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Abstract

Silicon-carbide (SiC) MOSFETS are poised to become the power semiconductor devices of
choice in the medium voltage automotive and renewable power electronics industry due to
their high voltage blocking capability, low switching losses, and the ability to operate at
high junction temperatures. To be able to operate at high switching speeds with optimal
switching performance, the power-loop design needs to be compact. Consequently, sensing
device current in such layouts with minimal intrusion in power-loop remains challenging.
Current sensing through these devices is pivotal to implement new and effective protection

and control techniques for these devices.

Rogowski coil-based current sensors are effective for sensing switching current through
SiC MOSFETSs owing to their high bandwidth and ease of integration in compact power-
loop layouts. Through a Printed Circuit Board (PCB) Rogowski coil design on a two-
layer PCB for a TO-247 SiC MOSFET, the thesis first demonstrates the design of PCB
coils with the aid of electromagnetic field computation. The design utilizes finite element
method (FEM) simulations to determine a suitable position for the PCB coil on the power
converter board and simultaneously computes the increase in the power-loop inductance
due to any changes in the layout. Therefore, an optimal position and size of the coil can
be reached with minimal intrusion inside the power-loop. The design approach delineates
the methodology of placing the coil inside compact power-loop layouts, characterizing the
electrical model of the coil, and further building the integrated model of the sensor for

complete characterization of its bandwidth.

Furthermore, based on the insights gained through the developed design methodology, a
single interconnect-based PCB coil design is presented in this thesis for a TO-247-4L SiC
MOSFET on a four-layered PCB. The PCB coil is fabricated near a single interconnect
trace between the power device and the DC busbar. To ensure minimal intrusion inside
the power-loop, the methodology of selecting the minimum trace length for a desired
mutual inductance between the coil and the interconnect trace is presented through finite-
element analysis. The design links the coil size to the interconnect trace length, therefore,
significantly simplifying the coil design process. The PCB coil is further interfaced with an
integrator to reproduce the device’s current signal and, thereafter, used for implementing
an ultrafast short-circuit protection scheme for SiC MOSFETs. Silicon Carbide (SiC)
MOSFETSs offer significant advantages in terms of improved efficiency and reduced size

of power electronic converters. However, they possess lesser short-circuit withstand time



v

(SCWT) than silicon devices. Experimental results for a SiC MOSFET subjected to a
hard switched fault (HSF) and a fault under load (FUL) are presented, and the protection

circuit response time under 25 nanoseconds is reported.

Lastly, to demonstrate other applications of the PCB coil-based current sensors for facil-
itating next-generation power converters, a condition monitoring technique for junction
temperature estimation of SiC MOSFETS is presented. The technique measures the turn-
on delay time with the aid of the current sensor and uses the temperature depending
on the delay on the junction temperature to estimate the junction temperature of the
device. Finally, utilizing the designed current sensor, the peak current-mode controller
design for a buck converter is presented. Therefore, the PCB coil is demonstrated to be an
effective alternative for the Hall effect and magnetic core-based sensors in current control

applications with DC/DC converters.



RIA
RATTBI-BTEIGS (SiC) MOSFETs (U I=d dlecyl ARy &Hdl, HH RN g SR I SR d1aHH |
BT B P & & HRU ALY dlecdl AT R AdIBRUNY Holl Folac e I I ydia & g1
Yriih ey YDV & b foIU dOR 81 g¥aH RafiT yaxi+ & a1y 3= R 1fd R b 1H 63 § Qe g &
foTT, UTaR-qU f$TI8d &1 HIda g1 AP gl Adioidd, UlaR-qu & FAdH 06 & 91y T Tsii3e o

{Eag BT BT U HAT gAY Xgdl ¢ 1 34 IUSRUI & HIHH ¥ IdHH HdG 51 SUBRUN & oL 75 3R
YUTA! YRET TR G0 A1l Bl AR B b o1 Ageayuf g

IMTD] HIgd-STHTRT TAHH AR 3T I dSfdgy SR HIfF JIaR-qU A3 & THIHR0 H ST B
PRI SiC MOSFETs & HIeTH ¥ AR dc &1 A9 o1 & 1T gHTd! €1 T0-247 Sic MOSFET & foT &l-uvd
it R T g Wb A (i) Aiowst wiee fyvme & e §, N e gy gty &= o
D1 gradl U URAe i & [Sorrgd o1 waiRid &l g1 fSHIg urar H-ack dis W URile digd & oy
e Rufd YR #=a & fore gRkferd aa A (ursus) RIgelRA &1 YT HRdl § IR A1y g1 ds3e &
fop i oft ST & BRI UTR-GU TSI | i D1 UM HRd1 8 | FHIT, UTaR-JU & e YAdH HUS & 1y
Dl B g¥aH R 3R HR db Ugdl ol Yohdl g1 [SolgT SfPBIU Bigel Bl HIHde YraR-JU AT &
3faR TG, Pisd & fdqyd Hied B! fafgd B IR g9 d8fdgy & ol Teur 9o & o AR & wdlad
IS ARSIl K RE A R AR KA R I ER RG]

& 3farar, fas Rid feuig ugfd & A1ead I Ui sidef® & SMUR W), 39 R 7 gr-uvd it iR 10-247-
4L SiC MOSFET & o0 Uth Udhdl crebac-SHTHUTRd URITeT hige fSTigd URqd foar 11 ¢ | YIRiel dhigd o urar
Eargy SR SRt UaR & ol R Sexpac <8 & g i far man g1 UraR-qu & sfex gAdd gqusd
AT B b T, Higd SR GBI ¢ & Sid difesd TRIYRD URUT &b {o1T YATH T TiaTg DI T B
! Ugfd yRMT-dd fa=u & Hreqs 3 URgd b1 STl 8| FSHIS BIgel SR Dl gcxb-d ¢ dels I Sllsd]
8, 3UITY, Sigd [STIS UishdT &1 HTHh! AR §-Id1 ¢ | URiTe dbigd &I (Sargd & aad Ryd &1 g 3da
HR P 1T T ST & 1Y ST Sl g 3R b 916, SiC MOSFETs & el Ueh e [BIRC Rlc-Hiche Y&
YIS &1 AR R o (o1 IUTRT [T STl g | RAfeieh 4 HIE1S (SiC) MOSFETs 48R G&fdl 3R UTaR gelde 1-ds
H4cY & DU SMBR & T T Hgdyul a1y UG Hd g1 gleilic, 344 RAfeieh I IUHRUN &1 goil & o
ic-Afdhe Fa- &1 9T (TRIesgc]) 8ld1 81 U gTs [aes Wie (HSF) 3R Tdh Hhie 38R dlS (FUL) & 3HefF
Sic MOSFET & foTT UrafTeh aRum URd fhT 1T §, SfR $25¢ A-IDhe & ded IR& Aidbe ufafshar w9g &1
IS B

3fd o, STl gl & Urar FH-acy o1 GauT & fo1e dRite Higa-SMemRd adH S¥R & 37 SN &1 UaiRid
PR P [QTY, sic MOSFETs & SR dATGHH UM & 1T teh fRUfq AR bl TRdd &1 718 g1 db-Id
JAAMH YR D1 gradl ¥ eH-3{19 facid T 1 Arudl g R fSargy & Siar diqaM &1 A a1 & e
SR AMYEH WR &30 & SIYR TR dT9HT &1 YA 6l g1 3fd ¥, [SHIg fhU MU adae J6R &1 Iugl
IRP, g HdeR & U RRR aaqH-AIs aae $oe- Ukdd a1 a1 81 39y, URile! digd &l
SRS H1adY & A1y ad A E=0 SuanT | glel UHTd 3R b1y HR-SMUTRT AR & fo1g b gHrdl
fdbey & U T yefRid fearmar gl
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