 Arms

Paralleled IGBT No-parallel

Fc 2.5 kHz
Remarks

- The power stack is under manufacturing stage.

- The technical materials will be release as follow
schedule:

- CAD file and BOM: T.B.D
- Electrical and thermal simulation: T.B.D
- Test result (DPT, SC, Inverter): T.B.D

©Mitsubishi Electric Corporation 8/24/2026
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The prototype is demonstrated in Mitsubishi
Electric booth, 2026 PCIM Aisa.

© IGBT modules: CM1000DX4-24ME, NX package,

made by Mitsubishi Electric

(® Heatsink
mHaoli, China

@ DC laminated busbar
® WDI, China WD//

3 DC capacitor

Y : 7 B Faratronic, China

F % AL B F

FARATRONIC

- s
P -

@ Inner, AC busbar
mWDI, China (AR
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Changes for the Better

Type A has the merit in lower heatsink cost and layout flexibility, and Type B excels in high power density and lower

stray inductance (Ls).

Heat-pipe (HP)
Liquid flow

Copper housing

Vapor flow Vapor cavity
e
- } Wick
Heat source
Type A Type B
: Loop heat-pipe (LHP
IGBT placement Triangular One-row g pipe (LHF) W icsioation
Heatsink HP LHP ‘ — (Cooling fins)
IGBTs concentrates V :
TCC between IGBTs Lower Higher " within smaller area apo”‘{
Ls Higher Lower &g Spike voltage could Reflux pipe
be suppressed by r—
Heatsink cost Lower Higher snubber capacitors Vapor flow
Stack size Larger Smaller . _ Wick
- ) The cooling fin of
Layout flexibility Higher Lower LHP should be set Heat source HS baseplate
. _ . above IGBJ® Cooling fins should set above power device
*KTCC: Thermal cross-coupling = |iquid returns wick by gravity in reflux pipe

©Mitsubishi Electric Corporation 8/24/2026
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* In high power appilication, the 3-level topology is usually composed by 2 in 1 power modules with considering

the loss density on chips and heat-dissipation area of IGBT base plate.
» The heatsink selection has highly relative to IGBT placement due to TCC level.

Type B

DC and AC busbar
on the same side

Inner

TN Phase U Phase V Phase W

v T4] E} o Wide heatsink area Smaller heatsink area
| = Lower TCC, but larger size =» Larger TCC, the heatsink with higher
N cooling ability is necessary.

©Mitsubishi Electric Corporation 8/24/2026 1 O
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« Ls reduction among short- and long-commutation loops (SCL and LCL) is key factor of ANPC stack design.
« SCL: Similar to 2 level, spike voltage could be suppressed by snubber capacitors and low Ls design of DC busbar
 LCL: Spike voltage on T2 or T3 is difficult to reduce by snubber = Zero state control (ZSC) is effective method

LS.SCL = L.S',DC bus + L.S'.CI—EZ (1)

~_*=

Decided by Ls of DC busbar and IGBT C1-E2
= \Vith flux canceling effect
= | ow Ls

LS,LCL = ZLS,C‘]-EIEZ + LS,CI—EZ + LS,!HHET bus + LS,DC bus (2)

~F

Dominated by Lg c1-g1c2, the Ls between two-side

Inner busbar terminals of IGBT
N = Without flux canceling effect (Lgc1-g1c2)
Current commutation loop among P-O layer (P-N layer is almost same) = High Ls

©Mitsubishi Electric Corporation 8/24/2026 ‘ 1 1
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Loss and Thermal Simulation
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« Under the similar temperature rise of IGBT chips (about 150°C), it is necessary to use stronger cooling solution

(with higher HTC) under one-row IGBT layout.

Type A

Type B

Triangular layout
HP heatsink

S

One row layout
with LHP heatsink

prrg

‘ .m—mf--'«j

(PF=-1, Ta=45°C)

Assumed Pitch distance 20 mm 10 mm
inverter between IGBTs
design Estimated HTC 1100 W/(m?2+K) 1600 W/(m?2-K)
Heatsink surface
(under IGBT) 512 mm X 358 mm 680 mMm X 208 mm
PV mode Normal . .
(PF=1, Ta=45°C) 150.0°C 150.5°C
115% rated load . o
(PF=1, Ta=22°C) 149.8°C 151.8°C
0,
ESS mode | 100% rated load 1455°C 149 1°C

©Mitsubishi Electric Corporation
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XHTC: Thermal transfer coefficient

PF=1, Power loss on
T1-T4, D5, D6

2

i1l

| | | I
ﬂ |
\ y 1 2 N4 [ [
L 4 “ L4
A A A A \ A7 " A 5 A
o) Ny v v

{

PF=-1, Power loss on
T5,T6, D1-D4

3

—
L e & W

Coolable power loss for each module

Type A: M1/M3 (800 W),

Type B: 900 W for all modules

M2 (1100W~) N
Smaller TCC

12
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« Temperature distribution is related to TCC between IGBTs, which is decide by cooling ability and IGBT placement.

149.1°C 180000

Higher TCC
— Max. Temp. at M3

D1T5F |D6T4
T1 D58 T6 D4

For M2 module
Highet power loss
Lower TCC

— Reducing Temp.

Ticra)-max.
150.5°C

1 -
r \\\
/ ~ J
] %
! -~
I -2
141.5°C
.

For M2 module

eMitsubish Electic Corporaton 8/24/2026 Highet power loss with higher TCC — Max. Temp. at M2 13
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* The V-phase Lg pc hushar &t P-O layer are compared for two type power stacks. Although the Type A busbar brings
29% of Lg ¢, higher than that of Type B, the spike voltage could be suppressed by snubber capacitors.

= |t is also a reasonable design of Type B busbar.

Ls.oc pusbar Of two DC laminated busbars

©Mitsubishi Electric Corporation 8/24/2026 1 4
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 When the polarity of output voltage changes (state between O+ and O-), the current conducts through paths 1-3
or 2-4 with the large inductance Lg -, resulting in high spike voltage on T2 or T3.
= The ZSC is an effective method in suppressing spike voltage

ZSC: T2, T3, T5 and T6 tun-on, path 2 and 3 in parallel

P
(D Reduce turn-off current 2 Turn-off voltage raises from 0 V
State | T1 (T2 | T3 | T4 | TS | T6 Conduction path
— P 1 1 0 0 0 0 1
O+ 0 1 0 0 1 0 2
ZSC | O 1 1 0 1 1 2,3
O- 0 0 1 0 0 1 3
O N | o|lo|1]1]0]o0 4
t Without ZSC With ZSC
| T[T : T1 [T []]] A
T2 | X T2 |
[ I I T3 |
; | qOnom., T [nn
N 4 0 Cooonanmme
Output current >0 A Output current <O A T6 nnnn g 6| MO00n

©Mitsubishi Electric Corporation 8/24/2026
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Experimental Results: Transient switching test
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* Double pulse test (DPT): Spike voltage having 255 V margin from 1200 V IGBT.
« Short circuit (SC) test: Sequence turn-off working to prevent inner IGBTSs.

IGBT modules: CM1000DX4-24ME, NX package

Support
parts

Current sensor

Air-cooling fan

8/24/2026
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DPT: Peak voltage 945 V @ 1287 A (127% rated current)

i Vce (T1)
n

W ) $s00v
; le (T1)

0A, |

500A
1us

SC: Outer IGBT turns off earlier than Inner IGBT — No over-voltage on M2

: Vce (T1)

T 500V

o / e (T2) %ZkA

0A

O\L J/“_\#-—.’.,\__*—— Vge (T2) IZOV
Nae T V\/\/\W

fe—>
2Us 18
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ZSC test: The two reasons make peak spike
voltage of Vg, less than 200 V:

- 50% turn-off current (T2, T3 parallel) Low-load inverter test @ 400 Vpc and 620 A,
d - Turn-off voltage raises from 0 V

N | i i
lo /’““\‘/ 2 / Y /,ﬂ’“\\ ’//””‘\
IcE (12) 04,/ ez TSOOA
OA_> / - IZOOA : ~— '\\\wﬂ__// T g '\‘\\Mw_// - e L
V Von
Y CE (T2) 100V \
A , 1 ov Mtk S i el 3 200V
g - vV Ly "l",““l\ L L1 [ m“l | L“ A hl‘l | i
oV, ___/VeEm) —f A I i
o 20V
e—f
[e—>
1us sms

The testing current of 620 A represents the power stack
operating at rated current and PF=0.7 condition, which covers
the PF range for most central-PV inverter applications.

©Mitsubishi Electric Corporation 8/24/2026 1 9
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This paper proposed a design approach for 3L-ANPC 800 kW power stack based on NX-package
IGBT module by electrical and thermal FEA-assisted, which indicates that NX-package IGBT could
be a suitable solution for 800 kW-class modular inverters for both of central PV and ESS
applications.

Two power stacks with different design concepts (Type A: layout flexibility; Type B: high power
density) were compared from several perspectives including mechanical layout, stray inductance and
temperature rise.

For reducing the spike voltage, the suitable design of DC laminated busbar provides low Lg, ¢, and
the proposed ZSC methodology for ANPC-PWM1 could mitigate the effect caused by large Lg, ¢,
within 200 V.

The Type A power stack was manufactured for verification. The experimental result of DPT indicates a
sufficient voltage margin of 255 V from the rated voltage under 127% rated peak current. The gate
driver with the function of turn-off sequence to provide the SC protection within 5 us. The
aforementioned results show the effectiveness of proposed design approach for power stack.

shi Electric Corporation 8/24/2026 ‘ 21
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Thank you for attention






