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1. Introduction (iﬁﬁneon

The state-of-the-art NPC topology
» Background o How to compose a 3L solution by
— More and more applications prefer to standard half-bridge IGBT module?

3L solution from kinds of purposes
(e.g. higher power rating, higher
efficiency, higher voltage usage...)

i

D1 Iﬂ@ D1
D—/.

— Example: T2 D2 20 & o2
. i D5 TS| D5 °]
— Offshore wind turbine o D .
— 1500V solar inverter — B - B
Dg 13 D3 || ‘ os D3
— IGBT module: . . |
— The most common IGBT power T4| D4 T4| D4
module is in half-bridge topology
for 2L application a) NPC1 b) ANPC
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1. Introduction Tnfineon
New features of ANPC topology P07

» Current conduction paths

NPC1 ANPC

T1>T2>  T1-T2-
>D2-D1  —-D2-D1

+1

>T3-5T4  ->T3-T4
D4->D3->  D4-D3-

a) NPC1 b) ANPC
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1. Introduction (iﬁﬁneon

Optimization targets from ANPC
> More safe »  More efficiency > More power output
— to improve the — to reduce the losses — to balance the power
commutation loop of the whole system loss among switches
and obtain the in order to increase to increase output
minimum parasitic efficiency. power.

inductance. This
helps to reduce the
voltage spike or
suppress switch
oscillation from diode
or IGBT.
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2. The PWM method of ANPC Tnfineon
The method for improving the commutation loop PO AR Z0%0

b) PWM of NPC1 a) loop of ANPC-PWM2 b)) PWM of ANPC-WM_
b
\
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2. The PWM method of ANPC (iﬁﬁneon
The method for improving the commutation loop
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2. The PWM method of ANPC @

The method for total loss reduction P07
ANPC
-D2-D1
T6—>D3-> (New) PWM1-00 PWM2-00
D5-T2- ~ WWW
->T3->D6 T M‘ HHH”— T W
->D2->T5 (New) T2 —MWWIIIIM T2 WMWMMMW
STeoTA T [N R AETLETTOAL
D4-D3- -

oL
BES o AT e TN
| The switching PWM with double current paths in “0”
— state generated from PWM1 and PWM2 respectively

i ‘ _ _ Improvement depends on:
“td' tad: - the modulation index (m)

The theory for using paralleling conduction paths in “0” state ~  the power factor (Cos¢) ‘ =

\
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2. The PWM method of ANPC
The method for balancing power losses

ANPC PWM-DF

T1 [l
T2
173

| T4

([l 15

: : i i T6 | L
a) Modulation signals b) ANPC-PWM-DF
Fig 9. Double-frequency ANPC control

There are equal switching losses between inner switches
and outer switches in the double frequency strategy, and
similar conduction losses if the modulation index is close
to one. Therefore, very similar losses for outer and inner
switches can be achieved with DF ANPC control.
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ANPC PWM-Hybrid

PWM1; PWM2 . PWM1 ; PWM2 .PWM1

i
i

_ ! . T6 | _
a) Modulation signals b) ANPC-PWM-Hybrid
Fig 10. Hybrid PWM strategy for ANPC

ANPC-PWM-ALD

There is an adjustable loss-distribution modulation called
ANPC-PWM-ALD. Essentially, the “stress-out” mode =ANP(-
PWM1 and the “stress-in” mode =ANPC-PWM2, only 2 sl glit
difference in the switching sequences of the zero state.

SN
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3. Prototype and simulation

- set up

Target application and a prototype
concept in a power stack design

Application a Value
conditions RS|G.S
Power rating 3MW
DC-link voltage 1800V
Output voltage 1140V
Modulation index 1.03
Output current 1688A | 1519A
Line frequency 10Hz | 50Hz
Switching frequency 1.5kHz | 2kHz
Power factor -09|+1
Heatsink maximum 85°C

temperature (Liquid)
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FF1800R17IP5 X3

PWM method Commutation  Paralleling Loss
loop paths balancing
1 Classical-NPC1-PWM Uncertain No No
2 ANPC-PWM1 Short No No
3 ANPC-PWM2 Short? No No
4  ANPC-PWM1-00 Short Yes No
5 ANPC-PWM2-00 Short? Yes No
6 ANPC-PWM-DF Uncertain No Yes
7 ANPC-PWM-Hybrid Uncertain No Yes
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3. Prototype and simulation Tnfineon
- Power losses comparisons P07

Rectifier mode (cos¢=-0.9)

Classical-NPC1-PWMO § AN I 44673W 99.107%
ANPC-PWM1 g | _ 44472W  99.111% 71
ANPC-PWM2 | | 77N [ 24847W  99.103% Peon Pon Pogt 0 o1
F o ) C_J
ANPC-PWM1-00 [ | : E 4216.5W  99.157% T1/T4 .%& i
ANPC-PWM2-00 W/7Z/AX WM 5505w 90088% /g o How @ oo
ANPC-PWM-DF  § W7 W70 s3053w  99.121% 77N o
ANPC-PWM-Hybrid02 | L7\ —— el D —
D2/D3
0 500 1000 1500 2000 2500 3000 3500 4000 4500 I§J D3
T5/T6 . / \ @%
D5/D6 1 :
Inverter mode (cos¢=1) : T4) 04
Classical-Npc1-Pwivo [ 4599.8W 99.080%  Rcc-ee
anec-pwvl 4599.8W  99.080%
anpcrwm2 777NNl 46196W  99.076%

anec-pwMvi-00 [ 4453.4W  99.109%
anec-pwMv22-00 [ 1 45297W  99.094%
ANec-PWM-OF 2 B 45384W  99.092%
ANpC-Pw-Hybrid12 AN Il 45225W  99.006%

0 500 1000 1500 2000 2500 3000 3500 4000 4500
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3. Prototype and simulation
- Junction temperature comparisons
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Rectifier mode (cos@=-0.9) 8 100 115 130 145 160 175-

Classical-NPC1-PWMO
ANPC-PWM1
ANPC-PWM2

ANPC-PWM1-00
ANPC-PWM2-00
ANPC-PWM-DF
ANPC-PWM-Hybrid02

I e ——
BN
B | = D1/D4
N .
= D2/D3
e aT5/T6
—_———————————— uD5ID6
e
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3. Prototype and simulation Tnfineon

- Junction temperature comparisons vy
Ti Q) Rectifier mode(10Hz, -0.9) Ti ] Inverter mode(50Hz, +1.0)
175 175
165 165
155 155 /\/\/\/\/\
145 145 7a FSw TN Pa s e
VAN N W N
135 135
125 125 _/\./\/\/\/\
119 — D1/D4-NPC1 119
- — T1/T4-NPC1
105 —— D2/D3-NPC1 105 — T2IT3-NPC1
o5 - - - D1/D4-ANPC 95 - - - T1/T4-ANPC
- -~ ~ D2/D3-ANPC t[s] - - - T2/T3-ANPC t[s]
85 85
0.9 0.92 0.94 0.96 0.98 1 0.9 0.92 0.94 0.96 0.98 1
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4. Conclusion

>
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ANPC is a more flexible topology than NPC1, and has special features to
Improve the converter performance, and it could maximize the utilization of
standard half-bridge IGBT modules.

Seven PWM modulation methods are analyzed for different purposes.

— ANPC-PWML1 is the simplest method for avoiding long commutation loops

— ANPC-PWM1-00 is the best method for improving system efficiency both in the
rectifier mode or inverter mode.

— ANPC-PWM-Hybrid will reduce the maximum junction temperature, or to
increase the system output capability.

High junction temperature ripple would cause lifetime issue of the power

modules against cycling loads, therefore copper bond-wire joint technology is the
best solution for addressing this challenge.
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