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Abstract

Power electronics is an area which is continuously improving the quality of human life and
enhancing the comforts of the mankind by assisting the machines to be operational. Power
devices operating in these machines channelize the flow of energy from the power source
to the load. These devices should be reliable, smaller in size, light weight, cost effective
and energy efficient. With the advancement in the designing and the manufacturing tech-
nology, the power devices are persistently evolved by the device engineers for the overall
enhancement of all of their parameters.

The bipolar junction transistors (BJT) were used initially in power applications but with
the development of the power metal oxide semiconductor field effect transistors (MOS-
FETs), they have completely replaced BJTs because the power MOSFETSs have a large
input impedance, faster operation, immunity to the second breakdown and negative tem-
perature coefficient which not only makes them less vulnerable to thermal runaway but
also makes them feasible for parallel conduction. MOSFETs should have a large current
carrying capability, high breakdown voltage, fast switching speed and low power losses.

There are several types of power MOSFETS such as the vertical devices e.g. the trench
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gate power MOSFET and the vertically diffused MOS (VDMOS) and the planar device e.g.
the laterally double diffused MOS (LDMOS). LDMOS has fabrication steps compatible
with CMOS process and also it has a higher stability and larger gain at high frequencies
compared to vertical devices. Planar devices can be integrated along with analog, digital
or mixed signal circuitry on a single chip to form a smart power integrated circuit (SPIC).
The SPICs have a good performance, increased functionality high reliability, large power

density and reduced design cycle.

The main focus of this work is to increase the breakdown voltage as well as to reduce
the ON-resistance of an LDMOS. Another issue examined in this work is the reduction of
fabrication complexity and find alternate ways to fabricate an LDMOS. Also with silicon
reaching its performance limit, InGaAs is explored for manufacturing LDMOS to improve
its overall performance. The following are the work done using TCAD simulations in this

thesis:

A stepped gate LDMOS using InGaAs is proposed which shows an improvement in
all the performance parameters e.g. breakdown voltage, ON-resistance, transconductance,
switching speed and gate charge compared to an LDMOS with a buried p™ region under
the channel. The increase in the breakdown voltage is ascribed to the electric field modu-
lation due to the stepped gate structure and the ON-resistance reduction is because of the

feasibility of high doping in the drift region due to the stepped gate architecture.

An LDMOS utilizing its parasitic BJT by biasing its body contact separately to turn ON

the BJT thus, increasing the ON current resulting in the reduction of ON-resistance and an

viii



increase in the switching speed compared to a conventional LDMOS.

The charge plasma concept is utilized in an LDMOS, which uses metals with different
work functions to form the hole and electron plasma. Its performance is comparable to that
of a conventional LDMOS.

A hexagonal shaped superjunction (SJ) LDMOS is proposed which has an improved
breakdown voltage and a lower ON-resistance compared to a conventional SJ-LDMOS.
Because of the hexagonal shape of the pillars, electric field modulation happens in the drift
region improving the breakdown voltage. The lower ON-resistance is due to more efficient
use of the channel for the flow of electrons because of the wider junction formed by the

channel and n—pillar.
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Te Slereliierd Teh UHT &1 & S ATeTd Sidet s 0Tl H SR UR Y 16T &

3R FAMNAT Fr IR=TeT F FETIAT IS AT S & ARTH 96T @I g1 ST
AT 7 T ¢ IR T3ATSH faSTell AT & IS deh Foll & JaTg i HeToiehd ]
81 ST 3TN I TARETAT, DI 3HR, Fooh dolel, SEIT FHIAT R Fail Herel
gl arfgw) Bamsfer ik R_fasTor gl 7 worfa & @y, Baea Seffart
CART 39 el ATl & FHIA J&i& & T forstell 3Uvll Y AR fafad
foraT ST &1 &

SISUTeR STeRleT IfoleeX (BJT) T 3UNeT & A UTaX 3iqudian & fohar Sirar ar
IfoheT ITaR Fed 3TFASS AHTigHe Fies Sthae gitoreel (MOSFET) & fasrd &
Y, 3egll T e § BIT AT sigel fG2AT & FIfh IR MOSFET # @fel g9
gFEdISed, dIoil & TR, Yehes Nehs3el A FIARET 3R APRIcHS dTIHTT 0T
S oT hdol 3og T A o ToIT e T JN9T FATdT § SToh Sog ULolol hosFeled
o oI 8ff eqagry ST 81 MOSFET # &3 fdegd Warg o Silel I &7, 324
SehsT3el dlecsl, dof Eafar e 3R e forstel I AT glar A1fg T




$s YPR & gral MOSFETS gld § S afeed f3asd 3eevr &g e graX
MOSFET 3R aféael Srgss MOS (VDMOS) 3R Telei¥ f3arsd 3emeior aleelr
f89ggs MOS (LDMOS)| LDMOS # CMOS %fshar & |1 Fard thfgeherst =@vor §
3R T aféener fSarsd 1 Jefell # 3oa INGRdT 9T 3w FEUTAT 3R o137 orey 8 8
Tsh THTE YT Secdics Ffdhe (SPIC) 9T & fAT taeR fBarsd i v /g ©
waTeiter, f3foreer ar fAfAa fesrer afddr & arer whrad faar S @dr 81 SPIC &t
3T Ye2ld §IdT &, SII&THTT H 39 faadaadr, J3r AfFd gedca 3R s
TTShel F el gIa 81

$H HIHA I LI hi0Theg Shs3ol dlecsl I TG & HY-HTT LDMOS &
IA-RIGEeT & 7 T & T §1 38 FH H ST T 316 Th 30T JHEAT
tisahereT 7 T & 3R LDMOS SeTTat & dafodes alieh! &l gad o1 S8 3Telral
fafereplet 379eiT JereleT HHAT T TgT= o 1Y, InGaAs HT LDMOS & {0 & faw
39 FHT Y&l # GUR & fT @Ie a1 §)1 56 Merele & TCAD fAFelerT #r
3TN e flFaAteliad & fRu e g

InGaAs T 3YJNTT Y Teh FEUS A LDMOS FEATA & i Tl 9G2TeT Alelehl H
UR few@Ter § 3eTe0T a8 sdhs3a dlec, JHia-Riceeed, giashsacd, Rafr
TS 3R e ATST & Jofall LDMOS & H1Y Ueh a8 p+ TsfeT weter foh s a2y
SehsI3el dlecsl H Jeftl TS AT HIHSAT & HRUT Felidge Hhlos AISTelRN & [T
fAeid & 3R Tz AT anféeear & HRUT 9819 &1 H 3o e H cgagdiar s
HROT 3iieT-Rigrecea $r T g




Teh LDMOS 3791 qaiiar BJT & 39T & BJT &1 dTe] ¥l & folU 31U+t €113 &
U @I IET Fleh, BJT I o] &leh 3ol A a31 &, o IRUTAETET
3iteT-Risieeea & el AR IRIRF LDMOS & Jerer  Feafeior arfa  geforgs &

TSl CATSHT 3TTROT T JAT LDMOS # fHaT ST &, S el 31R Selarelel ToltedT
STl o T fafdest aeh thereleT & AT UTIHT T ST FcT § 1 SHDAT F&del Teh
URYRe: LDMOS &I Tefell H Tl &

Teh geraTNleTel 3TTehR dTel JISTF2M (SJ) LDMOS ol 9&dTd & foras Teh aRaReh
SJ-LDMOS &I Tefell # g Sehsr3e dlecs AR HH Hia-Rigeesa §) ek &
gFATINETST TR T Tolg W, NehsT3el dlecst H FUR e dlel agTd &1 A faegd
8T ATSIART BT g1 YeTel 3 n-TTeR GART FATT IV AT SRl I To1g A
3ToA-RIGEC4 Fetereiel & TaTg & [oTT UeTel & 31TRIeh 30l 3TN & HRUTEIATY |
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