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Variable Switching Frequency C
ZVS Hange TWD Para“el Int An Improved di/dr-RCD Detection for Short-Circuit
Three-Phase Inverte

Jianliang Chen
and Zhen Xin 'Y,

Absiraoi—In this article, an improved varable swilching
trequency remo-valtsge switching (ZVS) control sirstegy is
proposed for two paralisl interiesved three-phase Inver-
ars. Disconlinuous pulsewidth modulation {3 adopled and
tull-renge ZV'S cen be achieved st any load or modutation
mtio. The critical swiching frequency can be easily cal-
culated in & digital controdier based on current ripple pre-
dietian insteed of ewrrsnt zem-crossing detection. No addi-
thanal high-frequency sensor or suxlliary cifeul |s nesded.
Compared with the continuous pulsewidih modulstion, the
swiiching trequency varistion renge is narrower and the fre-
guency caleulation equation iz simplified. In addition, lowsr
peak current ripple leade 1o lowesr current stress. Owing
to the high swiiching frequancy and the low inductsnce,
the size and the cost of the invertar can be significantly
reduced. A G.6-EW experimentsl profotype with SIC MOS-
FETs inlzrfacing 400-V dc with thres-phass 110-¥ ac grid

|5 developed 1o vertly the effectivensss of the proposed
control strategy.

trntipn Tesmie— Current ripple prediction (CRP), discontin
uous pulsewidih modulstion (DPWM), verisble swilching
frequeency. zera vallage switching (ZVS),
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Ju Xue™, Stdent Member, IEEE, Zhen Xin

Absiraci—Sificon  corbide  metal-oxide-semivonductor  Geld-
cifect tronsistor hos a smoller short-cirenit talerance, and hence,
requires fuster and more sccnrale short-circnit protection. One
prispective method is to combine fost dédt detection with oo in-
tegration creuit. The formwr s for detecting the extromely (st
incresse of short-circuit corrent, while the latier is for penerating
o seoled ecopy of the short-circuit corrent for comparisen with
o threshold. The infegration is almest always performed with o
resistive—cupucitive | RC) low-pass fitler doe (o its simplicity. How-
ever, il does ool prodece consistent resulis under different load
und fomlt conditions, which can, in o, coose the detection o
il An alternstive difde-RCD (RC 4+ diode) proteciive circoit has
thercfore been proposed o offer more secursie sod consistont
resulis, irrespective of the funll types. Design equutions for the
cirenit hove been derived lor implementing an experimental setup,
from which resulis huve proven the elfectiveness of the proposed

alby wrowd 500 didde-RCD proteciion.

Index  Terms—Gote-driver,  Kelvin-souree,  short-cireuit
protection, slicon  carbide (SiC)  metal-ovide-semiconductor
field-effect ronsistor (MOSFET .

L INTROGUACTION

ILICON earbide (5iC) métal-oxmde-semiconducton feld-

effect transistor (MOSFET) hos been designed 1o replace
silicon (51) insulated gate bipolor transistor (I0BT) i some
applications, where high temperniure reststunce, vollage resis-
tnce, nd switching spesd are essential {11, [2]. But, with
SiC MOSFET, short-Circuil protection will become mone com-
plex becanse of theee reasons. First, with o higher switching
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Extended Wide-Bandwidth Rogowski Current Se
Electronic Characteristic Shy

He La*™, Stiedenr Member, IEEE, Zhen Xin'

Abstraci— Beenase of their fast switching speeds. current men-
surements for wide hand-gop { WEBG) devices have become increas-
ingly challenging. Particulariy, the desipned curvent sensor must
be nomintrusive und hove o smoll Sre and o very wide bandwidib.
(e promising current sensor is the printed-circoit-board (PCB)Y
Raogowski current sensor, whose bandwidth is wide ooly if parasitic
parumeters of its mensuring enil are minimized prominently. This
is presently pchivved by reducing the number of turns of the coil,
which andesirably will degrade its signul-to-neise ratio. Altern-
tively, nn electronic charncteristic shaper propesed in this letter
cun be used for neutralizing parnsitic dffects, while performing
integration to restore the mensured current. Theoretical annlyses
undd experiments] results huve shown thut the resabting Rogowski
current senser dows indved hove o wider bandwidih, even withowt

unging its messuring coil.

fmdex - Terms—Umrment messurement,  ponted-cromt-bogrd
(PUK) Ropowski coil, prwer electromies, wide bamd-gap (WEG)
device,

L INTRODUCTION

OMPARED 1o pradditional silicon devices, power convern-

ers implemented with wide band-gap (WBG) devices,
such s silicon carbide {SiC) metl-oxide-semiconductor feld-
effect transistors, have o faster switching spead | 1] and o hisher
power density [2]. Those features, i mrn, demond current
sensors for measuring currents through the WBG devices 1o be
nonittrusive with bath g wide high-frequency bundwidth and a
sndll footprint, Precise shon-cirouit protection [3] and current
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Miniaturized Printed Circuit B
Coils for Power-Electronic ,

Yafei Shi

i I Absprace—Latest wide-hondgap power devices are switching
monitoring [4] & progressively Faster compared with existing sificon devices. Their
currenl sensrs: T accurnts corrent mensurements for either cantrol or protection
nontrivial with mi bave therefore become tougher. One method Uit con Tolfiil the re-
clirrent trunsform Auirements is to use o Rogowski coil and its sccompanied electron-
ics to form 0 Rogowskl corrent sensor with bigh bandwidth, small
volume. low cost, and ease ol integration. This article therefore aims
o review varisizs aspecis of the Rogowski corrend sensor from iy
can reach the unil history, measuring principles to modern power-electronic applica-
niomably not ideal] tions. The applications have, in turn, motivaled i progression from
with a bandwidtly traditional helical to recent minaturired printed cirooit booard
erad, especially  implementation. in order to improve the overall power density. This

* | progression has similarly been reviewed, together with its varions
Gy %o bl dl]('.-ﬁ'gn aspects applicd to the winding, integrotor, shiclding. and
ol its High-freque parameters of the Rogowski mrrent sensor. Future challenges and
the popular Hall-€ dicections ure then summmurized, whese ultimate goal is to masimize
always below | M eceurncy over o wide handwidth without beingaffected by mdiated
core. 1t i thus sin end sear-field-conpling interferences.

Instesd 0 ROBS  pugdey Ferme—Current scosar, printed cirout bowrd (PCI,
an integrator, has | Rogowsid coil. wide-bandgap semicondurior, wide bandwidih,
sensor, sinee 10 sul

Iy It has o wil

applicable
For instance, W

senging 5] [s o

nl se o [ INTRODUCTION

magneiic sa URRENT sensors have been widely used for measuring

Ccuncllls of compunents and systems for either control of

3} It is oniniy
mugnetic M protection [1]. They are uswlly of different rvpes, depending
netic eore 8 on the requirements of the considered applications. Comtnonly
3) It s smallll

stated requine ments are high accuracy, low power consumption,
h”’FL‘ il ¥ oy caonkt, small volume, of a combination of them 12]. Moreover,
Therefore, o P
the oplimal chois

i for megsuring §
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Review and Prospect of Short-circuit Failure and Degradation Mechanism of SiC MOSFET

KANG linnlang', XIN Zhen'”, CHEN Jinnliang', WANG Huai®, LI Wuhua'

(1. Smie Key Laboratery of Relmbility and Intelligence of Electnicnl Equipment | Heber University of Technology)
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S MOSFET can  greatly

mprove  the

compact system elficiency and power density of the converter, and has good

quirements, sind application prospects in high frequency, high lemperature nd
battulwidth, andfl pigh volinge field. However, the SiC MOSFET s pptlartzstion

imipedances in 8
tions, pssociobed
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Beginning wil] expior SiC MOSFET short-cireun degrudation: and - fuibure

width can be 18 B mectanism, that can provide puidance for the spplication of
lcunnot Measue g MOSFET devices und (e desipn of their profection
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sinitahle for o oo
then be cumsidin

circubts. Firsily, this papez summarized vanoes types of S0
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