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Modern Shift Towards HVDC Transmission

* High Voltage Direct Current (HVDC) transmission suffers significantly lower electrical losses over long
distances and eliminates asynchronous grid connection issues inherent to HVAC transmission systems.

In operation as of 2021
+—a Under construction as of 2021
*— Planned or under consideration
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HVDC Transmission System Market Size 2025 to 2035
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Modular Multilevel Converter (MMC)

* By leveraging a scalable, modular design, MMC achieves high-quality output waveforms while

simultaneously ensuring minimal switching losses and reduced filter requirements.

Half-Bridge Submodule
MMC (HB-SM MMC)

Half-Bridge submodule
* Low conduction loss.
i« Low cost. :
i+ Inability to block DC fault. :

Full-bridge submodule
i« High conduction loss.
i *  High cost.

i« Strong capability for

: clearing DC fault.

Full-Bridge Submodule
MMC (FB-SM MMC)
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Commercially Available Switches for HVDC

Phase Control Thyristor Disk = \ . IGBT Module
T280N65TOFXPSA1 7 - = FZ1000R65KE4
6500V, 1000A

6500V, 440A max on-state current
Used in legacy LCC systems.

\
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SiC MOSFET module
FF2600UXTR33T2M1

IGBT Press Pack (/
3300V, 750A drain current

P3000ZL45X168 N
4500V, 3000A . \k{ . ///
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DC Side Faultin MMC HVDC

DC fault Condition in HB-SM MMC DC fault Condition in FB-SM MMC

Low cost but no |
DC Fault Blocking
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Increased component cost,
: : higher power losses of
i E:/ semiconductor switches!!

Body diodes of switches provide natural current By reversing polarity of SM-voltages, fault currents
flow path even when all switches are OFF. are actively opposed without tripping DC breakers.



Commercial product:
B-TRAN® (Bi-Directional BJT)

* High-efficiency power switch designed for bi-directional
operation in AC and DC applications.

* Low voltage drop, similar to low Ry ., MOSFETs.

* Double-sided cooling capabilities permit superior thermal
performance.

e Costin line with competing solutions.

Vendor: Ideal Power

Part name: SymCool® V2 Power Module
Part number: IPAM01220C22

Rating: 1200V/200A

M

Ideal Power

42.70mm
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B-TRAN® in HB-SM MMC Blocks DC Fault Current

B-TRAN® HB-SM MMC DC fault Condition in
B-TRAN® HB-SM MMC
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B-TRAN® Submodule Switching
States under Positive current

During one switching period, B-TRAN® HB-SM MMC has five switching intervals.

Positive current

Positive current
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B-TRAN® Submodule Switching States
under Positive current (Intervals 1 & 2)

Interval 1: High-side (HS)
dewce is conducting, and
Iow side (LS) device is OFF.

: Interval 2: HS device is
: conducting, and LS device is
: in DIODE mode.

LS device ready for free-
: wheeling during deadtime.
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B-TRAN® Submodule Switching States
under Positive current (Intervals 3-5)

Interval 3: HS device is OFF Positive current Positive current
and LS device acts as a free- : Qiode Stats
wheelmg diode. HS, 0 A
...................................................... +
HSBZEZA
: Interval 4: HS device is OFF @ °

: and LS device is conducting.
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B-TRAN® Submodule Switching
States under Negative current

* During one switching period, B-TRAN® HB-SM MMC has five switching intervals.
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B-TRAN® Submodule Switching States
under Negative Current (Intervals 1 & 2)

: Interval 1: HS device is OFF,
: and LS device is conducting.

: Interval 2: HS device is in :
: DIODE mode, and LS device is :
: conducting. :

HS device ready for free-
: wheeling during deadtime.
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B-TRAN® Submodule Switching States
under Negative Current (Intervals 3-5)

: Interval 3: HS device acts as
: freewheeling diode and LS
: device is OFF.

: Interval 4: HS device is
: conducting and LS device is

: Interval 5: HS device acts as
: freewheeling diode and LS
: device is OFF.
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3-Phase B-TRAN® in PLECS: Simulation Waveforms

Simulated B-TRAN® MMC in Steady-State

Simulated B-TRAN® MMC in Fault Condition
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Switching Loss Comparison : For 100kV DC
212MW HVDC with 100Hz switching frequency

DC fault ol Total switch Total Total Total device Loss

Submodule . submodule . o
blocking number number conduction loss | switching loss loss percentage

IGBT 7t Gen HB

(Onsemi 1200V/450A, 5 600 0
in parallel to get 2000A No (100 per arm) 1200 1722kW 16.5kW 1738.5kW 0.82%
capability)
IGBT 7th Gen FB 600 .
(Onsemi 1200V/450A) Yes (100 per arm) 2400 SAAAIKNY 33kw 3477kW 1.64%

_ ® qst
B-Tran® 15t Gen HB (10 600

in parallel to get 2000A Yes 1200 480kW 33.6kW 513.6kW 0.242%
capability) (100 per arm)

Vendor: Ideal Power

Part name: SymCool® V2
Power Module

Part number: IPAM01220C22
Rating: 1200V/200A,
V=0.4V@200A

Vendor: Onsemi

Part name: Automotive Half-Bridge
VE-Trac Power Module

Part number: NVG450A120L5DSC
Rating: 1200V/450A,

V,=1.5V@400A "

SymCool ideal Power
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Conclusions

—VA — VB ——VC
* Bidirectional BJT-based HB-SM MMC ’I o
using B-TRAN®. “ J g
T itF T A —ms —uc
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* Bidirectional current blocking capability is o P )
leveraged. AR JE R G S I
i3 o . r
. . .l . . I I I 1—lgA —IgB —IgC
* DC Fault in HB-SM MMC is mitigated with . »
much lower losses compared to IGBT HB- R . oV
SM MMC. -V | - -
I l I ! 235 240 245 250 255 260 265 xlel
. 1 | . Time /s
* B-TRAN® uses Si-process and costs in line 1T &
with competing solutions. o ’
\:. :';‘ :I SymCool \deal Power
i ’,: tll IPAM01220C22
1j‘l- IZ-EJ:. [I
I t i

16



mesago

Bt
N e * [}
A LT
a "o.'.‘.'“
e 11 T
N LA
et teg "
Peat®s

. ..:::-. .

.
ooooo
. . .

Thank you for the
sy attention!
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I'm pleased to answer your questions.
bhuwenesh.gupta@idealpower.com

Messe Frankfurt Group
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