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> Renewable energy source(PV & Wind):
volatility and large-scale access

Energy Storage System

> Reduce power fluctuations
> Improve power quality

> Reduce the impact of renewable energy on grid
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PCS topology: two level

Output power: Pouyt 200kwW ? ?
Switching frequency: fsw 16kHz J#_IF_T Jg_lpj- Jgg
DC voltage: Voc 1340V
AC voltage: Vac 690V T

» Conventional topology
> Power device faces high voltage request




PCS topology: three level

Output power: Pout 200kw 1 L 3R
Switching frequency: fsw 16kHz [ & 43 & A = 2 T
DC voltage: Voc 1340V x Y A =
AC voltage: Vac 690V T T R '313

> Operate with higher voltage

> Reduce the volume and cost
of magnetic elements in higher
frequency

> Harmonics can be optimized
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PCS Topology

Advantage  Disadvantage

Simple control High voltage
Two level converters Less stress NPC2

component High harmonics ‘

NPC1 Low voltage
- Complex control
Three level NpC2 stress

converters ——— Low More t
ANPC  harmonics componen ~

NPC1
ANPC
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PCS Modulation Method

* Reduce the switching loss by decreasing the
switching actions

« Typical modulation method + SVPWM can improve the DC voltage
utilization

* V¢ is the AC line-voltage for
three phase system and V. is the
DC bus voltage
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Module Solution and Comparison

Topolo Package Parallel

— 2KV SiC MOSFET pology g condition
Power — FF6MR20W2M1H B70 Half-bridge Easy2B 2 in parallel
(W] F3L400R10W3S7_C25 NPC1 Easy3B No parallel
10M F3L225R12W3H3 B11 NPC1 Easy3B 2 in parallel
F3LAMR12W3M1H B11 ANPC Easy3B 2 in parallel

1M
I si Ml sic [ GaN

100k

*PV = photovoltaic inverter
**OBC = on-board charger

Breakdown Electron Thermal Electron drift
field mobility conductivity velocity
[MV/cm] [cm2/V:s] [W/cm:K] [107 cm/s]

Bandgap

10k [eV]

1k

v

1k 10k 100k M 10M Freque[r:lcy]
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Module Solution and Comparison

Topolo Package Parallel

— 1.2kV SiC MOSFET pology g condition
Power FF6MR20W2M1H B70 Half-bridge Easy2B 2 in parallel
(W] F3L400R10W3S7_C25 NPC1 Easy3B No parallel
10M F3L225R12W3H3 B11 NPC1 Easy3B 2 in parallel
F3LAMR12W3M1H B11 ANPC Easy3B 2 in parallel
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Module Solution and Comparison

Parallel
Topol Pack
OPOIoBY ackage condition
FFEMR20W2M1H B70 Half-bridge Easy2B 2 in parallel
F3L400R10W3S7_C25 NPC1 Easy3B No parallel
F3L225R12W3H3_B11 NPC1 Easy3B 2 in parallel
F3LAMR12W3M1H B11 ANPC Easy3B 2 in parallel
Chips
FF6MR20W2M1H B70 2000V/6mohm SiC

F3L400R10W3S7_C25

T1/2/3/4: 950V/400A

D1/2/3/4: 950V/300A

D5/D6: 950V/200A

F3L225R12W3H3_B11

T1/2/3/4: 1200V/225A

D1/4/5/6: 1200V/300A

D2/3: 1200V/200A

F3LAMR12W3M1H_B11

T2/3:1200V/4mohm SiC

T1/4/5/6: 1200V/150A

D1/4/5/6: 1200V/150A
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-3L225R12W3H3 B11 Double
PUlse Test

200kW module simulation model

> The model includes
conduction loss,
switching loss, thermal
chain and etc.
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PLECS model

Turn-on Loss

Manufacturer: [IFX | Part: [FremR12wam_B11 | Type: [mceT -

Turn-on loss Turn-off loss Conduction loss Thermal chain Constants Variables Custom tables Comment

Computation method: |Lookup table and formula

[] mvert voltage axis ~ Energy scale: |m] v 7/
5
Legend:
4 — 0
3 — 125°
E[mJ — 150°
[mJ] 3
1
600
A ARDAFEE0
Viock [V 0 oZE
biock [V] o [A]
25° 125° 1500
0A 20A 30A 40 A 80A 120 A
ov omJ) omJ) omJ) omJ) omJ Om
600V omJ 0.714778 mJ) 0.8295 mJ 0.942296 mJ 1.37556 mJ 1.78351Tm

< >

Eu(V.1,T,E,Rgon,Rgoff) = ‘ E*(0.00563*(Rgon/1.8)"2+0.636%(Rgon/1.8)+0.359)

Turn-off Loss
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Manufacturer: [IFX | Part: [FreMR12waM1_B11 | Type: [1ceT -
Turn-on loss Turn-off loss Conduction loss Thermal chain Constants Variables Custom tables Comment
Computation method: | Lookup table and formula v
[] mvert voltage axis ~ Energy scale: | mJ v /7

5
Legend:
4 — 250
3 — 125°
E[m] — 150°
[mJ] 2
1
600
0 0
Vooa [V 0 A
block [ ] [ [A]
25 1259 1500
0A 20A 30A 40 A 80A 120A
ov omJ omJ) omJ omJ omJ Om
600V 0mJ 0.135582 mJ 0.157911 mJ 0.184257 mJ 0.231403 mJ 0.54444 m
< >
Euo(vi,T/ERgon,Rgoff) = | E*(-0.00953" (Rgoff/1.8)~2+1.23%(Rgoff/1.8)0.22)
Revert Help

Eoﬁ = Eoff _measure Ppx Eoss
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PLECS model

Conduction Loss Thermal Chain

Manufacturer: |IFX | Part: [FroMR12W2M1_811 | Type: 18T v Manufacturer: |IFX | Part: [FreMR12W2ML_B11 | Type: (18T v]
Turn-on loss Turn-off loss Conduction loss Thermal chain Constants Variables Custom tables Comment Turn-on loss Turn-off loss Conduction loss Thermal chain Constants Variables Custom tables Comment
Computation method: | Lookup table ~ Type: [Foster ~/|  Number of elemerts: 7

rd 1 2 3 4
4 Legend: R 0.018 KW 0.0631 K/W 0224 KW 0.0229 K/W
35 e —_ ﬁ; T 0.000996 s 0.0178 0239 2055
i
; gy
25
ven VI 2 /,,/)l/( "
15
s r"/l
1 =
0.5 ;
0 20406080 100204060 600020406056062046685800
ion [A]
0A 20 A 40A 60 A 80 A 100 A
25° 0.00861V 0.102898V 0.200962 V 0.202802 V 0.408418V 051781V
125° 0.0188V 0.133756 V 0.255024 V 0.382604 V 0.516496 V 0.6567 V Conversion to Cauer
150° 0.0263V 0.16342V 0.30598 V 045398V 0.60742V 07663V (] convert to Cauer at simulation start Convert now
< >

Revert Help
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PLECS Simulation Example

SVPWM modulation

([T
kW




PLECS Simulation Results
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— If the V. can be reduced to 1200V, then the temperature can be limited under 140°C
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PLECS Simulation Results

PF=1 PF=-1

99.80% 99.80%
99.70% 99.70%
99.60% 99.60%
99.50% 99.50%
99.40% 99.40%
& 99.30% Z 99.30%
% 99.20% % 99.20%
99.10% 99.10%
99.00% 99.00%
98.90% 98.90%
98.80% 98.80%
98.70% 98.70%
FFEMR20W2M1H_B70 F3L225R12W3H3 B11 F3L400R10W357_C25 F3L4MRI12W3M1H_B11 FFEMR20W2M1H_B70 F3L225R12W3H3_B11 F3L400R10W3S7_C25 F3L4MR12W3M1H_B11
— Smallest module size

reduced to simplify the system structure
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The Advantage and Disadvantage™
- 200kW PCS soluti
Advantages Disadvantages
Small module size; .
) Low efficiency;
FF6MR20W2M1H_B70 High power factor; , )
. High harmonics
Less support circuit
Single module; - .
F3L400R10W3S7_C25 _ Limited condition
- High power factor
F3L225R12W3H3_B11 Cost-effective Easy3B in parallel
F3LAMR12W3M1H B11 High efficiency Complex control method; in parallel

— FF6MR20W2M1H_B70 can achieved simplest circuit and control method.

— F3L400R10W3S7_C25 can achieve 200kW in single module,

F3LAMR12W3M1H_B11 which is SiC MOSFET hybrid module can provide the highest efficiency.

— F3L225R12W3H3_B11 is designed for 200kW PCS, which is the most cost-effective for this application
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