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8 Firstack at a glance FIRSTACK

2011 ~6M+ No.1 ~500+ 150+

Founded Shipment China Employees IPs
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HQ & Mfg. Site: Linping, Hangzhou Office: Shangcheng, Hangzhou
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8 Product Portfolio FIRSTACK

Power Stack Driver Test Equip.

Bridging devices to system
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8 Intelligent manufacturing FIRSTACK

End-to-End Manufacturing: From PCBA to System Integration

PCBA Production System Assembly System Testing & Ageing
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8 Energy Loss of HVDC

Trend Chart of UHV Delivered Electricity in China
(2020—-2025)
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Trend Chart of HVDC Converter Valve Loss Rate in
China (2020-2025)
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In 2025, the power loss of HVDC converter valves in China reaches 54.677 billion kWh,
equivalent to approximately 2.7 billion dollar (0.05 $ /kWh).
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https://www.askci.com/reports/20240902/1103199693272524620022431500.shtml

8 Topology of HVDC
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IHV StakPack™

Press Pack

Nearest Level Approximation Modulation (NLM)

Stepped waveform

Desired output sine wave

arr

VSC-HVDC adopt Modular Multilevel Converter,the frequency is about 100~300Hz
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8 E o\ Losses FIRSTACK

Proportion of Losses in the Converter Valve *
I:Jcon_Vc:es.at IC

1. Forward voltage drop of the PN junction

Eoon_IGET 2. Voltage drop caused by the residual resistance in the
45%

Eswi_IGBT

high-voltage N-  drift region

15%

3. MOS channel, current spreading region, metallization,

bond wires, and other parasitic resistances

Resource: &R, B E 5K B, T8 B R PR I 000 2% 70 B0 70 40 He B0 0 S 451 FE 2 [J]. P 1) FRL L L F22431,2008,28(21):7-14.

1% decreasing of the Econ saving ca. 12 million $
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8 Vce=f(Vge)

Datasheet of FZ1200R45HL3_S7
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The IGBT's saturation conduction voltage drop was reduced by 0.35 V when
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the gate voltage increased from 15V to 25V, @IC=1200A, 150°C

© FIRSTACK TECHNOLOGY CO., LTD. 2026 All rights reserved.

rFIRSTACK

PWM § §
| |
15V on lpo av%oid diode ﬂlailm'e
| | | 25V
Ve : ;
10V | | -
bam  besv toaiL)
T CH1: 0.000000Hz gﬂl:CWM
CH4: 0.000000Hz .
-VGE
T+
4cb

!

in{C:1) Max(C1) Tlax(C4)
8001 00 4000y QR

MiniC4)
-10.400%

ZTMI 5.00V/div|id  Closed [ Closed g 10.0V/div
F_ 24| i - = 8.00V
QR i e it

L = usy X-Pas
aoto | 200 8%} 3p 00
i 17.6V | 1.40ms S.60Mpts
Edae &% H-Res 4.00G3afs

The conduction loss can be decreased by approximately 12% (144 miliion $)
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8 Actual measured Vg

FZ1200R45HL3 VCE_IC (25°C)
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FZ1200R45HL3 VCE_IC (150°C) 100
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8 Challenges

di
P.=fU.,—,t..M
S f( ' df p)

Ic: higher SC current means higher Esc

tsc: fast response is necessary

g
d—;: which type of short circuit

Mp: protection margin, no false triggering

A reliable SC protection in HV system is not a simple matter
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8 Challenges FIRSTACK
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8 Challenges FIRSTACK

di/dt detection or Vg detection alone is not sufficient to meet the SC
protection requirements, what can we do?
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8 Reliable SC Protection FIRSTACK

Two-step SC protection: di/dt + Vg detection
 di/dt detection responds first to the fast current rise

* Ve detection then confirms the SC event
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8 Reliable SC Protection

PWM

Vee
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rFIRSTACK
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8 Protection for SCI FIRSTACK
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$ 1FHD0440 FIRSTACK
ASIC + CPLD

Gate boost: 15~30V

di/dt + desaturation (Vg) detection
Precies timing control

Faults Managment

R &

@ VSC-HVDC
@ SSCB
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