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Introduction

s Types of urban railway vehicles

K-AGT (rubber-tired system) |, Incheon IAT

&
¢

*

« Korea's first driverless operation system * Incheon Airport Railroad
« Busan Metro Line 4 (rubber-tired system), 102 cars * Rubber-tired light rail transit, 6 cars
* Fully automated driverless operation using
ATO/ATP
= -1

c V=

. Medium-sized Monorgil

hJ

JSillim Line . . Smart Monorail
* Yeouido to Seoul National University Station

L 2

+ Tagjongdae Monorail *Daegu Transportation Corporation Line 3, 84 cars
+Signaling: Fully automated driverless operation using ATP/ATO
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Introduction @1}

* Major electrical equipment for railway vehicles

» Propulsion & Service Power Converters
=>» Propulsion Control Unit
= Auxiliary Power Supply (SIV)

AC/DC Changeover Switch

® Auxiliary Power Supply System

® Passenger Information Display System

Train Number Display Destination Display Display Setting Unit

=

In-car Information Display Route Map Display

Auxiliary Power Supply System

> il /’ -
\‘; @ &’ 'jf
> h.

Electrical Coupler  Auxiliary Relay
Electromagnetic Cantactor

® Train Integrated Control System 8 Propulsion Control System

—

Monitor Train Computer Car Computer Master Controller Power Conversion Unit Circuit Breaker Box Auxiliary Control Box
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Introduction

* Recent Need for SSCB Development
«2 NVIDIA. DEVELOPER Home Blog Forums Docs Downloads Training

Technical Blog

Data Center / Cloud

NVIDIA 800 VDC Architecture Will

Power the Next Generation of Al
Factories

English v

May 20, 2025

+150 Like Discuss (16)

[*] https://developer.nvidia.com/blog/nvidia-800-v-hvdc-architecture-will-power-the-next-generation-of-ai-factories/
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Introduction

* Recent Need for SSCB Development

Figure 1. Current data center power architecture

The 800 VDC revolution

NVIDIA 800 VDC architecture addresses these challenges through a holistic redesign. NVIDIA is collaborating with the

data center power ecosystem on the innovations and changes that will be necessary to realize this concept.

Figure 2. NVIDIA 800 VDC architecture minimizes energy conversions.

[*] https://developer.nvidia.com/blog/nvidia-800-v-hvdc-architecture-will-power-the-next-generation-of-ai-factories/
Chungbuk National University Electric Machine Drive Lab



Introduction

Short-Circuit Current Sensing

PCB Trace

Over Voltage Protection
Solid-state device
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Short-Circuit Current Sensing @1}

% Short-Circuit Current Sensing Method
» It immediately turns off the SSCB semiconductor switch when the fault current
exceeds the threshold.
» Short-circuit current sensing can be implemented using the following methods.
v Desaturation Detection, TMR Current Sensor, Hall-effect Sensor
v Shunt Resistor sensing, Rogowski Coill
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< MCU Current sensing block diagram >

[*] https://www.infineon.com/application/solid-state-circuit-breaker
Chungbuk National University Electric Machine Drive Lab 7/45



https://www.infineon.com/application/solid-state-circuit-breaker

Short-Circuit Current Sensing @p

% TMR Current Sensor
» TMR current sensors offer galvanic isolation and high bandwidth.

» Their performance can be affected by temperature variation, external magnetic
fields, and sensor placement.

» Temperature compensation and magnetic shielding are required.

AXAARKN
6, KX P ANNNXKS

T

< TMR Current sensor >

[*] https://pmc.ncbi.nim.nih.gov/articles/PMC11857788/
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Short-Circuit Current Sensing @-p

«» Hall-effect Sensor

» It measures current by detecting the magnetic field generated around the
current path using the Hall effect.

» Hall-effect sensors provide galvanic isolation, but magnetic saturation and
limited bandwidth make them less suitable for fast SSCB fault detection.

Conductor Magnetic Core Hall Element Amplifier

< Hall-effect sensor >

[*] https://www.allaboutcircuits.com/technical-articles/hall-effect-current-sensing-open-loop-and-closed-loop-configurations/
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Short-Circuit Current Sensing @-p

% Shunt Resistor sensing

» A shunt resistor detects fault current by measuring the voltage drop across a
low-value resistor inserted in the current path.

» It is simple and fast, but causes power loss, heat generation, and requires
additional isolation in high-voltage SSCBs.

| IR

=
SHUNT

B

< Shunt resistor sensing >

SHUNT

[*] https://www.tek.com/en/blog/measuring-current-using-shunt-resistors?
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Short-Circuit Current Sensing @1}

% Rogowski coil
» A Rogowski coil measures the current change rate di/dtfrom the magnetic
field around a conductor and integrates it to obtain current.

» It offers wide bandwidth and galvanic isolation, but cannot directly measure DC
current and requires an integrator.

< Rogowski coil sensing >

[*] https://www.rocoil.co.uk/rogowski-coils/
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Short-Circuit Current Sensing d}v

«» Desaturation Detection

» DESAT is a gate-driver-based protection method that detects short-circuit
faults by monitoring the voltage rise across a conducting semiconductor switch.

» It is suitable for SSCB protection because it enables very fast fault detection
and can be directly implemented in the gate driver circuit.

I source & Cgj5nk Set

the blanking time
Gate driver IC // g
I source Desat
/ sense pin
o——p—~——
—\/ref
Desat | T Celan I
control |
— !

< infineon’s DESAT Circuit >

[*] https://www.infineon.com/product-information/power/gate-driver-ics/eicedriver-enhanced
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Short-Circuit Current Sensing @1}

+ Desaturation Detection Gate IC’ Time Delay

» Even after DESAT detection, soft turn-off causes a delay before complete
interruption.

» Therefore, both semiconductor short-circuit withstand capability and gate-driver
turn-off delay must be considered.

Figure 12 DESAT hard off behavior
The Figure 13 show the soft off behavior.

N+ : 1 in

OUT + CLAMP
OUTH + OUTL

=
— —

Figure 13 DESAT soft off behavior

< Differences in DESAT Behavior of Gate Driver ICs >

[*] https://www.infineon.com/product-information/power/gate-driver-ics/eicedriver-enhanced
Chungbuk National University Electric Machine Drive Lab 13/45



https://www.infineon.com/product-information/power/gate-driver-ics/eicedriver-enhanced
https://www.infineon.com/product-information/power/gate-driver-ics/eicedriver-enhanced

Short-Circuit Current Sensing

% Desaturation Detection principle
» A DESAT circuit detects a short-circuit fault by monitoring the rise of Vsor

[

VcgWhile the switch is ON.

&v

» During normal conduction, the switch voltage is low, but under a short-circuit
fault, high current causes the voltage to rise and triggers DESAT detection.

I source & Cgj5nk Set

the blanking time
Gate driver IC // g
I source Desat
/ sense pin
o—p—~—
—\/ref
Desat IE T CBIank _‘_l
control |
— !

< infineon’s DESAT Circuit >
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Short-Circuit Current Sensing

% Desaturation Detection principle detail

[

» The blanking capacitor sets the DESAT blanking time to prevent false
detection right after turn-on.

» During normal turn-on, Vysdecreases, so CgankiS NOt fully charged and the

DESAT pin voltage stays below V...

_ 500 pA
Gate driver

1.2kQ 1

o——y———

" Vref i

-—C l

| Blank _J

IE |
P !

< infineon’s DESAT Circuit >
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Short-Circuit Current Sensing d}v

% Desaturation Detection principle detail

» During a short-circuit fault, V,sremains high even when the MOSFET is ON
due to the large fault current.

» The DESAT current cannot discharge toward the drain, so Cg;anikeeps
charging.
» Vpesar €xceeds V,..; ,the gate driver detects fault and turns off the switch.

Gate driver

~

\

< infineon’s DESAT Circuit >
[*]
Chungbuk National University Electric Machine Drive Lab 16/45

Short-Circuit Current Sensing @1}

% SiC MOSFET Short-circuit capability

» For Infineon CoolSiC MOSFETS, the short-circuit withstand capability varies
depending on the device series, but it is typically around 2 ps.

» Therefore, short-circuit protection must be completed within 2 ps.

» For the gate driver IC shown in the previous material, the internal current
source is 500 pA, and the V.. rof the internal comparator is 9 V.

» The short-circuit protection operating time is calculated as follows.

v tpesateiank T toesatout < tsc = 2 [us]

_ CpEsaT *VpEesaTth _ 51[pF]*9[V]
v = = = 0.

P toesatout Varies depending on whether soft turn-off or hard turn-off is used.

[*]
Chungbuk National University Electric Machine Drive Lab 17/45



Short-Circuit Current Sensing

«» DESAT Simulation circuit
» Simulation Circuit for DESAT Time Verification

IDC1
00u
- < )I1
(Vw2 (V)ya
|

A I o ¢ L1 .| VDC®6
vbc2 - sc (11000
9 olp

[
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Short-Circuit Current Sensing

s DESAT Simulation result
» The signal output time is 0.99 [us].

» Although there is a slight difference from the calculated value, the simulation

shows a similar result.

0.99 [ps]

[
Chungbuk National University Electric Machine Drive Lab



Short-Circuit Current Sensing @-p

% Hard-off behavior time delay

» For hard turn-off, only the internally set delay time of 0.918 [us] to prevent
false triggering and the gate IC internal delay of 350 [ns] are considered.
» Assuming the voltage falls ideally, the operating time is calculated as follows
v toesateLank t toesatour = 0.918[us] + 0.350[us] = 1.268 [us]
» This satisfies the 2 [us] short-circuit withstand capability of the SIC MOSFET.

Parameter Symbol Values Unit Note or condition
Min. | Typ. | Max.
Pulse suppression filter time tDESATilter 250 ns 1)
Desaturation sense to out low {DESATOUT 350 430 ns Vour=90%, Coyr=1nF, OUT
delay =0OUTH+ OUTL

[

shorted, 1ED3322, 1ED3323

< Hard-off behavior in datasheet >

OuUTLINE
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<l PCB Trace @-p

+ Considerations for PCB

» The input and output currents of the SSCB are several tens of amperes higher
than those of signal lines.

» When high current flows through a PCB trace, IR loss occurs due to trace
resistance, leading to temperature rise.

» Temperature rise in PCB traces can increase copper resistance and degrade
insulation, FR-4 reliability, and solder-joint durability.

< PCB’ Trace structure >
[*] https://www.globalwellpcha.com/
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<l PCB Trace @b-p

s PCB Trace Width
» As mentioned before, the PCB traces of the SSCB must be designed
considering trace thickness and width according to the current level.
» The trace width was evaluated for a current level of 55 [A].

» The required trace width was calculated using DigiKey’s Trace Width
Calculator.

HRO

30

ozl wv

A EdO|AE

A EOlA Z

1091359450 mm o

=
o

e s AR BB
e SHol4 (W) s Ea0lA = (W)

2839105953 mm v 10.91359450 mm v

< Digikey’ Trace width caculator >

[*] https://www.digikey.kr/ko/resources/conversion-calculators/conversion-calculator-pcb-trace-width

Chungbuk National University Electric Machine Drive Lab 23/45
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PCB Trace @'U

«» PCB Trace Width Calculation with condition
» Rated current: 55 [A]

» When 55 [A] is applied through both the top and bottom layers, the current per
layer was assumed to be 30 [A] with a design margin.
» The calculation conditions are as follows:
v Ambient temperature: 25 [°C], Temperature rise: 10 [°C], Copper thickness: 3 [0z/ft?]
» Calculated minimum trace width: 10.9 mm

| ERjjO|A Z A& Eo|A =

; ‘w,
2839105953 mm W 1091359450 mm g

us & AT BB )

oY EHo|L 5 (W) E2s EHOlA = (W)

2839105953 mm v 10.91359450 mm v

< Digikey’ Trace width caculator >

[*] https://www.digikey.kr/ko/resources/conversion-calculators/conversion-calculator-pcb-trace-width
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% Actual Temperature Rise of the Trace Width Calculator

» For a trace width of 10.9 [mm] and a copper thickness of 3 [0z/ft?], the
temperature rise was analyzed to verify whether it remains within 10 °C.

» The analysis was performed using analytical equations and FEMM thermal
simulation.

» FEMM is a free 2D finite element analysis software that supports
electromagnetic, heat flow, and current flow analysis.

Finite Element Method Magnetics

Magnetics, Electrostatics, Heat Flow, and Current Flow

* Download

* Documentation
« FAQ

* Linux Support
* Examples

* User Contributions

* Miscellaneous
* Related Links
* *NEW** Tangle

* Author

[T T T T T

< FEMM Website — Supported Analysis Features >
[*] https://www.femm.info/wiki/HomePage
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https://www.femm.info/wiki/HomePage

PCB Trace @'U

% FEMM Thermal Analysis Result with FR4 Attached Beneath the Trace
» Trace temperature: 327.306 [K] = 54.306 [°C]
» Therefore, AT = 54.306 — 25 = 29.306 [°(]

» This temperature rise is significantly lower than the 123.2 [°C] temperature rise
obtained when FR4 was not attached.
» The FR4-based PCB acts as a heat sink.

v Due to the thermal conductivity of FR4, the heat from the copper spreads into the
PCB and is dissipated.

3.258e+002 : »3.273e+002
3.244e+002 : 3.258e+002
3.229e+002 : 3.244e+002
3.214e+002 : 3.229e+002
3.200e+002 : 3.214e+002
3.185e+002 : 3.200e+002
3.171e+002 : 3.185e+002
3.156e+002 : 3.171e+002
3.141e+002 : 3.156e+002
3.127e+002 : 3.141e+002
3.112e+002 : 3.127e+002
3.097e+002 : 3.112e+002
3.083e+002 : 3.097e+002
3.068e+002 : 3.083e+002
3.053e+002 : 3.068e+002
3.039%e+002 : 3.053e+002
3.024e+002 : 3.039e+002
3.002e+002 : 3.024e+002
2.995e+002 : 3.009e+002
<2.980e+002 : 2.995e+002

ensity Plot: Temperature (K)

FEMM Qutput X

Point: x=4.43, y=0.04
T =327.306K

|F| = 3809.21 W/jm~2
Fx = -3606.26 W/m”~2
Fy =-145.509 W/m~2
|G| = 9.07425 Kjm

Gx =-3,06684 K/m

Gy =-0.366592 Kfm
Kx = 397.742W/{m*K)
Ky =397.742W/(m*K)

o

< FEMM Thermal Analysis Result with FR4 Attached Beneath the Trace >

[*] https://www.femm.info/wiki/HomePage
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PCB Trace @'U

s PCB Board & Temperature Test
» PCB traces were fabricated considering the current level.

» A thermal camera test will be conducted to verify whether the temperature rise
under current flow matches the calculated value.

[*] https://www.femm.info/wiki/HomePage

Chungbuk National University Electric Machine Drive Lab 27145
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Over Voltage Protection
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Over Voltage Protection @1}

s SSCB Over Voltage

» Since an SSCB interrupts fault current very rapidly, large overvoltage can be
generated by the energy stored in the system inductance.

» When the current changes rapidly during interruption, the voltage across the
semiconductor switch increases sharply accordingto V = L%

» Since semiconductor devices can fail if their voltage rating is exceeded,
overvoltage suppression is essential.

» OVP devices such as snubbers, MOVs, and TVS diodes absorb or dissipate
the energy stored in the system inductance to protect the semiconductor

device.
L T AT 5
w JTE T k.
Dy [l > Dy g
Il R D N¢
Rf Cv ’ Il 5 Rf
R, | |
= — “ 11 = =
Dﬁ Cv
< RCD Snubber Example> < MOV Example >

|u)

LAXS 20 2A aUHAMSREE ASUHEt st

fol

Flese. "HE AEEAN HE BteX IHEI| Y AHM 22 AME+ 2E &Y

&,2019. M2
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Over Voltage Protection

** Snubber - OVP

» A C snubber is the simplest snubber that uses only a capacitor to slow the
voltage rise across the switch.

» An RC snubber uses a capacitor and resistor to suppress overvoltage and
ringing while dissipating the stored energy in the resistor.

» An RCD snubber uses a diode to control the energy-flow direction, stores the
energy in a capacitor, and discharges it through a resistor.

» A discharge-suppressing RCD snubber pre-charges the capacitor so that fault-
current rise and overvoltage can be suppressed immediately after turn-off.

Y e
s
n 4

s

———

== Coa

< C Snubber >

Hvdc

lemx

PGND

-
HS
4

=
i
4

< RC Snubber >

[*] https://techweb.rohm.co.kr/product/power-device/sic/15886/

«» RCD Snubber

HVdc

——CDCLINK

PGND

(=
iz
4
s

W
ki 2
4

]g

)

LL»J

< RCD Snubber >

HVdc

— -CDCLINK

PGND

&v

HVdc

——CDCLINK

PGND

< discharge-suppressing RCD Snubber>
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Over Voltage Protection

» RCD snubber is referred to as a charge-discharge type RCD snubber.

» A charge-discharge type RCD snubber is composed of a resistor R, capacitor
C, and diode D. Its purpose is to suppress the overvoltage generated across

the semiconductor switch during fault-current interruption.

» A charge-discharge type RCD snubber can reduce the inrush current during re-
closing compared with a simple C snubber.

» However, since the capacitor is not sufficiently charged at the moment of fault
occurrence, it cannot immediately suppress the fault current right after turn-off.

VDC

S
L L
A 4 A
1y 1
R
1
—AM—
|1 " [
l 4

< RCD Snubber >

] Vload

[*] &/ S&."SiC MOSFETS AtE8H DC Bt XSS HIUHE AUH 312 A" IUAAMSA=2 MSUStL (e, 2018. A2
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Over Voltage Protection @p

% Bidirectional SSCB Snubber
» In DC systems, fault current can flow in both directions depending on the fault

location, so a bidirectional snubber circuit is required.

» In a bidirectional system, two unidirectional snubber circuits are applied to the
two semiconductor switches to handle fault currents in both directions

» In a bidirectional system, one bidirectional snubber circuit is applied across the
entire semiconductor breaker to handle fault currents in both directions.

S1 Sz

Sl SZ
- o ! ~n PN o o B .o BTN
e 2 s i A

L 1y 1 l 1yl J l :
T T
Snubber Snubber Snubber
R [] Vioad Voe C‘_) Circuit [] Vioad

Voc CD Circuit Circuit

< Bidirectional SSCB using two unidirectional snubber circuits > < Bidirectional SSCB using one bidirectional snubber circuit >

[] S5 "SIC MOSFETS AFE8H DC M Al XIS HIHE ALY 812 91" SUAASA=S ASHSD 152, 2018 A S
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Over Voltage Protection @1}

% Bidirectional SSCB Snubber
» With two unidirectional snubbers, part of the fault current can flow through the

MOSFET body diode.
» This increases conduction loss and thermal stress due to the high forward

voltage of the body diode.
» A single bidirectional snubber diverts the fault current into the snubber circuit

and protects the semiconductor device.

L,
Y \— ]

—_—

| Sl SnubberJ Srreriyiyer
Voc (:) Circuit Circuit [] Vieas Voc C_D Circuit

1
—J
=
o
2

< Case where the fault current flows < Case where the entire fault current flows
through the body diode during fault-current interruption > through the snubber circuit during fault-current interruption >

[*] 4S5, "SIC MOSFETS At 8t DC BHZH| ZHEHDIQ HITHE ALH 312 ¢ [URA S =2 ASHs (519, 2018, A 2
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Over Voltage Protection d/}-p

% Bidirectional snubber used in an SSCB

» This structure uses a snubber circuit designed to handle bidirectional fault
currents in a DC system.

» The fault current is diverted through the snubber circuit instead of flowing
through the body diode of the semiconductor switches, thereby reducing
conduction loss and thermal stress in the body diode.

» As a result, the bidirectional semiconductor circuit breaker can improve both
overvoltage protection and fault-current suppression performance.

S S,

C D
| 1
+11- o M +
V
Voc Ci) D, é G Voc == []
14 | pre -
VDC

< Bidirectional Snubber Circuit for SSCB >

[] &S 3. "SIC MOSFETS AFZ 3t DC BHE Al THEHDI 2] BITHE AL 312 17" UAAISISI=2 N SOHS D 452, 2018, A S
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Over Voltage Protection @1}

s Snubber Capacitor Selection

» The snubber capacitors C;and C,absorb the inductive energy during fault-
current interruption and limit the semiconductor switch voltage below V4 «-

» Design Equation :

1 fault 2
v > L(——————
C - L(Vmax,sw - VDC)

« L : Equivalent inductance to be handled by the snubber
* Irquie ¢ Fault current at the moment of semiconductor turn-off

Vinax,sw : Maximum allowable switch voltage

S S;
Source |—|11—| P Load P e s e
1yl Lyl

D,

Ci 1
+11- R " +
Vo () . e = |:|

2]
i -1+
Vbe
Ré

< Bidirectional Snubber Circuit for SSCB >

[] &S 3. "SIC MOSFETS ALZ 3 DC BHE Hl TSI 2] BITHE AL 812 17" UAAISISI=2 N SOHS D 152, 2018, A S
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Over Voltage Protection

% Snubber R; Selection

» R1 determines the additional current flowing through the snubber during a
source-side short-circuit fault.

» A smaller R;can improve fault detection and current suppression, but it
increases the instantaneous current stress of the semiconductor switch.
» Design Equation :
v R1 2 VDC

Imax,sw —Irated

L.qteq * Rated current under normal operation

Lnaxsw * Maximum current capability of the semiconductor switch
S,

S;
Source P Load L
YN
Lyl 1Lyl
C D
o \
VDC C:) DZVDC éRz 11 CZ VDC::
¢ . | e -
VDC
w3

-

< Bidirectional Snubber Circuit for SSCB >
[*] A1S5."SiC MOSFETES AtE8H DC BtE Xl XEHD|2 BIUE ALY 32 HR" IUHAAER=2 MSUS W e, 2018. A2
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Over Voltage Protection

% Snubber R, Selection

36/45
turn-off.

» R2 determines the initial output voltage of the snubber circuit immediately after

» In a load-side short-circuit fault, the fault current rises up to the protection level
before interruption; therefore, a low initial snubber voltage can increase the
fault-current peak.

v Ry > R1Vpc

Rilfauit =Vpc

S S;
Source P Load P e s e
Lyl Lyl
C D
A \
Voc Ci) ,Vec éRz G Vo = |:|
¢ y | pre =
VDC
Ry

< Bidirectional Snubber Circuit for SSCB >
[*] &S5, "SiC MOSFETES AtE8H DC BtE Xl XHHDI2 BIUE AUH 32 HR" IUHAAE =2 MSUStW (e, 2018. A2

Chungbuk National University Electric Machine Drive Lab
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Over Voltage Protection d/}-p

% Design Equation-Based Component Selection
» Component values are selected based on the preceding design equations.

2
Ifault _ 250[4] — ~
/C=L (m) = 20[UF) (i) = 7.8125[uF] ~ 8[uF]
Vbc _ 1000[V] _
7Rz Imax,sw —Iratea  525[A]-350[4] >.714[4]
v Ry > RiVpc _ 5.714[Q]X1000[V] _ 13.33[02]
Rilfquie —Vpc  525[A]-350[4]

» These can be increased to limit snubber discharge current, reduce current
stress, and adjust the over voltage.

» The final component values can be modified.
S, S,

Source ,_El_ﬂ_l Load ~~A L
L L
] I
| "
+10=
+ Ve R, t-
Voc C—) Dz_" é 11 C VDC:- [:I
-1+
VDC
Ry

< Bidirectional Snubber Circuit for SSCB >
[*] 4/S35."SICMOSFETS AFESHDC Bt Ml IHEDIIQ HIE AUH 3l 2R IUHAAMSER=2 M2Uist (HeH&, 2018. M2
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Over Voltage Protection

«» OVP Snubber simulation circuit
» The figure below shows the snubber circuit implemented in PSIM.
» The circuit includes switches used to simulate short-circuit faults.

» The component values selected using the previous design equations were
adjusted through multiple simulations.

Z0

. DS
v

Swiltch) 1
%7 . P9
\
L Loadl L oad

A

! é swo | éD LOAD
R Roads ] VlTEp]_]_ I_Source S — Load | Fault TEPT VDClO
0.005

&
R

H
K
8
.
ek
i

= 1000
8 0. 003 0

. C_SN1 D. SN1
=
N :

@ FAUlt
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Over Voltage Protection @p

«* OVP Snubber simulation Result

» This waveform shows the interruption behavior of the semiconductor circuit
breaker and snubber circuit after a load-side short-circuit fault occurs.

» The peak voltage across the semiconductor switch, Vys ,is 1195.4 [V], which is
successfully limited below the maximum voltage limit of 1400 [V].

Chungbuk National University Electric Machine Drive Lab 40/45

Over Voltage Protection @1}

«» OVP Snubber simulation Result

» In the lower waveform, the green trace represents the semiconductor device
current, which rapidly decreases to O A after fault detection.

» This indicates that the semiconductor switch is successfully turned off.

» The red trace represents the load current, and the blue trace represents the
source current.

» After the switch is turned off, both currents do not disappear immediately but
gradually decay.
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Over Voltage Protection @p

% SSCB Non-Linear Over Voltage Protection

» SSCB Non-Linear Over Voltage Protection is a protection method that limits
the overvoltage generated during semiconductor interruption using non-linear
devices such as MOVs or TVS diodes.

» MOVs or TVS devices conduct only when the switch voltage exceeds a certain
level, diverting the fault energy into another path and clamping the Vs peak.

» Non-linear OVP works as a final voltage clamp to suppress transient
overvoltage that cannot be fully handled by the snubber circuit alone,
protecting the semiconductor devices in the SSCB.
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< TVS Diode Example > < MOV Example >

Chungbuk National University Electric Machine Drive Lab 42/45

OuUTLINE

Solid-state device
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Solid-state device @-p

+» SSCB Solid-state device

» The solid-state device in an SSCB is the main semiconductor switch that
interrupts current without mechanical contacts.

» It enables fault-current interruption within tens of microseconds, but it must
withstand high voltage stress

» High transient current because system inductance generates overvoltage
during turn-off.

» Various power semiconductor devices can be used in SSCBs, such as IGBT,
SiC MOSFET, SiC JFET.
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< infineon’s cool SiC MOSFET >

[*] Gate Driver Finder | Infineon Technologies
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s SSCB Solid-state device comparison

IGBT SiC MOSFET SIC JFET
Suitable for high- Suitable for high- Suitable for high-
Voltage / Current voltage and current voltage and speed voltage, low-resistance,
applications switching and fast interruption
Switching Speed Relatively slow Fast Fast
Turn-of_f i Has tail current Almost no tail current Cgpable Of L5
Characteristic interruption

Can be advantageous at
high current

Very low Rps(on)is

Conduction Loss )
possible

Low RDS(on)

Highly suitable for
SSCBs, but normally-on
behavior must be
considered

Applicable, but less
SSCB Suitability advantageous in terms Suitable for SSCBs
of loss and speed

< infineon’s cool SiC JFET >

[*] https://www.infineon.com/product-information/power/silicon-carbide-jfets
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https://www.infineon.com/design-resources/finder-selection-tools/gate-driver
https://www.infineon.com/product-information/power/silicon-carbide-jfets




