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Abstract

Power MOSFETS are devices that can support high drain voltage and finds application in inter-
face circuit design between different voltage modules of a system. The drain-extended NMOS (DeN-
MOS) is a low-voltage power MOSFET compatible with CMOS process technology and is used as a
switching device in electronic control units. For efficient performance at high-frequency switching ap-
plications, the gate charge of DeNMOS should be minimized to increase switching speed and reduce
switching losses. Hence, DeNMOS is optimized for high-switching applications by incorporating solu-
tions that reduce gate charges. Moreover, power device switching at very high current conditions in the
presence of unclamped inductive loads (UIL) is a critical concern when device turn-off increases the
lattice heating followed by secondary high current events like space charge modulation, regenerative
feedback, and finally, catastrophic thermal runaway. UIL switching from on-to-off state triggers the
parasitic bipolar to discharge the off-state drain current through the body diode. However, the presence
of off-state avalanche generation and subsequent self-heating effects can prevent the safe turn-off of the
device if secondary high current effects become dominant. This work presents various DeNMOS design
solutions to optimize the device's gate charge performance and electrothermal switching reliability with-
out compromising the DC safe operating area and avalanche reliability.

The first phase of work extensively examined the role of various drift region layout RESURF
solutions in optimizing the switching performance and electrothermal switching reliability of DeN-
MOS. Layout RESURF techniques have been used before to optimize the on-resistance and breakdown
voltage trade-off; however, the impact of RESURF on gate charge performance and electrothermal
switching reliability under unclamped inductive load conditions has not been explored. Therefore, a
comprehensive and comparative investigation of drift region engineering using RESURF solutions has
been presented to optimize the switching speed, loss, reverse recovery, and gate charge performance.
Moreover, the dependence of electrothermal switching reliability on drift region engineering using RE-
SUREF techniques with doping optimization has been presented for the first time in this work.

The second phase of work deals with RESURF techniques based on high-k dielectric field plate-
based techniques. The high-k dielectric is an efficient RESURF solution that can optimize the on-re-
sistance and breakdown voltage but limits the switching performance of the device due to large surface

charge accumulation. The Planar and Trench structure of DeNMOS using a high-k field plate has been



proposed to limit the surface charge accumulation without compromising the RESURF action. As a
result, proposed high-k DeNMOS have improved gate charge and reverse recovery performance and
high electrothermal switching reliability under UIS conditions.

Finally, in the last phase of work, techniques using body region engineering are presented to
enhance unclamped inductive load switching reliability without compromising the mixed signal perfor-
mance of the device. Avalanche ruggedness and robustness are the key factors that should be optimized
to improve UIS reliability. Past research used body region engineering solutions like doping or source
contact optimization to reduce the base resistance of parasitic bipolar to suppress the rate of carrier
injection from the source and improve the avalanche ruggedness of the device. The proposed body
contact and body region engineering solutions presented in this work achieve high avalanche rugged-
ness and enhanced robustness by improving the thermal stability of the device without compromising

the mixed signal performance of the device.
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I

grgy MOSFET UH 3UhIUT § S 3T 37 alecol I FHIT X Johd g 3R
faEcH & faffiest alees Alsge & dra 31-33%hd Afdhe fSammset A 3uderara §1 31
TFHESS NMOS (DeNMOS) Teh &hdH dlecol 9ral MOSFET § ST CMOS Hfehar
GieNTITehT o TATY T & 3R SHRT 3TANIT Selacifeloh [AIA0T ShSAT H [Tarddr
f3arsa & &9 & o ST &1 STa-3gf [Eafior seguaet & Here e & fog,
fEafear aifa sere 3R FEafier JHar i Hd HTe & fIT DeNMOS & 31T =TT
S fhaT ST TIfRT| ST, AT AT A el dTel GHTETAT T AT Flh
DeNMOS &I 3Ta-fEafear 3ot & v refehfole fohar aram g1 g8 37elrr,
3TFoFes g3fFea g (UIL) @rﬂﬁﬂﬁﬁa@mgﬂw’?ﬁ%ﬂﬁﬁw
Sarsw fEafier v 313k Riar o1 fawy §, 519 fBarsd d¢ g1 @ §ifcer s¢ S 8,
fSreeh STe ¥4 wTel AlSgRer, Yool Siafshar 3R 37d #, TR gae Td
ST 3T S TTATU gidl 81 UIL T Taf=ier 3iis-¢-3i Feufd & sist sris &
HATEIH Y 3HTH-FC 3oT I 1 [SEATST e & Tl YRITATEen BIT T ATe] AT B |
gTeleh, 3Tth-Eee UaT-oire &Y 3UTEATa 3R aTe & F-ifcar yera f3arsa & griard
THA-3Th T N Hebel § TG 3T h{C THTT FeTET 81 ST 8 | T hrd Sre {LfareT
JATORTET &1 3R Tar-ad [Aa@= 1 ar & TSI T [T o= 3arsd & I arer ye el
3R getorcrade Eafier [aeadeiaar &1 ejghiad ¥ & fov f&affest DeNmMOS
fEsiTgeT AT YEdd FRAT T

P & Ugel TXUT H DeN-MOS & FEafier el 3R seecrasa afder
faeaa=iardr &1 rjhiad wtet # faffieer f3e &7 A3M3C RESURF FATHTAT
HIAST & YR ST HT TS| HAMAEEE 3R Sh-813eT dlecol ¢38-3h
3feTohfolel X & I A3M3C RESURF ceheiiehl ol 3UNaT Tg ol 811 fohar ST et &;
gTellieh, A ATT JedleT 3R 3ieTFelrTs ssfaea oiis At & dgd solaer-ada
TEaf=ieT TA2aHIIdT 9T RESURF o THTT &l IdT oAe] oI 31T g | 39ToIT, TEaf=iar
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1Ty, B11eY, R Repady 3R 31e =Tt We el hY Jiefehiolcl &hdet & feTT RESURF HATETAT
T ST e TFFE & SN TAARIT T Ueh eATeh IR JelellcH D ST FE T T8
&1 SHeh 3Telal, ST 3fefehelel & ATY RESURF ceheilehl a1 3ULNET aeh T3 &1
SoNfaReT W SeiarerasTer afier faeaasiiadr &1 faRar & 50 e H ggell IR
T fohar IRT R |

I BT AT TUT §T5-h SISgeliareeh U IMUTR RESURF Teheilehl & Ha eI
€| 8TS-% STSgelidee Teh HUT RESURF THATLTS & it HiT-Iforeed 3R sehsr3ar
dlesT I 3Teehieid & Hehdll § ol fehal §9 Hclg TTol Hed oh hUT fSaATsy o FEafear
YT ol TfAT I AT &1 8T15-h PIes Tole ol 3YATIT ahleh DeNMOS FT TalaiT 3T
ST TIIAT 9118 315 & | RESURF ShRATS H THSIAT foh U ToAT Tdg ool I &l AifAd
el ST FEATT T Toh T I 8 | IRUTHETEY, TEATTdd 8T5-3h DeNMOS & UIS et
& dgd I Tt 3R Rad ReadY ueedie 3R 3= selarcruste Rafer faeaaetadr
AGYUR fharg |

HIH o e TOT H, Zasa & AHT e g & aasiar few f§ar
3eTFeires sfaea dis RafRier faaaeadr &I dei & fow a1ar o7 Sofifaaier
ST 3TN &t ATell cAehetieh &bl SECC TohaT STTT & | 3Tl $39Igad 3N Aaeeaid
THE hR 8 folee UIS faRa@=iiadr & GuR & foT 3ejehfod fohar = =g v | o
QT H AT T SolFcloT Soiarlel I &Y I gaTel 3R f3asa Fr ared Tedeaa 7
FUR el & fov QAR BIT & U31a & FA & & faw it ar svd dush
3efeholel SIQ STST &1 SOl AL aT FHTETET ohl ST fehaT 3T AT| 58 HR H FEIA
AT 1T AUeh 31X d13T 817 SollTIg 13T GATHT f3arsd o AfAT e yeeie
& FHESIIAT fhT e fSarsa & yefel TERRdT # FUR $ich 3T Udl-olie F391Gad
3R ¢ 9 ATECAH I1od FXA |
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