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Abstract— Converters with high power density are becoming
necessary in applications such as traction inverters and electric
vehicles, where the inverter stage must process power in the range
of a few hundred kilowatts. As the inverters are often hard-
switched, SiC power modules can enable high power density due
to superior switching, conduction loss, and thermal performance.
However, due to the fast switching transients of SiC MOSFETs,
circuit parasitics can significantly impact the switching dynamics
resulting in prolonged oscillation, high device stress, and crosstalk
and EMI-related issues. So, estimation of circuit parasitic is
essential for optimal gate and power circuit layout design. The
experimental measurement-based parasitic estimation technique
is superior to the electromagnetic simulation-based approach
when the internal geometry of the power module is unknown.
This paper presents a systematic approach to estimating parasitic
inductances of a 200 kW SiC-based stack. The accuracy of this
proposed method is verified through experiment and electromag-
netic simulation with the help of ANSYS Q3D Extractor.

Index Terms—SiC Stack, Parasitic Inductance Measurement,
Ansys Q3D Extractor.

I. INTRODUCTION

SiC MOSFETs are rapidly replacing Si IGBTs in power
electronic converters due to their superior switching, conduc-
tion loss, and thermal performance [1]. Due to reduced power
loss, converters with SiC MOSFETs can operate at higher
switching frequencies, thus enabling smaller filter sizes and
high-power densities. To cater to applications such as elec-
tric vehicles and electric aircraft, high-power converters with
power ratings of a few hundred kW are required, and high-
current (120-760A) SiC power modules are often preferred in
these applications [1], [2].

Due to fast switching transients (high (dv/dt and (di/dt)),
the switching dynamics of SiC MOSFETs are sensitive to
circuit parasitics. This may lead to high device stress, sustained
oscillations, EMI-related issues, crosstalk, etc, which are well-
known side effects of these parasitics [3]. Thus, the accurate
estimation of these circuit parasitics is vital for the optimal
power converter design.

Extraction of parasitic inductance has been given consid-
erable attention in the existing literature [4], [6], and it can
be of two types: (a) simulation [4], [5] and (b) experimen-
tal. Electromagnetic simulation-based parasitic extraction is
accurate. However, they require expensive software packages,
long computation time, and domain knowledge and may have
convergence issues. Moreover, details of the internal structure
of the packaged power module are required for simulation,
which may not be available to a design engineer [3]. In such
a case, measurement becomes the only option to estimate
the circuit parasitics. Measurement-based approaches can be
of two types: (a) time domain reflectometry (TDR) and
(b) frequency response analysis (FRA). TDR measurements
require expensive equipment and lack accuracy when the
characteristic impedance of the device under test deviates from
50Ω [7]. On the other hand, FRA-based one-port or two-port
measurements requires specially designed PCBs and careful
calibration. Also, the measurements may become erroneous at
higher frequencies [8]. In addition to these, alternate equivalent
circuit-based measurement techniques can be used to extract
circuit parasitics. Compared to the previous two techniques,
no specialized equipment is needed, and the measurements
are done with the oscilloscope and voltage/current probes,
routinely used for converter development and testing [9]. This
technique was used in [3] to estimate the various parasitic
inductances, including the dc bus, which was considered a
single lumped inductance.

This paper presents an experimental measurement technique
based on the equivalent circuit approach to extract the cir-
cuit parasitic inductances. Instead of considering the dc bus
inductance to be lumped, detailed modelling of the dc bus is
considered. Individual extraction of these parasitic inductances
is essential for optimal gate resistance and snubber circuit
design selection. Two simple tests are proposed to extract
these parasitic inductances. The proposed technique requires
an oscilloscope, voltage and current probes, and no other spe-

979-8-3503-1664-3/24/$31.00 ©2024 IEEE 1120

20
24

 IE
EE

 A
pp

lie
d 

Po
w

er
 E

le
ct

ro
ni

cs
 C

on
fe

re
nc

e 
an

d 
Ex

po
si

tio
n 

(A
PE

C
) |

 9
79

-8
-3

50
3-

16
64

-3
/2

4/
$3

1.
00

 ©
20

24
 IE

EE
 | 

D
O

I: 
10

.1
10

9/
A

PE
C

48
13

9.
20

24
.1

05
09

47
3

Authorized licensed use limited to: J.R.D. Tata Memorial Library Indian Institute of Science Bengaluru. Downloaded on August 13,2024 at 09:55:28 UTC from IEEE Xplore.  Restrictions apply. 



(a) (b) (c)

Fig. 1. (a) 200 kW SiC based Stack. (b) Equivalent Circuit for Parasitic Extraction. (c) Top-view of 200 kW SiC based Stack.

cialized equipment. The proposed experimental measurement
method is validated through experiments and electromagnetic
simulation in ANSYS Q3D Extractor.

The paper’s organisation is as follows: Section II presents
the system description and specifications. The methodology
for parasitic inductance extraction is discussed in Section III.
Experimental and simulation results are elaborated in Section
IV and V, respectively. Finally, the paper is concluded in
Section VI.

II. SYSTEM DESCRIPTION

A 3-D model of the developed 200kW liquid-cooled stack
is given in Fig. 1a. 1200V, 805A SiC MOSFET half-bridge
modules from Microsemi are used. The total power loss of
each half-bridge module is estimated to be around 1.2kW.
A cold plate is placed underneath the module for efficient
heat extraction. Each module’s DC+ and DC- terminals are
connected to the DC bus film capacitors through a laminated
bus bar. Five 1200V, 70uF (944U700K122AB) film capacitors
are placed to get a cumulative DC bus capacitance of 350uF.
High-frequency RC snubber circuits are placed close to each
module to reduce the high-frequency commutation loop induc-
tance. RC snubber capacitor board consists of MLCC ceramic
capacitor (CKC33C443KJGLCAUTO) and thick film SMD
resistor. Gate driver cards are also placed individually for each
half-bridge module to optimize the gate loop inductance. Sine
triangle or space vector modulation is a common modulation
technique for three-phase active front-end converters. In any
of these modulation techniques, only a single half-bridge takes
part in switching transient and devices of the other two bridges
will be clamped to Vdc or ground. So, the DC bus and the
device at high frequency can be modelled as the equivalent
circuit given in Fig. 1b. Cf , Lf , rf represent the cumulative
capacitance, equivalent series inductance (ESL), and resistance
(ESR) of the film capacitors, respectively. Ld is the parasitic
inductance of the DC bus. Ll represents the stray inductance
of the bridge. Ctr, Ltr, rtr represent the cumulative values
of transient capacitance, parasitic inductance, and parasitic
resistance of the transient capacitor board. The ratings of
the overall stack are given in Table I. The values of known
parameters are given in Table II. Here, Ron represents the
on-state resistance of the device.

TABLE I
RATINGS OF SIC STACK

P DC Bus Voltage Output Voltage fo fs
200 kW 800 ±5% V 230 ±10% V 50 Hz 20-50 kHz

TABLE II
GIVEN PARAMETERS

Cf CTr Ron
350 µF 0.22 µF 3.1 mΩ

III. PARASITIC EXTRACTION

The top view of the stack is shown in Fig. 1c. It can
be observed that the parasitic inductances seen by the side
modules (highlighted in pink in Fig. 1c) are similar due to
the symmetric structure, and the parasitic inductances seen
by the middle module (highlighted in green in Fig. 1c) are
different from the side modules. So, it is required to extract
the parasitic inductances for two different cases, considering
the middle and any one of the side modules separately. The
following tests are conducted to estimate the values of Ll, Ld,
LTr, for given values of Cf , Cd, Ron.

A. Test-I

In Test-I, the transient capacitor board is removed from the
setup (see Fig. 2a). The SiC MOSFET, QT , is kept in on-
state by applying a positive gate voltage VGG. So, it can be
modelled by its on-state resistance (Ron). Initially, QB is off,
and a small DC bus voltage Vdc(test) is applied across the
film capacitor. So, QB blocks Vdc(test). A positive gate pulse
with time duration Ttest is applied to QB . Note: the value
of Ttest is chosen to be sufficiently large compared to the
settling time of the gate-source voltage of QB . Thus, QB can
also be approximately modelled as Ron for most of this test’s
duration. The final equivalent circuit for Test-I is also shown in
Fig. 2a, which forms a second-order RLC circuit with Req =
2 ∗Ron + rf + rd, Leq = Ll +Ld +LTr. Here, rd represents
the high-frequency parasitic resistance in the power loop. For
a practical values of Cf , the response idc is over-damped and
it can be expressed as (1), where S1,2 is expressed in (2),
which can be solved with the initial conditions idc(0) = 0
and Vf (0) = Vdc(test). The parameters Req and Leq can be
obtained by curve fitting the experimentally obtained idc curve
using the above expression.
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(a) (b)

Fig. 2. (a) Equivalent Circuit for Test-I. (c) Equivalent Circuit for Test-II.

idc(t) = (A1e
s1t +A2e

s2t)CfVdc(test) (1)

S1,2 = − Req

2Leq
±

√
(
Req

2Leq
)2 − 1

LeqCf
(2)

B. Test-II

For Test-II, the circuit configuration similar to Test-I is used.
The transient capacitor board is placed across the module’s
DC positive and negative terminals. Vdc(test) is applied across
the film capacitors, and QT is gated. Initially, QB is blocking
Vdc(test). QB is turned on for a time period of Ttest, and
can be modeled as Ron. Fig. 2a represents the equivalent
circuit of Test-II. The initial capacitor voltage is represented as,
Vf (0) = Vdc(test). Initially, the switching current is supplied
by the transient capacitance CTr. Thus, CTr forms a damped
tank with Ll+LTr, and the current id shows a high-frequency
component on top of the over-damped RLC power loop
formed by Req , Leq , Cf .

By applying KVL in Loop-1, (3) is obtained, where LT =
Ld+Lf . Similarly, (4) is obtained by applying KVL in Loop-
2, and (5) and (6) are obtained by applying KCL at nodes
(a, b), respectively. (3)-(6) represents a 4th order system,
which governs the dynamics of Test-II. However, obtaining
the explicit expression for the device current is difficult to
obtain, due to the system’s complexity. Hence, an optimization
procedure is used to obtain parasitic inductances.

Vf = idcrf + LT
didc
dt

+ LTr
diTr

dt
+ vTr (3)

vTr = −LTr
diTr

dt
+ Ll

did
dt

+ 2idRon (4)

idc = −Cf
dVf

dt
(5)

iTr = −CTr
dvTr

dt
(6)

Fig. 3. Experimental setup of 200 kW Stack.

(a)

(b)

Fig. 4. Experimental Results: (a) Test-I. (b) Test-II. (vBgs : 20 V/div), Vf :
3 V/div, idc : 100 A/div; X Scale: 400 ns/div.

IV. EXPERIMENTAL RESULTS

The experimental setup of the 200 kW stack is shown in
Fig. 3. +20/-5V is applied across the gate-source terminal
of the device. Vdc(test) =10 V is applied across the film
capacitors. The ratings of the half-bridge SiC modules are
tabulated in Table III. The details of the gate driver IC
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Fig. 5. (a) Experimental and fitted curve for Test-II. (b) Current density plot of DC bus-bar. (c) Simulation Result of DC bus-bar.

TABLE III
RATINGS OF SIC MODULE

Part Number Vds Ids Ron Ll

MSCSM120AM03CT6LIAG 1200 V 805 A 3.1 mΩ 3 nH

TABLE IV
DETAILS OF THE GATE DRIVER

Part Number Vin tpd Vout Ipk
ADuM4135 2.5-6 V 40-70 ns 12-30 V 4 A

are given in Table IV. A 30 A (IXD630) current booster
is placed after the gate driver to supply the required gate
current during switching. Experimentally measured signals are
gate-source voltage of QB (vBgs), Vf and id. Oscilloscope
MDO3104 from Tektronix with 1GHz bandwidth is used. High
voltage differential probe THDP0200 of 200GHz bandwidth
and single-ended probe P5100A with 500 MHz bandwidth
(both from Tektronix) are used for the measurement of Vf

and vBgs, respectively. High current 50 MHz Rogowski sensor
CWTMini50HF 06/B/1/100/2 from PEM is used to measure
idc. The propagation delay between voltage and current signals
is matched using a delay matching instrument from Tektronix
(067-1686-00, Power Measurement De-skew and Calibration
Fixture).

A. Test-I

Initially, the test is performed on the middle module, and
the other two modules are removed. The experimental wave-
forms are shown in Fig. 4a. Leq and Req is estimated from
experimentally measured idc as discussed in Section 3 and the
estimated values are 27 nH and 19.7 mΩ, respectively. Initially,
10 V is applied, and during measurement. The measured
voltage across Cf drops to 8 V due to the inductive drop of
its ESL, Lf (see Fig. 4a). The value of Lf can be estimated
using (7). Please note estimated value is higher than the value
obtained from the film capacitors’ data-sheet.

∆vCf
= Lf

didc
dt

(7)

B. Test-II

Test-II is also performed on the middle module, keeping all
other operating conditions similar to Test-I. The experimental
result is presented in Fig. 4b. Given the total power loop
inductance and Lf are known, the values of Ld, Ll, and LTr

TABLE V
EXPERIMENTAL AND SIMULATION RESULTS FOR MIDDLE MODULE

Experimental Simulation
Lf 8 nH 6 nH
Ld 13 nH 12 nH
LTr 8 nH 5 nH

TABLE VI
EXPERIMENTAL AND SIMULATION RESULTS FOR SIDE MODULE

Experimental Simulation
Lf 8 nH 6 nH
Ld 13 nH 13 nH
LTr 8 nH 5 nH

are estimated as discussed in Section III-B and tabulated in
Table V. Here, Ll is coming around 7 nH. Fig. 5a represents
the experimental results and fitted curve for Test-II, and they
both match pretty closely.

Similarly, Test-I and Test-II are performed in any one of
the side modules (as shown in Fig. 1c), keeping the other two
modules disconnected and the results are tabulated in Table.
VI. The value of Ll is estimated to be approximately 7 nH for
the side modules also. It can be observed that the parasitic
inductances, considering the middle and side modules, are
almost the same.

V. SIMULATION RESULTS

To verify the correctness of the proposed parasitic mea-
surement technique, electromagnetic simulation is performed
on the DC bus-bar structure and transient capacitor board with
the help of ANSYS Q3D Extractor. In the 3D model of the
DC bus bar, the ESL of the film capacitors is also considered.
The solution frequency of the simulation is kept at 1 GHz.
Interpolating sweep is given from 1 kHz to 100 MHz, with a
sample size of 500 and 0.5% tolerance band. The simulation
results containing current stress on the DC bus and plot of
parasitic inductance to frequency for the middle module are
shown in Fig. 5b and 5c, respectively and tabulated in Table
V. A similar simulation is performed on a transient capacitor
board as well. It can be observed that the proposed parasitic
measurement technique matches well with the values estimated
using electromagnetic simulation. The simulation is performed
for the side module as well, and the results are tabulated
in Table VI. The simulation and the experimental results
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match well. This validates the correctness of the proposed
measurement technique.

VI. CONCLUSION

This paper proposes an experimental approach to extract
the parasitics involved in switching transition for a 200 kW
SiC-based stack. To verify the proposed methodology, an
electromagnetic simulation is performed on the 3D models of
the DC bus-bar and transient capacitor board for extracting the
parasitics through simulation with the help of ANSYS Q3D
Extractor. Finally, the parasitic inductances extracted by the
proposed method and simulation are compared and found to
match well, which verifies the efficacy of the proposed method.

REFERENCES

[1] Z. Miao, Y. Mao, C. -M. Wang and K. D. T. Ngo, “Detection of Cross-
Turn-On and Selection of Off Drive Voltage for an SiC Power Module,”
in IEEE Transactions on Industrial Electronics, vol. 64, no. 11, pp. 9064-
9071, Nov. 2017, doi: 10.1109/TIE.2017.2716872.

[2] S. Hazra, S. Madhusoodhanan, G. K. Moghaddam, K. Hatua and S. Bhat-
tacharya, “Design Considerations and Performance Evaluation of 1200-
V 100-A SiC MOSFET-Based Two-Level Voltage Source Converter,” in
IEEE Transactions on Industry Applications, vol. 52, no. 5, pp. 4257-
4268, Sept.-Oct. 2016, doi: 10.1109/TIA.2016.2587098.

[3] S. K. Roy and K. Basu, ”Measurement of Circuit Parasitics of SiC
MOSFET in a Half-Bridge Configuration,” in IEEE Transactions on
Power Electronics, vol. 37, no. 10, pp. 11911-11926, Oct. 2022, doi:
10.1109/TPEL.2022.3176114.

[4] R. Shigetomi and K. Wada, “Prediction Procedure of Parasitic Parameters
Considering Laminated Bus Bar Geometries Based on Online Machine
Learning,” in IEEE Open Journal of Power Electronics, vol. 4, pp. 442-
449, 2023, doi: 10.1109/OJPEL.2023.3285780.

[5] N. Zhang, S. Wang and H. Zhao, ”Develop Parasitic Inductance Model
for the Planar Busbar of an IGBT H Bridge in a Power Inverter,” in IEEE
Transactions on Power Electronics, vol. 30, no. 12, pp. 6924-6933, Dec.
2015, doi: 10.1109/TPEL.2015.2396529.

[6] J. L. Schanan, E. Clavel and J. Roudet,“Modeling of low inductive
connections: the planar busbar structure,” Proceedings of 1994 IEEE
Industry Applications Society Annual Meeting, Denver, CO, USA, 1994,
pp. 1246-1250 vol.2, doi: 10.1109/IAS.1994.377556.

[7] T. Liu, T. T. Y. Wong and Z. J. Shen, “A New Characterization Technique
for Extracting Parasitic Inductances of SiC Power MOSFETs in Discrete
and Module Packages Based on Two-Port S-Parameters Measurement,” in
IEEE Transactions on Power Electronics, vol. 33, no. 11, pp. 9819-9833,
Nov. 2018, doi: 10.1109/TPEL.2017.2789240.

[8] T. Liu, R. Ning, T. T. Y. Wong and Z. J. Shen, “Equivalent circuit models
and model validation of SiC MOSFET oscillation phenomenon,” 2016
IEEE Energy Conversion Congress and Exposition (ECCE), Milwaukee,
WI, USA, 2016, pp. 1-8, doi: 10.1109/ECCE.2016.7855086.

[9] S. Hu, M. Wang, Z. Liang and X. He, ”A Frequency-Based Stray
Parameter Extraction Method Based on Oscillation in SiC MOSFET
Dynamics,” in IEEE Transactions on Power Electronics, vol. 36, no. 6,
pp. 6153-6157, June 2021, doi: 10.1109/TPEL.2020.3033801.

[10] V. Blasko, “Analysis of a hybrid PWM based on modified space-
vector and triangle-comparison methods,” in IEEE Transactions on In-
dustry Applications, vol. 33, no. 3, pp. 756-764, May-June 1997, doi:
10.1109/28.585866.

1124

Authorized licensed use limited to: J.R.D. Tata Memorial Library Indian Institute of Science Bengaluru. Downloaded on August 13,2024 at 09:55:28 UTC from IEEE Xplore.  Restrictions apply. 



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: none
     Shift: move up by 3.60 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20170330081459
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     675
     322
     Fixed
     Up
     3.6000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     5
     4
     5
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move up by 3.60 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     322
     Fixed
     Up
     3.6000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

      
       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     5
     0
     1
      

   1
  

 HistoryList_V1
 qi2base



