PONER LDMOS TRANSI STOR FI ELD OF THE | NVENTI ON [ 0001]
The present invention relates to sem conduct or
structures and nore particularly to laterally

di ffused MOS transi stors (LDMOS), and still nore
particularly to LDMOS transistors designed for |ow
vol tage power nanagenent applications. BACKGROUND OF
THE | NVENTI ON [ 0002] Power MOSFETs (netal oxide

sem conduct or ( i el f f ransi stors (FET))
are used as el e%i‘@%jﬂlﬂ\@ﬁ&rﬁmshﬁﬂﬁfrequency PVWM
(pul se width nodylation).applications such as voltage
regul ators and/ orﬁ]ﬁQ%Tg%%‘%@Tl(ﬂNpomr

[06R! | cat TROS e MaRsh 38atead SOMitGRIGSor WEEBres and more

switching tines are usually long, cost, size and

pagiulady foslaterally diffused MQRitranhisiersAEDMO®), prrdestidli omgarticularly to
' [ [ in PWM applications,
LoAfoS Bindans SHER By ek pdlid e Bestht BBCE: g
swi tching, which inposes an additional requirenent -
smal | internal capacitances - that nmake the MOSFET
desi gn chal | e BACKGROUNDI@R THEESVENTEOBXPENSi ve.

Special attention has been paid to the Gate-to-Drain
[00029d) capagdrt MOSFERS (iRt 68RECidAfGRAuctHLt ®IOSNGRId hefect
voltage transient tinme during swtching and is 'the )
trapgiders (R b tah usednesr elpatrie switphes der hightfrrauenyt BWiVh fpulse width

I ' r ral [ Ig%l%ll:
mo?ﬁl\lié)ﬁl(/@) &égea}t{ggggﬁihe% k@c[:alg@er%ﬂl%éﬁ%a%dkf‘aaselg)édjg‘gg%{lc [ eg-éwer
apficgfionisr S¥hatiownd uoload geit¢the8OWhere egitchingltifmos archmsudiyriged, cost,

. RE lications., To.mnimze the.parasitic soqurce
sief e BaseiineR W e Sty B8 aurpulbE PR trifiSs piben
usedubs PVaVie applatdomy thé araoliose nelse Gikhibdeshall e abds during

side of the die. The thick epitaxial _|ayer and P+
switthirg pdich impoggs;an addiionalgraemeat - sta deeprbcapyeinegsrethat
mal€\hE MOBhES hdés%n”@ﬁaile@%ﬁée REAPYtfen| Bmed WE g%@l?s%‘é.' BMpecial

- applications. A'so, both tevice concepts lead to a
atteptip fhas | gy paidofo thee GdicetpPreine (@gdd depacitancs, iam thisr sapacitance

-bj asing.ef fect known .for_ |ateral .
dett ev?%egl%( g%lpa%ggtéanglregg 5% ﬁ'émég 5?"%% gy g’ﬁemﬁﬁtd gpportant
parhmegor affsctiepthecofdhibg powgrlassd |imts the current
@aFdl i ng_capabj | i t{ of the transistor. Further, the
[0003] e| 0 gRrer arblatsgallygliffesed MOEFET (LDME devipesawe thick pitaxial
- 0 t o

o SE8CRIASC AT, 2 6 BENRENE ickons,
To glivigtizeotie parasifio 6Q#de Mdustance emthicrassemnbig eldyicesvee désgned on P+

subfst%tesaféa&iw\a g‘o%c%célgcrtr%dgw tcg Hlel bRk %}/d%dof the die. The thick epitaxial

layer and P+ substrate result in a high on resistance (Ryson) of the device, which is not

acceptable for power management applications. Also, both device concepts lead to a
stripe layout of the drain electrode. This in turn leads to a de-biasing effect known for
lateral devices (voltage drop along a stripe electrode under high current conditions) and
limits the current handling capability of the transistor. Further, the shield gate tends to be
laterally constrained to the space between the gate and the drain electrodes and is

applicable only to a stripe layout of the drain electrode.



devi ce performance (Rd,,~~ and Cgd) as well as
i nproved manufacturability. SUMVARY OF THE | NVENTI ON
[00051 A laterally diffused netal -oxi de-seni conduct or
transi stor device is provided conprising a doped
substrate having bottom and top surfaces and an
epitaxial |ayer thereover having an upper surface.
Source and drain regions of a first conductivity type
‘ﬁ forneg in the epltaX|aI er proximte the upper
08¢ ace Shere Femaps 2 2560 th qr%fg;@r or anHD MO FichirR Witk amaroved
deti8OhQRRAmRRING ;S PARRCd) GO HRAE nggeééa%mﬁ%nﬂéaﬂl g a
channel region™ of a Secon uctivity type forned
t herebetween in the epltaX|aI | ayer, the channe
regi on having a portion extendi ng under the source
regi on, wher ei NSUMMARY OF EHEANVENTONses a |ightly
doped drain region formed adjacent to the channe
[Oﬂﬁfﬁji on. A dhlﬂ&ldiy diffaded Cﬁﬁtﬂ-@hd&%@hﬁ:ﬁn(ﬂt&tcﬁ'pﬁ@ﬁﬁbtéﬂ dice is
channel region b | ightly doped draln regi on
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of a@sctndactoadudtivﬂyttm fdmmbd vharepeawednait thmepmadeyea,nm{e &hannel
sidewal | contacti.ng,.t he ce regi on an the orti.on
reggn [iang, A ARATD. KRS, GRS ARl SRR AR  grain Tegion

cothfiied B lightl{ dbpdd dramUtaibh fgtnca)@ackd tb Q{er@lemsw ®égidI€A doped
upper surface and_sidewal| surfaces of the conéictlve
dragiypontachregin is spased fiogy e channelrsaign by the lighityejaped drain region.
t t
A POGELIR o R 8 O 0 B BB Nl o SRR EfRes, the
contdutiéd gite foomed dver ogaje tietectrit lapen formdédager dredchinhe! region, the

sidewal | of. the tre and over .the first i
codgfif e ptialy SrseloBine dRnscurebctng i it A Hendy foofbrmea
thr@L(ghdl:i@ E[blklﬁla@ dyer atAeBEROME tdputacd bNBle kiisRhte] the RhdTERhving a
over active area of the transistor, i ncl udi ng over

botfqps %wléew&/@?mwmé HWBFPW%I%Mth%PO“IPHQ the channel
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electrode€ is electricall rain
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tio endln over the second insul ating
of ﬁlﬁﬁréfla} 0 aish Sheciet pyigHhecunt ¢ Favesdve 98 aaf aowall Sirfaces of

the conductive gate. A second insulating layer is formed over an active area of the

transistor, including over the continuous layer of conductive material, the second
insulating layer filling the trench. A drain electrode is electrically coupled to the drain
contact,

[0006] In embodiments of an LDMOS transistor, the drain electrode comprises a
first portion extending through the second insulating layer to electrically couple to the



[ 00071 The inproved LDMOS transi stor provides the
advant ageous swi tching performance of an LDMOS

transi stor while introducing a large current handling
capability due to a large vertical current flow and

| arge, continuous source and drain electrodes. At the
sane tinme, the pitch of the design of the device cell
is mnimzed by the inpl errent ation of the conti nuous

source contact structuyre whi provides for a hig
draim GORBFt dRh< esFops  Rortions sien lrl% %&g the; spgpad nlﬂﬁltlﬁfﬁ}& &yer to

su&yantlai@y&dv@meg&t%@éaea so smaller pitch nmeans
I er Rds*A) and resulting specific | ow

[OQﬂV]r esi sThadmpwied AOMO&nsinsistr . prévid¢shthe, advaitegeous switching

pelfRrEgis™ JOVES Siutifte waiE OB, 4 e qurrgphapaiing

ca;ﬁibﬂﬂ% Que GO Al lafbid Oktsticub RakeH: i flefy bRy Blrge, oatiRRNE rsblbUé lafidh drain
substrate to the overall resistance of th
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aterally diffused netal - oxi de-sem conduct or
chamahkmstx)ﬁl edepacds Rds 1aR§©mubtpbwl bie theitrap$istdi #rga, 80 dopléet pitch

me%fil %ngalla} ?d%' A r?sl(%)l % gg@c@fi Ry ogxpo esm?aﬁge otatﬂg trg?%ésé%';. Further,

axia
thesmyrmdalmdm&demﬂegnooms ﬁfanﬂfaémﬂﬁg admdigest, ia¥ iviagioust glpr@ents
formed in_the e axi al, | ayer rQXI te the up
cay L??Fgg dgf&"{nh% SHI$HS Fontipuop ;98? CPH% aSbu ﬂ’é %qalgﬁawav (Pt the
suBs@icQb ShdSpdl] RERGRE Jf tRENISNE: RNRLIRigcandly RétiaRd 16w level by
channel region of a second conductivity type fornmed

usipg sphsiatenbaing Yﬁﬁlﬂ?’@pﬂkﬂ%ﬁﬁ%l | ayer, the channel
[0(?(%! on alier 13 lﬁr ?1&1%&6& Qn.£35:80dL g Undes t}agglstgf Hé‘ﬁl?ﬁf 3i/s also

egl on, aln region conprises a
prailmmdndndmg af &@ped Bubsufateekhvary ’ﬂﬁt&mt aﬁd) téphaurfabesngel an epitaxial

oped dra| ont act on S aceg f omtge. )
layer, isrsal e %m@@nagpp% AEGH0Ye 4B BFNFRINS ObgfsH:copductivity
type Qb HwQhe @;%Eaxla? ha?y@zt ﬁﬂoﬁﬁ‘ﬁdté/ tHéQi;bB!:ﬂ ngfaé@Sf e léf)ffz@ual layer, the
reglon and channel ‘region to thé substrate; and

sowremhehdodrpipagegjonsdbaingApaepdafrony pp@anoémnrfaa@ba‘amgja ghaaaelapglon of a
t i
secglﬁg lcglgc%r%}né&)}‘g?g ?&%? méé&egﬁée% th& %%ﬁ%}( ?&I{yela ﬂgea&i%ﬁeel region

over th egi on
hadogdypottionexgadiag updﬂrttheséoluycewgoﬂa apteiaiy thehizais oegiorecaungtises a

RO T
reghif dpacR! Bdm thechahis bd; g;r;ﬁneoy 10 BBy ddjRd deuh Hﬁmn a source contact

architecture places the body region of the
elegiaigalbe copplingh eswsqer geion aich shagehiregen g tb%lrsrlb%wase rpgd a
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forgled gived & gﬁtle elidecittic talyer foodgd Dvﬁrdh@channﬂmegiumdhe oondustiwgogate
pa%ig&? P\téepr p gltllapssg)gf’cetagd %ragnepego%sl Me ghang]ell}gglon ¥nd lightly doped

drain regions are doped to a depth to abut the top surface of the substrate.

[0009] The doping architecture places the body region of the LDMOS device on
the substrate, meaning minority carriers no longer need to flow laterally to the source
contact during the avalanche condition (i.e., when the electric field at the body-to-drain

PN-junction is so high that it leads to a generation of minority carriers by impact



ionization) as a shorter path is provided to the

substrate. This assures that there is no turn-on of

the parasitic bipolar transistor what woul d destroy

the device. Still further, the breakdown behavior is

i nproved by formng a junction between the lightly

doped drain region and the substrate. At high

bl ocki ng vol tage, high electrlc fields that are spread

lLaterally by the field plate are |ocaljzed around the
lor]l@ﬁele)i Brd Blé?tfwé@ﬁﬂltlﬁ Fravidedt tp dhe suhshaten gThiy psghies yha dhrae is no
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[0012] The above and other features of the present invention will be better
understood from the following detailed description of the preferred embodiments of the

invention that is provided in connection with the accompanying drawings.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00131 The
acconpanyi ng draw ngs, which are not drawn to scale
unl ess otherw se stated, illustrate preferred

enbodi nents of the invention, as well as other
informati on pertinent to the disclosure, in which:
FIG | is an illustration of a LDMOS transistor; FIG
2 is an illustration of an inproved LDMOS transistor
according to_th a]?‘!!L?resent invention: FIG 3 |s an

|Ilustrat|o§1ﬂ OF THEJARASYINGS
[0 ?f%r oved %mﬁ% F.\tann%f WHilh e %Y'&}gwﬁl QUfséa% unless

ustration of another
othghwiee Isatﬂdv elilstrbtadprﬁﬁintd afmboliandrip oH vhed invidMBS as well as other

. ansi st 2 and 3 fornmed on an N-doped

1nf1g%ag1topg{3@melgﬁathﬁcgzlq§ mEE ) Ustration of an
exeﬂnharfgaﬁnh@ﬁlatmr&aanmomfahﬁ@tﬁﬁl L DMOS transi st or
according to the present inventjon. DETAIL

DESEHY- panlmnliéiesfzﬁil%so (Aetnmeyes EDMGR t'faaﬁiﬁtewaﬁ@rdmg to the
préd@R@ieng@icentrati ons are distinguished using the
follow ng notations: (a) N++orP++: dopant
conEEmt¥ @ a:oﬂl:ust&tiO@  ant AeBlakB empbdimeat off arPimprdogsahPMOS
th 8 to 5xI01' atonms/cm; (c) N or
“a%%‘g”’qlﬁﬁ LBtk f’‘i(ljtf"’(r)jfar?’%r 5XI 016 to 1XI 011 at oMS/ CVB;
(d) FN} oris RBn: illdepaioh @IOmﬂr& raaﬁerrativ@fembwﬁileﬁt 0f thx ltpmved
/ CIVIL1- N- - - ant. concentrati on <
Lﬁﬁ&%‘?ﬂﬂ%ﬁ%@% 39@6 5f9rrmd@ 1 GoBse SUPHIRE BT on of
a LBMDS g ﬁﬂﬁhfsﬁr&[ond@ﬁ/é& 8xehihlar§ R@Mckirké lof aa;slchamei LDMOS
n-charnel device. The transistor structure
trapgisteraceerding telfhefpsesenftinpntior. art transi stor featur es,
such as described in U S. Patent No. 6,831,332 to

D Anna et al., and in U S, Patent No. 5,252,848 to
Adler et al., the entirety of which are hereby

i ncor porated by ' di scussed | ater
in nore detail. Tﬁg&ﬁ&§ﬁ§§§ﬁ§#ﬁg&gﬁ re 10 includes a
[O(ﬁ?g‘ condyetREd hERFL, M efoli&vlnﬁ\kﬂoéﬁlt éoﬂcéxﬁﬁtlbﬁg Hl%t diddirfRhished
odinent, is a highly doped ['1con wafer
USldg)Ei?éd‘OHﬁWhg pofabens: A source el ectr ode ( not shown) is
couph ed 0 b 312 when
theebrangggkg?+£t%§) u(§8§%%88n9 Nﬂ%%h%éS1
®) N+ or P+: dopant concentration of 1}w;1018 to 5x10' atoms/cm’;

©) N or P: dopant concentration of 5x10'° to 1x10'® atoms/cm?®;

(d)  N-orP-: dopant concentration of 1x10"* to 5x10'® atoms/cm?;

(e) N-- or P—-: dopant concentration < 1x10" atoms/cm”.
[0015] FIG. 1 is an illustration of a LDMOS transistor device 10, specifically an
n-channel device. The transistor structure 10 illustrates different prior art transistor
features, such as described in U.S. Patent No. 6,831,332 to D’Anna et al., and in U.S,
Patent No. 5,252,848 to Adler et al., the entirety of which are hereby incorporated by
reference herein and discussed later in more detail. The transistor structure 10 includes a
semiconductor substrate 12, which, in the illustrated embodiment, is a highly doped (P+)
silicon wafer doped with boron. A source electrode (not shown) is coupled to the bottom

surface of substrate 12 when the transistor structure 10 is packaged.



[00161 A lightly doped silicon epitaxial layer 14 is
formed over the substrate 12 and has an upper surface
16. In the illustrated transistor 10, the epitaxial

| ayer 14 has a dopant concentration of P-. The
epitaxial layer 14 is relatively thick, such as having
a thickness between about 5 to 8 gm to provide a

hi gh breakdown voltage. [00171 A conductive gate 18

verl|ies the upper surface 16 of the epitaxial |ay
(0416 The Adkabti¥doned YHew %ta@ahlmrslésw&p ofmRsletver Hﬁé&bstrate 12

an@ﬁwaﬁi hpePSurkRY 6. %Qtﬁea ﬂ;ﬁgtﬁfbdtt%@i@mr %0 | he btk eﬂlya%r %2 hes a

rnmed therein or thereover. The con uctlve gate
dom@t pententvationaof Byatldhedipéhdal leyer 14aipaelativily udk sach as havmg a

i GRER BB ol 30 i HBERERE RS Tegi on
[om]i s f oareddesing |g@tteel|SYO\)«MlieB|ﬂib uSiRk bavfacal 16| FVBE efithxail tayer
ornms an enhanced drift region a(£acent to nore

14h a8 condughysente 43 sompphsspR émf(errd@g? polysilicandayss 20 exitly angppper
silidTae Qaﬁ:? ay 'fbﬂneﬁ%&gms&%&@odegp 'I\'I{E tonRLPD gaotg g 8 id ftmed over a

enhariced drain drift region I ncreases
gatd diglecttio laye24 sudr enkagwisingo$ lﬂ)a,gbnnf:d ta hehitkDpmShbetween about
15615 dptare 10. 100191 A body region 32 having P-type
dopants and having a dopant concentration of Pis

[061®] med i Dighfy tdvpe@| drhiay @D régieh S i fommbde Bbi@pletely within
bet ween the source 30 and enhanced drain region 2
epifaytalilagr 44 @nd faaps ?Izeem@ﬁcetdh@?fé Besiom adiaceat o AR beaydy doped

dra%PHﬁIﬁ&ltqg,ﬂBﬁ% 2Rl Y6k frofd 1581"] KAV ﬁ@pc? sohrek %% ahtSregion 30.

ep03|te In a s ow trenc regi o or ned
The gnhang¢d rairhdmfy g¢gl¢rhé6 apireasss the dlrayéw-smeabmaltdmm voltage of

sidewal | s of the source inplant
ﬂwﬁg§?§§%§85 dngody region 32. A highly doped body

[00a9)t act AeBb@® RBioni S2f QavVIRE PHypeh opaitd aaﬁualhahﬂgea aépant
and shorts the body region 32 to the caontact_ plug

congapfratiqa of Bris fwmed fmantsala} lgyerrid agdhas ¢ sytwegion beéwsert tlha gource
h
30 Ly Erﬂﬁn&‘&l{{r&ﬁo% @‘gg’\j\.ﬁgg‘#{ﬁ? ﬁgzhgzglgyél%ﬁfn%&e%%@&ns QWA ductive

[ 00201 The s egi on and 't he
Sous@mcm@a: phigaidt also kdewn nes sirtker ipdefosited int mshatl:luwrteamt:h region

t ed h '
SR hitigh A% YRAANENG, OB bt Mo i theffyatss of
thelsSuﬁé) nﬁpl@dﬂ: reglad 30 tind B Sedion 32. gﬁgggzlﬁ d@fbd%dﬁ}:@?ﬁdt dpion 36
rr act |on| ation, i nsul ation
is ff)agﬁﬁr e Pélt@‘er%'f Yostr o9 and Shastsdhe ive%v gipngiZaiothe aotag plug 34
and ﬁﬁ' QRdact PR g 3 ﬁoto B¥RUbItAS FRNGHMCHLY & gRt &uﬁ:‘ec@é’?ﬁlohé coupled
(formng si spacers) and upper surface of

thegpig @oti hova. mell as over t he enhanced drain drlft
[062%?' on 2'Phe short%?wecn the %Xc? [ ?eg?on 32 and the source contact 30 defines

the path for the current generated during the avalanche condition, i.e., when the electric
field at the body-to-drain PN-junction is so high that it leads to a generation of minority
carriers by impact ionization.

[0021) An insulation layer 38 is formed over the source and drain implant regions
28, 30, over the conductive gate stdewalls (forming sidewall spacers) and upper surface
of the gate 18, as well as over the enhanced drain drift region 26. A layer or layers of

conductive material is formed over the gate 18, a gate sidewall proximate to the drain



conductive material is formed over the gate 18, a gate

sidewal | proximate to the drain 6 inplant region 28,

and a portion of insulation |ayer 38 overlying the

enhanced drift region 26, such as described in U S,

Patent No. 5,252,848 to Adler et al. The conductive

| ayer or layers conprise a region formng a shield

el ectrode 40 and a region formng a field plate 42.
00221 A econd insulatjon | ayer 44 overlies t

i (F8iqnetf md dwppmiog of dﬁf%ton eyt gverbiing éhet ﬁ&a@qeﬁ drift
regfuﬁh ﬁ"'s&éh & dWrbed M B19) PRIRCNE. 008524018118 AR et Al IDhe coP]ducnve
ormed. Drain electrode 46 has a finger-shape, suc
layss o lagous comptises: reneforming, a ghigd £leBode 40 BdAamegiest forming a
ﬁqﬁfhéQ9231 The problens with this structure relate to
resistive contribution of the P+ substrate, and

[onm de bAag‘ecmi pishiaidn 50144 ioRerliks qie hdtive frbgl6Q witl RE€contact
of the drain electrode. Al so, as the sinker
OPWé%g é

Shepein pp Wiphs matab dfqlﬁ 6@@50@ {is partigdyfasmegd  Drain
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clegizrier AlOppt {herspker has toeseaghpihg substiaks hequgh gr thigkpitagal layer
adl triBu@ f R th s
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10Q yseised psct 98ited in @ yoliageirpdylpicalagratir seply 196 faeeaswle, Frerver
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siliOPaE bt e Ty, doped Gt P 3t apnrSoth abHppagnd hatie P+
dop”ﬁﬁﬁ&oﬂ@érﬁfaﬁbﬁtb lAysduae ddectrBil€ v Sisovaf) dmptising B RBAdREvAMaterial
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sucg g Ji is soumed tonhe bettam swdeceof theeibstraind | S dwing parkaging
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forne this desiredt ness processes
ovegribe retlatcebgttmm whidfaceyqfi tbal Sutastta&e ddde Inoam cmbnnpiayenﬂbcmiﬁment,
subts@zﬁe R12555% ti%ness of less than 100 pm, and preferably less than about 75 um

(about 3 mils), and most preferably has a thickness equal to about 50 pym (2 mils),

thereby minimizing the contribution of the substrate to the on-resistance of the transistor.
The substrate can be grinded and etched, or otherwise formed, to this desired thickness.
Such processes, if undertaken, would typically be done toward the end of the processing
of the substrate wafer.

[0026] An epitaxial layer 114 is formed over the substrate 112 and has an upper

surface 116. In certain embodiments, the epitaxial layer 114 can have dopants of N



of the substrate wafer. [00261 An epitaxial |ayer 114

is formed over the substrate 112 and has an upper

surface 116. In certain enbodi nents, the epitaxial

| ayer 114 can have dopants of N 7 (arsenic or

phosphorous) or P (boron) dopant type and a dopant
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epitaxial layer 114. Lightly doped drain region
008, 12 AL A R Bk 4o
epitaezl bager Kl 4f drighely doped drain region 126 is formed completely within epitaxial
layer 114 and forms an enhanced drift region. The enhanced drift region is formed
abutting or at least proximate to the upper surface 116 of layer 114 and, in an exemplary
embodiment, extends for the thickness of epitaxial layer 114 down to the upper surface of
substrate 112. The lightly doped drain region 126 forms a PN junction with the substrate
112 and provides a pre-defined space between the substrate 112 and the drain contact

region 128 to pin the location of the electric breakdown of the field transistor. By doing



abutting or at |least proximate to the upper surface
116 of layer 114 and, in an exenplary enbodi nent,
extends for the thickness of epitaxial |layer 114 down
to the upper surface of substrate 112. The lightly
doped drain region 126 fornms a PN junction with the
substrate 112 and provides a pre-defined space
between the substrate 112 and the drain contact
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In I‘Ehe case of the device 100, the minority carriers
flowing into the body region 132 will flow the shortest path to the substrate 112 (i.e.,
through region 132 and not contact 150), which is at ground potential and will not cause

any significant voltage drop.



exagger at ed heat dissipation and |leads to a

destruction of the device. The usual way to protect

the transi stor against the bipolar effect is to insure

a low resistance of the body region underneath the

source inplant 130 and to make the | ateral extension

of the body region 132 as short as possible. In the

case of the devi ce 100, the mnority carriers flow ng

into the bod ion 132 will flow the shortest path
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[0033] Further, the value of the Coss (i.e., (Cds + Cdg)) can be adjusted by the
choice of the thickness of the insulating layer 144 between the shield electrode 154 and
the drain electrode 148. Some applications demand a large output capacitance to

minimize the ringing of the drain voltage during switching. Actually a more efficient

10



the overlap regi on between gate 118 and drain 126 is
m ni mal, and the coupling between the gate el ectrode
118 and the drain electrode 148 is cut out by the
shield el ectrode 154. Thus, the ratio of Cgd/ Cgs
capacitances is inherently small and can be further
adjusted by a reduction of the thickness of the
insulating |ayer 138 which increases the capacitance
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{one of above) and a barrier layer (e.g., Ti, TIN or Ti/TiN). The continuous layer 150
forms a source contact that shorts the source implant region 130, body region 132 and
highly doped contact region 136. Further, the continuous layer 150 extends over
insulation layer 138, over gate 118 and the sidewall spacers of the gate 118 to form a gate
shield 154, which shields the gate 118 and source 130 from the drain electrode. Still
further, the continuous layer 150 extends over a portion of the insulation layer 138 that is

formed over lightly doped region 126 to form a field plate portion 152. As those in the
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stacked conductive layers or materials. In exenplary
enbodi nents, the |layer 150 conprises a conductive
mat eri al selected fromthe group consisting of
Polysilicon/fW W52, TiSi2 or COSi2, fornmed to a
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IMEHKTE SP e gate shield to the source. Further, there
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part of the drain implant region 128. A layer of metal, preferably W deposited by CVD
and called a W plug, is then deposited to fill the via 146. Actually the typical W plug
recipe includes a deposition of a Ti/TiN/W followed by a removal of the excess of the
metal by CMP (Chemical-Mechanical Polish). The CMP is stopped on the surface of the
insulating layer 144 and leaves a perfectly flat surface. The W plug step is followed by a

sputter of Ti/TiN/Al metal stack 148 to form a continuous drain electrode and to
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i nsul ation |ayer may conprise one or nore dielectric

| ayers, and preferably conprises a Si Q2 or Si OxNy

deposited at | ow tenperature and optionally foll owed

by a deposition of BPSG (Boron Doped Phosphosilicate
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nsul-at ron T ayer
elep@ddeg tHeeIDMDS 000Mad shcﬁbﬁﬂimFIe} ecp:roodles tdnapltamal 1ayer 114 that is

ubst ntlaII cove s onl on th ive area .o
fullyeQye tﬁ e*z%q%sreglﬁarﬁz @gq fightly fleped, fﬂg.re%l@a 126
abutQfe Qﬁﬂtrﬁ% qq2| r’thsl $api amﬁfécﬁ?é:iﬂa&%qhe whiy RgloBBFIRILDMOS

roomfor gate contact(s). These cells are connected in
deyieg HIQ @ the substtaigwmkzniels irpriey cardergao lenger vaeddo flay laterally to

0 e 0 ith [ f
AR MO h Bl OB LD bl BOSIecEfa
bodl;etot -dreini HN’@[IICHOIII] ist @ktﬁgh fhat it ledy a0 b @epeeratfonaofdevmbisy omﬁelns by

erti.c current Qw Wi t ny .de- bi.asing.
imct S+ P RO SHTeh B BIPHAp SBF SHORGRE. 1Py s tha
thefeRR W Aerh Ll JT8hd I%Jkﬁic%iﬁ)lﬁﬂﬁbnsﬁtbf Wakiubsuld 8éstrol) ehesiRiicee
contact, gate shield and field plate, as well as

[094%br ovedSill Suther,cthe draalsdisyn behavioDNOBNIOgedaky &moiwe & gunction
betj\ijegn gh gﬁﬁl)} 98 edatﬂ'a%p %f%?xh e éﬂ%M%?izla%}j hjéﬁl i)l%cking

OVEr ody region
volta@hhilgy dnkntmﬁﬁddsaﬂnat meg;pmad lzﬂ&allyilbytthet fied pldis tl s 2tare localized

Thi s. do |n architectu |.ace e bod ion .
i el TS er ek B Sus sl 12 RE LoD fegiom g, “ S fumetion
goéEl ARy tht ¥vAadhk @b&difiéh FiRNIThe H@;ﬂﬂg hRhitdctve imr&ka thy rélRbility
t he source contact during the aval anche conditian

of the & DMQA elransistor el08casr jtcmpyes| e diot topmiery &yaway- emy the gate
dlelf’%‘iﬁmu gL 24, Eﬁmﬁﬁtlﬁ% ﬂ%& Japx?ér 1{%]{5%41(?@]%5&%&5 adsib%ﬁ?erdg\;/fﬂ? Brior art

rlty carrier zat1on
dewtesr tFarthgatore, i the pwaiamcdhe Cbotldltlbh euggdsess ais exf Ifa@ticuldyi imterest in
po%grséjlorpﬁgatltogg %vhere high voltage spikes can occur and the transistor is supposed to
absorb the energy generated during these short time periods.
[0042] FIG. 3 is an alternative embodiment of an improved LDMOS transistor
200. The transistor 200 is identical to the transistor 100 of FIG. 2 except for epitaxial
layer 214, which includes a buffer region 202 formed between the substrate 112 262 and

the compressed body region 232 and lightly doped drain region 226. In an exemplary
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there is no turn-on of the parasitic bipolar
transi stor what woul d destroy the device. 100411
Still further, the breakdown behavior is inproved by
formng a junction between the lightly doped drain
region 126 and the substrate 112. At hi gh bl ocki ng

vol tage, high electric fields that are spread
laterally by the field plate 152 are | ocalized around

the junction between the substrate 112 and the LDD
empediiisht, 1@@uf&hre§10p1@&8tcp@ﬁmeg@é§yeir af glieenedopgd Wtk ghdopants at a

cof eﬁtgétt?h%atug.l' mﬁ g[r% L @giog'&g RbLRGEAES dHRE %aéﬁegmezaz

istor 100 as It
The rbaffb:olayaaiﬁﬁ gngs mars1 s bf emartd eorgzait dayedil 80 ez;d i p,referably

2 t
forg@ St p Bckpefi HA BB d“f*o GEhiL ok SiEL PRI RP PO R tave
202vakaneh ebycmgl itiplitdtiot GFOBR G ihtd thé epiammquy@rzm before the
interest in | i cations where high vyolt
forgsfige f e gaiscddr RAUHRGLaY S et 9 LIPRIFED el dpoumented
Sh&pﬁﬁﬁﬁelteﬂ%ctg Bg 'hglé r%QB L kS atihE dBSl G RERBiof BES ndt 'ré'%h tc%o far

peri ods. Is an alternative enbodi nent
interthé wpmwbd Thevmdter rlayesi ascoproviss.a Figenst faans ibstiar C(m(gel and
t S F
S e el SIS i PRePhaCt R, et i
betwegn tie &0ia doataserteivat M8emdtthe bafidrshyatd92 1dithe? 1132 necen the

the conpressed body regi on 232 d Lightly. d d drain
drain gt 8 A gl rallsfaceﬂ%n% f?ﬁ%ﬁﬁ fhGe pipr o the
bréa@&vﬁﬂv@&%e GOLREISE R e ldRYRke Bbtwabh tHeQRaidl @BREctWebiBn 128 and

-dopants at a_ concentration equal to or greater than

thet ﬂﬁfu@ aprofiteon€ dhe dapans nsuppliedh by Hibelysubgigito ninogther wods, th
br chrvﬁ{ \i%l%%g fn &nggfr’ keﬁ# ﬁeﬁ%ﬁs §h gﬁr Hic tsggg 8 lépff 19 e‘?ﬁﬁd on

ayer and era nes
meklkapmgenn@dntraﬂiorﬂm?.hd mbbtrfc grhrtch phraneiees mbmdbwmﬂrolled}éghﬂy.

f f I 202 db
{0 oﬁrl n ?qgg ’éﬁh*{“’;ﬁ{ Tr:vqgﬁy@ y %%2&5%11 2t’nrf ?}ée opower channel
res| B bbAPared (4 PenfiplePadis, o9 Ry Bl RS or A3 HEhUPEmel

to suppress the well docunmented "short channél effects

devigestodlep mugh higherresistancen thanthabsegitse oiiem?2 roeyiives bighe. FIG. 4
is ﬁ}oﬁlugt?aﬁgg og grgotfég mboﬁfn?en{ ermbg%pﬁﬂrg LHIWO? %gtml {U&E an n-

neans ontro
chanmplr ddmm i fabtiyataf oh elolr eaisthnen n‘odmhatdigei:)su‘htet 3. The device

e e TSt o THirehEBa oy on st substrate

317.at her than between the drain contact region 128 and

t he upper surface of the substrate 112. In the prior
100d4] | t heThe LOMQS Wransistor 30@ of $1Gehds ﬂie\@ﬂeomtalﬂeresxﬁects to the

tmgg %u& on})@?%\?:a ct efopﬁarl (3)6)% P@Sg%%p ed bjiﬁé}]lg%pe& Bitact

rembsw &brened lin thé INEH’ swistrats, 3 12hend B&enhalpelcﬂa\mglmn Boadernied in the
sidgbr?lg 5£§pé§21x1a[5‘£§§? eﬁgdﬂ _%lﬁgnq ﬂ%ehtle‘entcﬁI 1%( n"la‘ﬁ P+ dopela region 302 assures
a good ohmic contact between the body and buffer regions 232 and 202, and the metal

contact layer 150 creating an electric short with the source region 130 and the substrate
312. In Fig 3 the buffer layer 202 forms an intrinsic good contact to the substrate — there
is no PN barrier like in FIG. 4. In the embodiment according to FIG. 4, the buffer layer

202 has to provide enough charge to accommodate the depletion layer extending from the
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t he doping concentration in the substrate which
paraneters can not be controlled tightly. [00431

Al t hough n-channel devices may be preferred for their
| ower channel resistance conpared to p-channe

devi ces, the p-doped substrates of prior art n-channe
devi ces offer nuch higher resistances than
ii-substrates, often 2 to 3 times higher. FIG 4 is
an |IIustrat|on of anot her enbodi ment of an exenpl ar.

y
LOhugaton Patsingk b Mk fere dhatnine Grmme) nereber cler ke parasitic NPN
|
i ESHELEAE e S A ACE o MRS 121
1w¥@mnmgmg)$@Ewmébcbmphewﬁmntr|butlon of the substrate

. 100 ns,. st 00 qf FI 4 1S .the
0@, | 8 § B iR ror Sr gt RS hvig 400
sinfilee Q@tcoﬁﬁfuch%n do ABél nSohsdel Aleicasl detaidedt athive) leﬂceﬁ@@ﬁ@cscnbed

contact region 336 fornmed in the N+ substrate 3

belgie [AM@Semsisogn inbridetsc s |O7-FoRiianes s aped %ﬂbstrate 412
ha\gg%g%)épﬂxlél WRE 43440l a6EBSvel D g’hg L g}ﬁmaljl 41028 P+ doped

egl on 302 assures a goo c contact between
draim'enlﬂmdyeamd42ﬁ1mtddi‘+ dapyil @MCleandcﬁaﬂﬁ(hfmntmélem afn n-

con r 150 eat ctri,c,shor
dof b i redi3p L7253 hled Bafipllf whuidne hndtolile, BliE 115,
forhirl]hﬁg £t’:hdna§ﬂ€ther3ﬁﬁlef] ,Qhiisodte inittlaiFr)tltl fe&dion Md?mEMﬁdép&ngced
e su te - there  is no rrier lLike in FI
realﬁn &é‘ 3 iebYRen Shechnidyiresion 53 the, drapnfmplapt fegfon 428.

A ﬂll%M?rdopg@@m%oﬁtﬁctQEﬁﬁh dss %ﬂﬁiﬁ%té&hﬁfo&ﬁe N@ SAEGAEPIAL Form

depl etion layer extending fromthe 14 LDD region
lovp pegistaaericantacirhriesthe subgirater 4@ a@drihesourgrrontact formedhiom the

coffEA5L i 850 WP B0 630803 e RRESR AR NELITE g

thahaltcgtmwrregtgﬂn 43Distopmpeddesydeh ehdsupstrae 4 Brdridahe bddyOxhid Enhanced

&% |Ilﬁ§énﬁ%es an embodi ment of a p-charnel LDMOS
fire lar in construction to the n-channel

[0 5 | ces AehiRl dhetheRRA¥E of B¥FERdBRaRE S RREy JREH04¥] devices,

transistor 400°is fabricated on a | owresi stance
theN%rdnbéwns abghe atte sylispraten oy ithey oaﬁe:@qjmtcaxcpfathel dgpages4igpomes

inc%e%.rai;ﬁ?griﬁl ﬁ@&%ﬁ -Epﬁ%%ggt&%&ﬂlgl beg h%%éerht% e? T‘f"g g#f‘sﬁvity

soufce §
frorxﬁgblmmél&&vfoef tmﬂ ﬁbhepehmme]Atevmes dl@ peﬁhaﬂmﬂ ;iemdfﬂshﬁnd‘,ally have

on 432 for tiall i t
2.3 it arss Db e S o haRE sty [T sabedtge B FIG. 5,
how&Rk, 3tbvid&dh 9[bh41§Q:l déviké 8lhh h-senefe ¥haRARE cdfdnt How By

region 426 is formed between the body region 432 and

utikizieg aftin A swbsteate, shetysessabm: 100w el iyelaspbiogsnibar about 75
p,tmgr %@(ﬁ tﬁfggtf%'?%a%& ezh%gl tosabbmoa}%,egp iRl BRidd08'hs be Moficated

having on-resistance performance comparable to n-channel devices, as the very thin, low

resistance N+ substrate offsets the higher resistance p-channel of the device. In turn, this
enables the fabrication of complimentary metal oxide semiconductor (CMOS) power
devices using complimentary n and p-channel LDMOS devices, as the respective n-
channel and p-channel devices can be fabricated to have similar performances, ie.,

matched.
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| ow resi stance contact between the substrate 412 and
the source contact fornmed fromthe conductive |ayer
150. A buffer layer 402 having dopant concentration
equal to or greater than the body region 432 is
formed between the substrate 412 and the body and
enhanced drain drift regions 432, 426. [00461 As the
channel |ength of devices decreases, particularly

&]ﬁhannel devi ces the contribution of the N+
[0047) st r at AlthepahnBIGS, 2r2 slse tshaw ccraftodiments af) fraesisteys chgwisg both

1m¢rﬂ&9ﬁ@&§§aﬂ%§r¥ﬁﬁpﬁﬁif N eidBlrce LSHt!i@%n#‘Hﬁtnoéléc‘t b % fisths, this

owreS|st|V|t romncane
1s i i rccgsretm:ah Theamppowﬂ dnpait pidile meg be asedpinchamiebn with prior

d t
ot 38 Pty et Tl b oS Bt AR BTV gouree
cotifact dAOME MRfin eﬁt’:@éﬂedﬁbfaﬁg\uxﬁtt&h aaNbd uskd\/iEle pAdr @9 or other dopant

n-substrate with vertical current flow By wutilizing
profil§sni n N+ substrate, such as |ess than 100 [Lm and

OB T oh b b iy BaRalor, ne AerEH G PRSI B0k i

fablhaﬁed capadllel Ivath nplucatity eﬁomexanmdamm sthturedhdevices and packaged

bl et h | h thin, |
for 8GR B s aEe; P preniy st iR rebfaags st ance.
[O%hanne’l"h@fabbb@dé’s@ﬁb&ie LDMOSURnsibB Spro@BaP|RS ddientageous

rication of conplinentary metal oxi'de sem conduct or

Swr(t chims)perfemmeance qdvare @M@Sngmmtﬁm whidetinrgdugingng large current

e
A8 UER OOt SPRRLS B
dram ch:cttmdesp epf the sancEme, the pitch ofitint ddspd. of e deOR4 ¢dll is minimized

th Fl.GS. 5 al.so show enbo
by the, RO 0 g cBbRoR Sy st Saeur e miovidsy for a
high FR&GEAenSRY (1&E sﬁél:!ilﬁcakﬂs i8Rl iiplied (b9 Ghe @AHRistor area, so smaller
structures this is not a requirenent. The inproved

Pitfopsprs s rﬁésm%rea@éag ispeciisn s PR-uRFISHNER, Of e fransistor.
ol (e [P IO, Fa e r e Aty B EMEes b verious
elenhents malebe &rmed éropom fingler entiowous aendietive bgremi The qonirdmtion of
erd ant ro 00481 .1 n an ex | ar
the aSBI% thte 2 a&o %ov?r% resﬁwg?/%{jﬁjﬁ gﬁ%‘?i t%%QPSE% EFF?EP aJow level
by téihg ‘sl(batrﬁds havifpathirkhesbeswflldis thaf 100 b, iyd BbredirBRFably less than
simlarly, structur ed devi ces and packaged for use as

abayt 43 (e atlct mAetipagfeiablyfhickngsses of albgu 50 ypcy DC vol t age
| at h b
[065% ul at of, Hte gvantg EibRt ‘tHee'ijr%&&%h F?('g@%ﬁogr@ o W'?&gﬁtom

vi des t ageols SW TcC mance o
dest@miﬂctcomlnmﬁ & ghe winibodiniants Gisucifigs. &3 laad g% is uvangmated to the

performance of state of the art P-channel and N-channel products.

Parameter Rds(2.5V) | Rds(4.5V) Qg(4.5V) | Qgd

mQ*cm’ mQ*cm? nC/cm* nC/em’
prior Nch 0.26 0.19 400 110
Nch acc. FIG. 3 0.18 0.13 250 50
prior Pch 0.62 0.38 800 230
Pch ace. FIG. 5 0.26 0.16 280 50
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handl i ng capability due to a |large vertical current

flow and | arge, continuous source and drain

el ectrodes. At the sane tinme, the pitch of the design

of the device cell is mnimzed by the inplenmentation

of the continuous source contact structure which

provides for a high channel density (i.e., specific

Rds is Rds nultiplied by the transistor area, so

smal l er pitch peans smaller Rds*A) and _resulting
The yesylis; Eomowra‘ﬁiqr sspulatione pregnigdh dn tthe fable isBpw that” the largest
nnb:ﬂé%lﬁéft cah BE ek fRvRen PEMIRERY TRe dWI@e\é'cféﬁgned according to the

manuf act uri ng a vantages 35 various el enBnts can e
embodlmdt fmmnﬂé} $i shgheaboud ﬁtilrmpmysmcnmdwpmlﬁe ohayestancEhax in

f. th substr e to th
sp it Qg AR B in et T REPr 1 Gnb g BB i R nd o, geviees
acdofdihg ®vihls intntius hing Budhsictiat @stchalpargnétbrs Chmass SateQdf the art
Iess than 100 ~tm and nore preferably | ess than
¥Uf- 75 ~mi, and nost preferably thicknesses of about
[
f"‘f?‘é.lf " LIRSS gtfinhol) V00 drobl Rl B LSBT n i
abmealdcrbmdvetm nsesulf foo appificgfson i8 ;@ntdblﬁ elatrmunpqmpnhentdll{eﬁe)A’

of state, of t|1 art a
MIRCRAR S5 61 SimE SRt ook, Eponbll g TR devipes combine
theCElfy dntpd) of@dw dﬁ§1%e%§1ﬁmrm1%lﬁﬁwlaﬁreﬁﬁﬂh@gat@ Bharge
Nch 0.26 0,19 400 110 Nch ace. FIG 3 0.18 0.13 250 50

(Qep a0y Mpbler, chargo (Qedgwhish epaeles thets use én syitdhingsanpliogiops.lgke a

sinfpBObRR cotberteh Gsih 8 Wich $rahdiQH? AU NG S)ifeh Al aofgbhottky diode as
presented in the table show that the |argest

theifrasrvdelingdiodan be expected fron1Pch deV|ces The

(06RE °5° RSB0 e S Sot i “enS Tl s OF Sremplary

embodimests Sit &Nt limdted itierets PRG@iHET, Qh@:paﬁuieda:lmmh sHouldl Be E8tbtrued
conpared to prior products. The Pch and Nch devices

a
brogglydp e Eher A Arek A RSR PRI ke FvBRAQIdha! Fac boRfade by
r t
oS BRI ik HEaIHURUAANE i KOS and RABL S Blepf of the
invpatfaet ers col lected in the above table are very
useful for application in portable electronic
equi pnent |ike PDA's, M3 players, digital caneras
and simlar devices. Especially, the Pch devices
conbi ne the advantage of a | ow on-resistance
transistors with very |ow val ues for the gate charge
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() and MIler charge (Qd), which enables their use

in switching applications, like a sinple buck

converter using a Pch transistor as a control swtch

and a Schottky diode as the free wheeling diode.

[ 00521 Although the invention has been described in

terns of exenplary enbodinents, it is not limted

thereto. Rather, the appended clains should be

construed. broadly to include other variants and

FHERES of the invention that may be made by

those skilled in the art without departing fromthe

scope and range of equivalents of the invention. 17
1. - _ . Alaterally diffused -metal-oxjjgageniiepndiictpmtzamsistor d¢vige comprising:

| ateral ly di ffused netal - oxi de-sem conduct or

tra : :

Dot £ SRSt B i BRbh i hp GrORSHI S BTN FyBAhbRG s
hatihgamupper surfigei ng an upper surface; source and drain

regions of a first conductivity type forned in the

epi ' I - DL QXi . er surface, of .sai

cpi t At S R FenidlsBE BEG Sl RAThe R NE iRl ever
praxjpagte thefuppen surfacesofehidepitadial linay, sa sawed amhérain regofbedig

a cond conductivity type forned.therebetween.in
spied fome S0 pd fevite & Ehemek ZHABIt h dopBhCHyr gavPe
forfefl tHefdbetviieh SNSHIAEhitARRE ay &b Ald S8 Scdi8YhAing YBGTiSA N

sai d drain region conpriSes a |ightly doped ™ drain
extedipgpnden paid spuses) rasiont wheseis said drdimresioin coaygrises;a lishtly deped

| . [ . - sai d channel region
dra&{/égfgpggﬂegﬁqa%gg%&%%@ﬁ%@g} on; a conducti vg gat e

having an upper surface and sidewall surfaces, said
c ong deped\deain gentact fegioregpacnddiorn szjd ckandelokgion by saitl dightly

r rr said channel region, said conductive gate
dq%%f?ﬁgrﬁ%ﬁhverlapping said source and drain regions; a

trench formed through said epitaxial |ayer at least to
sai dcdmlpctivergatedemvoly asaipper setflxst and tselewslh bulface€ naill conductive

having a bottom sur.face and si de | cont.acting said.
w8 BPRE o et RS GO (Ted Bl 1 CoP AR R g e
gat@ WAraAlY Seerldpsias sEdkehr&Od@Raih epieR; a first insulating
| ayer forned over said upper surface and sidewal
surfaces of said conductive. gate;
a trenc?l formed through said epitaxial la%er at least to said top surface of said
substrate, said trench having a bottom surface and a sidewall contacting said source

region and said portion of said channel region extending under said source region;

a first insulating layer formed over said upper surface and sidewall surfaces of

said conductive gate;

a continuous layer of conductive material forming a source contact and a gate
shield electrode, said continuous layer of conductive material formed along said bottom
surface and said sidewall of said trench and over said first insulating layer to cover said

top and sidewal] surfaces of said conductive gate;
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a continuous |ayer of conductive material formng a
source contact and a gate shield electrode, said
conti nuous | ayer of conductive material forned al ong
said bottom surface and said sidewall of said trench
and over said first insulating layer to cover said
top and sidewall surfaces of said conductive gate; 18
a second insulating layer forned over an active area
of said transistor, jncludin over saggﬂgontlnuous

| ay8pecond dsniating fayer fnemecqVar an ackivgatea obarid ransiptoq: inplyding
ovérddRIcohtitloud thySPd fonducB 0 PrateBBd sfd Hcahd in@ﬁl@ﬁﬁzg ﬁg& filling said
el ectrically cCoupled to said drain contact. Z. The
tregdypee of claim 1, wherein said drain electrode
conprises a first portion extending through said
S ecBrlid ASUl R irloAtPLoupl T8 b Atarvedipip! ed to said
drain contact and a ‘second portion extendi ng over the
second insulating |layer to substantially cover said
2. act Thedeumiesof cBimThwhereini seid dytin clegirodelconmypinisessi firstpartion
Is n I
extSHARE PR sPod N 136 8210 B0ur) PR B gotac
and4 secbad porfion ettendinglowea it ssemdriskubaming eyt 1ol suystintiatly covel
.@onductivity type and said substrate is doped with
Salf} BT sai d second conductivity type and said
first conductivity type is N conductivity type. 5. The
3. deviThked@fhicedf@iaim 1, whereinhyaid stbdiRkd isds Aghidkdts @68 ¥ssdRAEDO um
contact region fornmed in said substrate proximte to
anq greatgiihan g wrakigiahowt P8Eh and cont acti ng sai d
continuous |ayer. 6. The device of claim1l, wherein
4. sai $hd ddvide dfRBIhAL WRGeBYR scERRROh@R VR BPE id Poddatvity
at |east partially covers said drain region, said i
type andierid pubstrate it dapad wath|dapants ehenisdhrerong canductizify type and said
i all. ' L of said first insulating
fu*%%@%%&tgﬁﬁsg?ﬁn&‘g%‘%aﬁ €. 7. The device of claimb®,
wherein said portion of said insulating |layer has a
5. t hi Thedsyicedclosen, Hivthert compdBing alighiydo:d chhtectdegipe forpied in
.claiml1, further c risi.n snubher el ectri.call
said 3{hsitAE PrCREE RO e RaRer 8F it R oot sad SPudons.
lay&. The device of claim8, wherein said snubber
conprises a resistor fornmed froma portion of said

contj nuous layer of. conductiv terial, sai ortion
6. n%]]iler (iqvuﬂfé of £ afrge]lswtvherelrrll said flll'SteHiSU ating layer compr?se a portion that

co
at least partially covers said drain region, said conductive continuous layer extending at

least partially over said portion of said first insulating layer to form a field plate.

7. The device of claim 6, wherein said portion of said insulating layer has a

thickness between about 0.05-0.15 pm.

8. The device of claim 1, further comprising a snubber electrically coupled between

the drain and source contact regions.

9. The device of claim 8, wherein said snubber comprises a resistor formed from a
portion of said continuous layer of conductive material, said portion comprising at least

one opening formed through said continuous layer of conductive material.
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one opening formed through said continuous | ayer of
conductive material. 19 - ----- I 10. A
|aterally diffused metal -oxi de-seni conduct or

transi stor device conprising: a doped substrate having
bottom and top surfaces and an epitaxial |ayer

t hereover having an upper surface; source and drain
regions of a first conductivity type forned in the

eplt X|al te t he u er surface of said
10gh pefgtobiyi e nlal B s pis o ar s P i OB G
spaced from one anot her and havi ng a channel region of
a sedopdl tpfRthtchdvitigiBottbimpad tépduRestdna e BEitasee layehthereover
sai d epitaxial |ayer, said channel region having a
hayjgg a1 Bpper 84faRdi ng under sai d source region, wherein
said drain region conprises a lightly doped drain

r egk@itcd MmN 2ROk A c8R1udtiCRARPE tormBd iPfe efitte Bfer
drain contact region spaced from'said channel region

prazymate the uppghiurfpce @@p@cﬁpawaaldayeegﬁa@rﬁou@e e@%d@m egiongjbgies
spdeay | gﬂﬂl ¢ HGRES anﬁ;ﬁg{uﬁgg cﬁﬂ%eﬁﬂegﬁ%th cnfig) tgg

conductive gate over gate
fortred tieietewesensmbaid epitamizé layee giid nhanseli relg1om hﬂ.ung apertiogat e

.tial overl a id soy rce and drain re
extBidig et s ST FRDE VARt SR A ORBRErS CURH N daped
draa bgfondemadd adfddéﬁt&@@éd elannélatgogonduct i ve gate; a
source contact electrically coupling said source

regign channel r.egi on sai d sub r at | el d
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a source contact electrically coupling said source region and channel region to

said substrate;

a shield plate formed between said conductive gate and a drain electrode, said

shield plate electrically coupled to said source contact; and

a second insulating layer formed over an active area of said transistor, including

between said drain electrode and said shield plate,

wherein said drain electrode comprises a first portion extending through said
second insulating layer to electrically couple to said drain contact and a second portion

extending over the second insulating layer to substantially cover said active area.
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a doped substrate having bottom and top surfaces and
an epitaxial |ayer thereover having an upper surface;
source and drain regions of a first conductivity type
formed in the epitaxial |ayer proximte the upper
surface of said epitaxial layer, said source and drain
regi ons being spaced fromone another and having a
channel region of a second conductivity type forned

t her,ebet ween..in.said epitaxial | r, .sai d channel. .

11} oo PR Fllaos R EbicanieRy Sannidpt &l 0barsae:
region, wherein said drain region conprises a lightly
dopedopdisabstrateigiviry Hottonemd asli acReds #n0 as apichxidd &yBethereover

h Legion; a dequ drai n contact region spaced fromsaid

a¢h W%@W“?@ﬂ? F by said lightly doped drain region; a
source contact electrically coupling said source

I egb@itcedid dedla Repedns o€ 8 ifiedd chitiuchidityttybéREmbdirfhe afithx il layer
conductive gate having an upper surface and sidewal
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d
conductive gate part y overl appl ng salil e“and
forghed ithrerehetyvasn 3y saidh epitaikial talyer, sdidolemhelregjbwhavamgia porgibn | y
d drain,reqgions. are doped.t.o.a depth to abut . .the
ex PEBRE iR il SAHBioR Fn PR S B B BurpPines gy Ao
drair regfonrfoingsd AAppitits saidchanfiélatgios] ectrode; first

insul ating |layer fornmed over said upper surface and
sidewal |, surfaces of said conductjve gate; and
ohi &APSYdEEin coipchecpion TRk TR Said cbadgkepioh by and hghty
dofsedi Ghifl r@igh; el ectrode, said shield plate electrically
coupled to said source contact. 21 13. The device of
claim1l, further conprising a trench formed through
sai 8SpTe coRiast eleqtugasly cquplingsaid spurce ggipn g chapnehiegiogito
said aldraubsiar ate, said trench having a bottom surface
and a sidewall contacting said source region and said
portion of said channel region extending under said

souf eendpeigiegate haimganvpaeisiraen and sidswak aufaces apidicordiiciive
0 Ll s i
e B T T
gatp partinlbnoaflapping said encde ard draih reglonsi t h an i nsul ati ng
mat eri al .

wherein the channel region and lightly doped drain regions are doped to a depth to
abut the top surface of said substrate.

12. The device of claim 11, further comprising
a drain electrode;

a first insulating layer formed over said upper surface and sidewall surfaces of

said conductive gate; and

a shield plate formed between said conductive gate and said drain electrode, said

shield plate electrically coupled to said source contact.
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14. The device of claim 11, wherein said channe
region and lightly doped drain region are doped to a
depth equal to the thickness of said epitaxial |ayer.
15. The device of claim1ll, wherein said first
conductivity type is P conductivity type and said
substrate is doped with dopants of said second
conductivity type, said second conductivity type

bei ti Vit i d subst fat ' .
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a slﬂ%ﬁr?ﬂl ggntacking spid rsgzprp?,reg}mfagg &3id portion of said channel region extending

und& La0 st dRpRAMVAEGRRAUGTIAbulE é&ﬁh& LOpG&Y b §Ser of conductive
co r|S|ggaQ§gdoped substrate having bottom and top

mataniaf digpas seidpidewsl] @id seimhbettomtsarfacey wheretueaiemginding
face; [ and dr.ain regions of a first
portSEE Y UoRD s GRSt VIR ISV ROR Qo i ol 1 ayer
proxi mate the upper surface of said epitaxial |ayer,
l4sai Thedeviceofahiindil avhereiaghidrhatnel rgionapatightlyf dopetl dinen
anot her d havin channel regj on of a second
resl L ATE GORGE § SR ELe 5 BR A ET G SR Asar e 1SRt
epitaxial |ayer, said channel region having a portion
15.ext ThelievirewTdRim 98] wheeitkaid fir@oaductiWbetype & B&ndudividyype
(ge(gon cQ risqg a lightly doped .drain _region fornmed
and g4 Lrrate & dompdivith dervafs afagid sreond coreystvit tap saidiecsnd
corldRBHiY (FRASSSE NcBwR Ay SPanaml susﬁate%vﬁ% astﬁfcgﬁsé Bifebhan
doped "drai n region; a source contact electrically
or eqyabipiaheptd P @msour ce regi on and channel region to
sai d substrate; 22 a conductive gate having an upper
sur ' I : [ i
L6 o Ma AR SATHE theith 00 St 1B AR LYEs o han o
equehtrabelt 3.@ginon, sai d conductive gate partially
over | appi ng said source and drain regions; and a

buf [ { d..second conductivity, type and.
17 e aeRg SR el P FaReo GRERY B sinieb R B ifeins
about said channel region, said buffer region forned
ov ez depeid dubstipte lmumf dottom fand tipdufades indbecpirakisbperahérdover
havk2 surface.of said substrate and said channel region
YPBRE TGS ped drain region, wherein the channe
region and lightly doped drain regions are doped to a
depdoarde@nd drain regions of a first conductivity type formed in the epitaxial layer

proximate the upper surface of said epitaxial layer, said source and drain regions being
spaced from one another and having a channel region of a second conductivity type
formed therebetween in said epitaxial layer, said channel region having a portion
extending under said source region, wherein said drain region comprises a lightly doped

drain region formed adjacent to said channel region;

a doped drain contact region spaced from said channel region by said lightly

doped drain region;

a source contact electrically coupling said source region and channel region to

said substrate;
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abut said buffer region. 18. The device of claiml11,
further conprising a drain electrode; a first

i nsulating |ayer forned over said upper surface and
sidewal | surfaces of said conductive gate; and a
shield plate fornmed between said conductive gate and
said drain electrode, said shield plate electrically
coupl ed to said source contact. 19. The device of

claiml7, .wherejn.said second conductivity type is P |
conA GRS S8 bt rBs: o et Sl suhssbgeicontuctive
galdFPEdovef a St dickeei N4l cf RIS blotishid ch¥RR] ﬁ?ﬁ'}n,sﬁ'idjconductive
first conductjvity type is N conductivity type. 20.
gatppartigly pytlapping jsaid spuree and dreinsegiensid sing a trench
formed through said epitaxial |ayer at least to said

t opa sifrbaesioRbr SAd Qc%{p&ﬁlﬁﬁ&lﬁflity Jeinll hefta P divt Qhcétration

bottom surface and a sidewall”contacting sald source
graateg than on pghab i aboplovaid ahannsf repiing saidh bwfifier|regiony fopmed over said top
i: [ id. rce. regi on, wherein s
st 808G IE 58 S B Sf 18 amc
regivat awlilphtld depedsiesin adgiviy sai d si dewal | and sai d bottom
surface, wherein a remaining portion of said trench

is filled. with an i.nsul ati material . 21. The device

of ehgem apeiadatlrubE M tare BREintebsittiar doaey it § fepth o
abiit$ail? baffacidsiohvi ty type and said substrate is doped

wi th dopants of said first conductivity type, said

first, conductivity type being N conductivity type,
1&saith§§WE@ E?Fﬁibi%gﬂﬁPPgP Y9&n i npl ant regi on of
said second conductivity formed in the sidewall of
sai gldtatiegledtroded ext endi ng from sai d channel region
through said buffer region to, or proximte to, the
top surface . .of said substrate. 22. The device of claim
17, & Wb rspiatingley e fpmasd qveptaghunnst sptacaprdsidewallgiugaces of
saileddiubivediatt; afpPi t axi al layer. 23. The device of claim
17, wherein said first conductivity type is P
conductivity type and said substrate is doped with

dopafhied platsirped betwren wishrondustiveepterpsd said drinjelsxtadndsaid
; LM t ' lvi.ty type. 24. The
Smgg\%%a%%{hﬁngi%{}@? &f%dfsﬁg%g%%{%éti gi népa trench forned

through said epitaxial
19.  The device of clarm 17, wherein said second conductivity type is P conductivity

type and said substrate is doped with dopants of said second conductivity type and said

first conductivity type is N conductivity type.

20.  The device of claim 17, further comprising a trench formed through said epitaxial
layer at least to said top surface of said substrate, said trench having a bottom surface and
a sidewall contacting said source region and said portion of said channel region extending
under said source region, wherein said source contact comprises a layer of conductive
material disposed along said sidewall and said bottom surface, wherein a remaining

portion of said trench is filled with an insulating material.

21.  The device of claim 20,
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| ayer at least to said top surface of said substrate,
said trench having a bottom surface and a sidewall
contacting said source region and said portion of said
channel region extending under said source region,
wherei n said source contact conprises a |layer of
conductive material disposed along said sidewall and
sai d bottom surface, wherein a remaining portion of
said.trench with an Lnsulati.ng material . 25. .
The MEtFL e {eSerd ganfterie haids b oS Rluhre Bt il gilofige i
doped Witle 461R88 Dhaib Erspeeiiuceiigitypé) sdiddirét ceiducBdity type being N

conductivity type,

said device further comprising an implant region of said second conductivity
formed in the sidewall of said trench and extending from said channel region through said

buffer region to, or proximate to, the top surface of said substrate.

22, The device of claim 17, wherein the buffer region is an implant region within said

epitaxial layer.

23.  The device of claim 17, wherein said first conductivity type is P conductivity type
and said substrate is doped with dopants of said second conductivity type, said second

conductivity type is N conductivity type.

24.  The device of claim 23, further comprising a trench formed through said epitaxial
layer at least to said top surface of said substrate, said trench having a bottom surface and
a sidewall contacting said source region and said portion of said channel region extending
under said source region, wherein said source contact comprises a layer of conductive
material disposed along said sidewall and said bottom surface, wherein a remaining

portion of said trench is filled with an insulating material.

25.  The device of claim 17, wherein said buffer region has a thickness of between

about 0.3-0.6 um.
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