PONER LDMOS TRANSI STOR CROSS- REFERENCE TO RELATED
APPLI CATI ON [ 0001] This application is a

conti nuation-in-part of co-pending U S. Patent
Application No. 11/180,155 filed July 13, 2005, the
entirety of which is hereby incorporated by reference
herein. FIELD OF THE | NVENTI ON [ 0002] The present
invention relates to sem conductor structures and nore

articularly to.l ' transi stors
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- sem conductor (MXS) field effect transistors (FET))
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: the transistors nmust exhibit snmall power |oss durin
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samBpeci al attention has been pald to the Gate-to-Drain
(Cgd) capacitance, as this capacitance determ nes the
voltage transient time during switching and is the
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attentwn gasngeen paid to the Gate-to-Drain (Cgd) capacitance, as this capacitance
determines the voltage transient time during switching and is the most important
parameter affécting the switching power loss. '

[0004] Examples of prior art laterally diffused power MOSFET devices are
provided in U.S. Patent No. 5,949,104 to D’Anna.et al. and U.S. Patent No. 6,831,332 to
D’Anna et al., the entirety of which are hereby incorporated by reference herein. Both
devices use thick epitaxial layers to achieve the high breakdown voltage (>60V) required
for the target RF applications. To minimize the parasitic source inductance in the
assembly, both devices are designed on P+ substrates leading the source electrode to the

back side-of the die. The thick epitaxial layer and P+ substrate result in a high on




appl i cations. [0005] Another prior art LDMOS device is
disclosed in US. Patent No. 6,600,182 to Runenni Kk,
entitled "H gh Current Field-Effect Transistor." The
Runmenni k device includes a drain region that has a
first portion that extends vertically through the
epitaxial layer to connect to the substrate and a
second portion that extends laterally along the top
surface of the device. The device has | ow specifi
reseﬁnqeeé% warRfotgn gewp PBRIER s ppgfnaceaRRift 1o gyer. management
pplionRY.er . the breakdown voltage of the device is highly
dependent on the location of the first portion of the
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region and partially overlapping the source and drain
regions. A drain contact electrically connects the
drain region to the substrate and is spaced fromthe
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upper surface of the epitaxial |ayer to th
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conprises a hi ghly-doped drain contact region formed
ovetielumee thetshercs abd dradit wgiangl  Andraigreaniacieste lyigopregisghe drain

reglon to Ql?e substrate and is spaced from the channel region, comprising a first trench

formed from the upper surface of the epitaxial layer to the substrate and having a side
~ wall along the epitaxial layer, a highly doped region of the first conductivity type formed
aleng the side wall of the first trench, and a drain plug in the first trench adjacent the
- highly doped region. A source contact is electrically connected to the source region and
provides an electrical short between the source region and the channel region. An

insulating layer is formed between the conductive gate and the source contact.



sem conductor | ayer, wherein a topnost portion of the
hi ghl y-doped drain contact region is spaced fromthe
upper surface of the sem conductor |ayer. A source
contact electrically couples the source region to the
body regi on. [0009] The above and ot her features of
the present invention will be better wunderstood from
the follow ng detailed description of the preferred
enbodi nents of the invention that is provided in
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transi stor of the present invention having inproved
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enbodi nent of a LDMOS transistor of FIG 4 having a

second buffer layer for inproving the breakdown

charact er i gREEF PESCRGPTIONOETHE DROSWINGS, FIG 5 is
an illustration of a region proximate to a side edge

| [00b0] a serﬁheowstgmp@mmg distings éllustretenprefaned; prpbasdimgnts of the
nsi stor H w
v MRS R L TR pLARE U e U A MEIEY | by
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illustratio

ol tPna oS B e St? LRGSR B naf thepegsent

mvéﬂ%lohﬁaﬁﬁ ithprosdd @dd prRiQifican al ternative enbodi ment  of
DI\/C%transnstor of FIG 11; FIG 13 is an
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hav%%da s%éoelllld%u?tlelg l%tyer or 1mpr3‘plgg the breakdown characteristics of the improved
transistor;

FIG. 5 is an illustration of a region proximate to a side edge of a semiconductor
substrate having the improved LDMOS transistor formed thereon;

FIGS. 6-10 show electrical characteristics of the improved power LDMOS device
obtained by numeric simulation;

FIG. 11 is an illustration of a LDMOS transistor according to an alternative
embodiment of the present invention;

FIG. 12 is an illustration of an alternative embodiment of the LDMOS transistor
of FIG. 11;

FIG. 13 is an illustration of an alternative embodiment of the LDMOS transistor

of FIG. 12;




FIG 15 is an illustration of an alternative
enbodi nent of the device configuration of FIG 14.
DETAI LED DESCRI PTI ON [ 0011] As used herein, the
fol |l owi ng dopant concentrations are distingui shed
using the follow ng notations: (a) N++ or P++: dopant
concentration of about > 5x1019 atons/cnB; (b) N+ or
P+: dopant concentration of about 1x1018 to 5x1019
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opposite conductivity types for all
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transistor 10 is used as a smntch in a volta
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eneral use. Mor e speci FIG 1 shows
theﬁndﬂmlw oviedothec hastareks, L DMEBnokew | ed@nentST h@cltmm; deapyres, and

structure .10 include em.co ctor su str e 12
proggit st 1 ToF ST PRRERed df gt prodt 35 v BCotEiing, the
my&ﬁ@ﬁ|y doped (N+) silicon wafer doped MAth arsenic or

4 phosphorous, for exanple. hly doped (Nt)

[00L8ho  aeshold b SnByTsohBEs tengpmpats 1 the figures are

representational and are not drawn to scale in the interest of clarity. It is also appreciated

that a p-channel transistor may be realized by utilizing the opposite conductivity types for -

all of the illustrated diffusion/doped regions.

[0014] FIG. 1 is an illustration of an embodiment of an improved power

transistor, more specifically an improved LDMOS transistor 10. In exemplary
- applications, the transistor 10 is used as a switch in a voltage regulator of a power supply

for, for example; a server or desktop computer or in a DC/DC converter for gcneral use.

[0015] . More specifically, FIG. 1 shows an improved n-channel LDMOS device.

The transistor structure 10 includes a semiconductor substrate 12, which, in the illustrated

embodiment, is preferably a highly doped (N+) silicon wafer doped with arsenic or




substrates, although in alternative enbodi nents, the
substrate 12 may be P+ doped. In enbodinents, a drain
el ectrode 11 is fornmed along the bottom of the
substrate 12 and is electrically connected to the N+
Substrate 12. Metallization of the bottom surface of
the substrate 12 in this manner facilitates future
connection with a package el ectrode (not shown). In

an exenpl ary enbodi ment, substrate 12 has a thickness
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00&}] A conductive gate 31 overlies the upper surface 15 of the ep1tax1a ayer

14. In the embodiment illustrated in FIG. 1, the conductive gate 31 comprises a lower
doped polysilicon layer 30 with an upper silicide layer 32 formed therein or thereover by
processes familiar to those in the art. Silicide layer 32 can comprise any transition metal
. silicide, and in exemplary embodiments is selected from the group consisting of Ti, W

and Co. The conductive gate preferably has a thickness between about 0.3 to 0.6 pm and




-5 a length defined by the technol ogy generation

utilized inits fabrication, e.g., 0.8 m 0.5 m 0.35

mor 0.25 gm etc. The conductive gate 31 is forned

over a gate dielectric 36, which preferably conprises

SiQ2 formed to a thickness between about 150 to 500 A

[0019] Drain region 20 is fornmed conpletely within

epitaxial layer 14 and forms an enhanced drain drift
region. The enhanced drain drift regign 20.is fornmed
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- contact region 26 provides for a low resistance contact between the source metal layer 28

- (described in more detail below) and the body region 16. Under blocking condition
" where the voltage applied to the drain electrode results in a reverse bias of the body-to-
drain PN-junction, the depletion layer or region is “squeczed” in the vertical direction

between the contact implant 26 and the doping gradient from the substrate 12. The



drain PN-junction, the depletion |layer or region is
"squeezed" in the vertical direction between the
contact inplant 26 and the doping gradient fromthe
substrate 12. The 6 reduced width of the depletion
‘layer results in a | ower source-drain breakdown
voltage but localizes the place where the breakdown
occurs beneath the contact inplant. This, in turn
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draip saflatt 22k ARrAGel PSSty DU AR5 15 e eBBuat of about
0.4 {08 WA MO eiHeE ahbodlﬁemgi Ik Bpidkidl dfer Bvdr tkﬁﬁ @@g ed.shymPand

di ffused regi on(s) of first conductivity
thergrip apanpedyo gightthe frenghnis| erﬁrrsmaf@anekwew@mgt Mﬁiﬁtt% In this

em ld{l.’{lé'_ﬁ Stlhte (aratnh1 ‘é?lﬁé&*? 9h'i ng'é%atea_ %S?r edlffusc‘ed'}g%lgﬁ@? of ﬁfsﬁ 902q5du0t1v1ty

rain as no renc

: typé oremed by[Iﬁ)lElﬂﬁI}:e lﬂibkantsl emd eﬂeﬂtﬁng from the sﬂrfﬂiteso thie substrate. There

?ver t.he rface 15

is ny o Bt b Afim e n i safboTEes s g B ORE 05 4SS ot
[002?]9' on hfe RVRE 16RR0 1ﬁélg@é§@!n| ﬁs@itm%h@ye? 8AGHGtddvised BleQipper

and its upper surface, as wel as over the enhance

_ surquceaulﬁl ofr the teprtaxjilolayor) aaﬂdh@&mverc%oupﬂeugnmmt regien 18, over the

81de§za%§ﬁ$1iﬁen<g)nd é{%r &%%:eﬂ[l% %}/ \r/\i'egs:\?rell ‘g’;'?] %er%e enhanced
drainnbifi &iionol a&yle:ronﬁdt plag 260 ﬁﬁlﬁllﬂﬂllatﬁ;g\le_srea 34 Ipagfenablyofompnses
SIOIP Eg 4(;%1:3,2% q%g‘;lgrblegllgﬁerstol)rﬁ %%twle¥§rl Hm][c glglﬁ]atlrgg layer 34 can comprise
several layers of insulating materials collectively forming the insulating layer 34.
Insulating layer 34 is preferably formed to a thickness of at least 0.03 pm on the
sidewalls of the conductive gate 31 and at least 0.05 pm on the top surface of the

conductive gate 31. In an exemplary embodiment, insulating layer 34 is formed to a




Insulating layer 34 is preferably forned to a

thi ckness of at least 0.03 gmon the sidewalls of the
conductive gate 31 and at | east 0.05 gmon the top
surface of the conductive gate 31. In an exenplary
enbodi nent, insulating layer 34 is forned to a 7

t hi ckness between about 0.05-0.15 pmover the drain
region 20. The insulating layer insulates the drain
region 20 and gate 31 fromthe source netal | ayer

thicifuehs PRGN EPEND 0> -PAB2um ongr the dipiguipeioh 28y & hellnm&étmgcléyer
1nsﬁl.19te${h g{up&lgibg% Ad 3R Srdib R lsolrY Sletaf Byer 280 1&Bribed below.

prefe ri se§ conductive nmatéerial selécted from
[0024E gr oups IscshSWEtuil FEG.of, ddvice 1Tidlsdl incHidésTa Bibukte mEtaWayer 28,

et de osi.ted over. the dev
whigh R ELlY COpRis CRCaYa Tayor ey SHth f5 el SOt of AL
- TVARUnAEN Bt W Bl&Yet %ﬁpés&e@l eResitkaitvice shtll bs %ElE(tVDV(chemlcal |
trench 19 to provi de a contact between a sou

vaper &RPopeR by sprieringu ribe spurpt mstal lgernds is depgsitg to fill shallow
trer@g QY tg Srif P EIntRE \vafe@n tark%uﬁzg %&EOW&MQ ¥oured hﬁﬂﬁnt 18 as

Source netal |ayer ext ends over I nsulation
well ag/movidd a sbure betviven ternguctiané bgdy eghs 48dl G vegureehmetal layer

drai 20 an dra 2
28 GhBhdh oushonsiiioh dfisr " Suftaihel Sl it 91, obff oRBF the grain
1mp(l¥§1& kdd@ch ﬂﬁdﬂdﬁﬁﬂntph.fg 2pRons umtaaﬁmeﬂ@mfsomhenemz 13t zﬂ has a
| ayer 14 and its upper surface 29 between abg &
ag \]? ft§ upper

 thickpss dofingd Lk pyHBRET, FETREVEST (R FRIAEaD 12Y8h
surfale 396G n’ a‘BBut @tbes Q?ﬁguct ion current flows t hr ough

t he source net a terally through the channel
[00RAPer nethert e LIQMQS Bdngigon Hevick A9 ns magécbhorﬁ’o tleen donduction

the ve al on verti ed dr ai
curien Pt Tt sire hetal gty Pl tqugh Hik Sl FRaShEkH te
at@B B&d ﬂ@dﬁmﬁ Tedibag@dndthehRerthally alvng mkev@ﬁcat tlﬂghlg;l edspeddrain
#0026 The source netal structure 28 of
COﬂEﬁCb theesubstratgy i i the dgain eleptrade 11zplaged gt éhel %@fﬂ Ye of
theﬂ?h@él gan serve as a source contact and a shield

ectrode, which shields the conductive gate fromthe
[0086Ri n cdricauréd2matat] strectuee2’ bl FlGap aprovisiec scvebad t adwanfages.

. the .gate and_drajn ( . Jhere is no need.to forma. ..
First drsif 2y By TGS oR s 85 LSO og i ARG oloahbad which
shii@Pd a{ea&@aldﬁcmngﬁ@tfr&ﬂ &hé Rirdth eo@tice 20 OarldnRedGEudr e . capliitance

manuf act ur abi | | te/ the device is thereby greatly

‘betwegarthe eefe apddui (Gady.+ Fiere iy pr nepddp o a peraratehield o is
the& %Srf@ed kosse %Iajce %0%6(?3(114 38l gte o) th%@oﬁ%n neT‘Lb ﬁlﬁﬁ@mraﬁﬁﬂy of

t hose recog I ze, eVICeS
thedaacmﬂﬂhr«fbgfrgrﬂﬂympmveéatl ons are typically fornmed on
[005’47-] s bStFru?t grs thtf):edcr:gig%gurlcg résfstalngya{std?lnstopgigﬁzlg:ﬁ ?{ tlt1eh Gse of an N+
substrate. As those in the art will recognize, n-channel devices designed for RF
applications are typically formed on P+ substrates because it is important to have the
source electrode at ground potential at the bottom of the die. Although n-channel devices
may be preferred for their lower channel resistance compared to p-channel devices, the
p-doped substrates of the prior art provide much higher resistances than n-substrates,
often 2 to 3-times higher. The present device 10, however, provides an n-channel device

on a low resistance n-doped substrate.




source el ectrode at ground potential at the bottom of

the die. Although n-channel devices may be preferred

for their | ower channel resistance conpared to

p- channel devices, the p-doped substrates of the

prior art provide nmuch hi gher resistances than

n-substrates, often 2 to 3 tines higher. The present

devi ce 10, however, provides an n-channel device on a

| ow resistance n- doped substrate. -8 33 [0028] An
[0028lerpl arAn exsomdaty arethast af Fgmensydeice1l) fssnqypdescribed.  Certain

detﬁﬁ%ﬂlélpﬁﬂl bg?iatdﬁg QPF]Q‘@I?] 13! tRosth Ghe W lake Qﬁnfnﬁég'sbyas to avoid

parent to t e art are el[imnated so as to
obsaxrmgdhe piesan unwegtlctm eSchsarste A is pmerdf:d (mth Spisstefiacd Nt Zdopant

confé%zﬁrgé lglf ?asﬁl aﬁﬁlﬁ %g?gec;oggrztdcoﬁe gis (Imn(éf IaTO(F))raP tlS next formed

. ovef ﬂﬁﬁ@p&ff frfaoOfhe BubsttateP2. | & fitetienélofsnsched avetgh the epitaxial

per surface of the substrate 12. Afirst tre
'layeétqﬂffédlemwgﬁldt pritegpng QE ialhin’ pxide daycr t“é?& e ao%dmawa drain

con @fij% ik gicﬁg\wﬁfs & thbkRnxhdand gyl weied 7a§eg@ee implant of a

edicated drain contact mask. The side walls of the
suitahle rdoMrmefdnabibo Bb@phmtohs ar mm@; &e formpthg rfraigfoogtact regions.

Thef fu 1’|$t {:\ ?rﬁzﬁ 9 ﬁa(p ithprlgat mﬂt{o ¥b %%pd%g{l %?{Ic'gr ?I{i @% §1%Q{3]cﬁ1i'n§,1t1t9 the

dra In ContaC I ONS enc
- trenkh id filtkdwiithiNa dﬂpécﬁlidlﬁlhdoﬁ Nasttichylghilivon ipétoiged Haok Greelevel

nmbod t h filled Nt .doped
slighy é’@&\?‘?t%owf‘a ot gyl S IR EPRRER. (o

[00?9&/ or a n eg I?&ﬂn}in?g{e%lh REniast nd %ﬁg%gﬁ)ﬁ@ 11191{% te?i’édxzi"ﬂl layer 14,

t he oxi I's renpbved
a thfrogaté ngdt lagrerdis zﬁcmned ontoibe upprt smfmg llﬁeg° |t1m1@1ﬁan1at lager. Next, a

1y L pDBean, fpetiét and bbb PhE oAb A, SRl e 3
is fi@Xformel udiryhe vadl l@mkWQAhbide @Eodess @iﬁpﬁhmﬂe (dayand c_hpoﬂ‘medi over
o SRS LS b oot e o

struéﬂu}é Chd¥e LAYRE 1S ﬂﬁﬁ%%% al R)Ylﬁﬁtmnt Bﬁsﬂei&qwdrcﬂq P-body or
| ayer and etched therewith to formthe stacked

N- epbanysd tinft arcglgms arg ifermedshyr meskgd émplapiation af FEspsetiye dopants and

thermall d 310 ege dtl'g n%% ?eﬁ,el%fad aclaﬂt%h%gc}r!rcrlg%ﬁ{)e ﬁﬁea%qg'et%os@%arately

eglions are
form‘fmhs&[gt aﬁkﬂoﬁ)\m gide walb geactnd pt&cedmf antessaaydFortdxempel, an oxide layer

u5|o st e he side spacers, adjacent th
can e, riipt S0 ang et SR B8 G ARRORPpe TP e, &R GRI)- The N+
souttB qg@oﬁ i ﬁ)r}%hlbafsﬁﬂﬁﬁftat%%e&%eME uSRG &S pattayned fHotoresist as a
exanpl e, an oxide l'ayer can be deposited and etched

magkack with an anisotropic reactive ion etch (RIE). The
[00%@} n;ogr%g?)% :l,?gfgr %‘Eb{‘g‘i&’ggpeg?&(’ lu%ﬁ%at 30 % ahll %grmugtive
gate 31 to the desired thickness. Next, shallow trench 19 is patterned and etched to the
desired depth, followed by formation of implant region 26. Finally, a metal layer is
deposited over the entire structure to form source metal layer 28. The original substrate
is then thinned to a desired thickness and a backside metal layer 11 is deposited to from
the drain electrode. The device is then packaged and tested.

[0031] FIG. 2 illustrates a second embodiment 10A of the improved LDMOS
device. The device 10A is identical in all respects to the device 10 of FIG. 1, and like




[0030] An oxide layer 34 is deposited over the upper
surface 15 and conductive gate 31 to the desired
t hi ckness. Next, shallow trench 19 is patterned and
etched to the desired depth, followed by formation of
i mpl ant region 26. Finally, a netal layer is
deposited over the entire structure to form source
net al Iayer 28. The original substrate is then
el B i PSSR e, AP RERID o v
34AT5lﬁi ohowifi e& sbﬁrct: hi&fal Aayk agad BiHoile deachdeds03 Hhat Sbice 2netal

il lustrate econd enbodj ment 10A of the
layer B PP ESIBYE 8 HOROFROST ALY G Raion layer
3441 %@Eé&%@mh@p&ﬁﬁnﬂ@w th€ drhth i?rfple{:nlt gich 284 drhik @lug B, modified

features are identified by |'i ke reference nunbers,

insuggtivn Jayer 6|4ArﬂM|fﬁVpetblcklﬁf§§ﬁSatM©ﬁ¢ spagificallyz amdifind inpdationdgyer
f
34A819al§ Ctﬁlcﬂgr r%%ml: %é%é?ﬁ%?n%}gﬂﬁ%g% ?Oé%%omo%eclfr%h%g%{'%{d a%arts

net a
of dlratm Ir@udﬁlﬁ)andt @thimeeportion '87 if(&dle'd el drain(raglbmﬂé fand Bebkeen the
nthe r |ons I oXi rain 1,0N
vich At 89005, PECTY . 42 L1l LA 80180 v

regib@37 Eﬂ@uﬁt@ toCd0Ra5Bas % (ﬁﬂh@dﬁﬁﬁ&i Bt édnl the g4t 31 hh®the drain plug
i nsul ation |layer 34A has_ a thicker reglon desi gnat ed

24. Jarperexemplags emodimente &'edb@knw &f thippreg gottionaiis p5fegn about
0.0826. 1%{3'&@&39 'ﬂﬁaq?egs Zthgzilé ot o851k %@u&%n fB60ES12-0.5m.

over' drain regron 2 n the er portion
The&&pmudd mtselagan day8 34A mamhe farmod dirstdryttchigea kdeksr,loxade layer

7. ts t b V2.t0 !
derosied atet it B BaiE h Won e pREgtaha PRt SRide Jreign > i
dep@sited bﬂe@&te&%ﬁﬁﬁi@raﬁd el idelieB ik addse thdigd fasigesy of the region

t hi nner portlon 37 is between about 0.05-0.15m and
34Atﬁ@h¥¢ﬂ&ﬂaﬁé§s f the thicker portion 35 is between
out Oy ety ! Inetft AnyefBsA
10088 o i o, deTRGE Y e Y Bk 0 s Pinct
proxdé@mswﬁte:d taflicesoudch end bmdm’egmns o8, ltﬁhmd@rshleﬂﬂ pdtwgen the gate 31

on. The i.n oxi,de r i on 37. | deposi af t.er
and S soRtiEs S i et s dedgizebon A Ge st RaBerRly e
thint dXidk Resh O nlakes HROMAA pléﬁé’réﬁfeétn&élrjd dfBdiveQdt tth® Batd Torner by
[00321 In the enbodinent of FIG 2, not onlg does. the

pushjpg ihecdepietign lmy avap§am the BDrigactipncishivesarthe odsheegion 16 and
the &lﬁiﬁr 55 ﬂlﬂ%l aﬁeeﬂkl%gﬁ extand ﬂa@erﬁgﬂto‘%o%gy A &k he Hl\ﬁﬁpl% ion 20

gate rain contact it provid or
andhhdz tlmln ohigi 24, zaahugh relafria fieldfpeek dvquichbe laxfafedcdt. tha th+ drain

o 0o, SRR g2 TR A 1S S oL 8 e e
 sourc@Yifftalamayhé G thRadtNegibnob] orheb®ippReind the 169y of the drain
reglcr)r? %Lgerllne]é?h t%e ﬁeﬁd plate, the position of the oxide step between regions 37 and
- 35 and the oxide thickness can be optimized for a given breakdown voltage target. As an
example, the design of this portion of the transistor can be as follows for a target
breakdown voltage of 20V:

- . total gate to drain plug distance 0.8 — 1.2 pm;

- length of the thin oxide region 0.5~ 0.8 um;

- thickness of the thin oxide region 0.06 — 0.1 um;
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the drain 20. If the thin oxide were to extend
|aterally to cover all of the drain region 20 and the
drain plug 24, a high electric field peak woul d be

| ocated at the N-N+ drain contact comer. Making the
oxide thicker at 35 relieves the electric field

bet ween the source nmetal and the drain contact region
22. The doping and the length of the drain region
underneath the field plate, the position of the oxide
st ep betthielemesy dghc;tiﬁmkaﬁictmdgio@s 2an@3 e anki de

f/ 2 : 'f gg :%ﬁ%ﬁ%g ta.EJIS )S%éotﬂ’lr?rrgyz @ﬁpﬁ% nSgiil? gﬁagf Xm atoms/cm’

mﬂﬂﬂ&bh@@k@& the transistor can be as follows for a
rget breakdown vol tage of 20V: total gate tqg drain

{00§$lug di di€néeillgstptes anothemaltemativy Rmbpdimeat 198 pfake &@MOS

dev[s:s %g QJfl]heg F%igl] gr_lflfgy 2t ﬁ‘hiﬁéebz%sl é)? o8, % b RehOe the@vids 10,

_ thic the t oxl de region
- 10/0exept 1. tBe fglloswims telyeectiosthe deppth o bOQnmnlggnt a¢giom &6 Dbreduced

s AP Sl AR B0 K

exeRpRedemBodimbRB fioft Hulfer LdMaS38 demphies of 1a@¢rt dTaﬁthh(Bop&d with
or FIG 2. The device 10B of FIG. 3 is Identical to
p-densats gk iceregnyfion quuehdo ey grsper than ffl*?éiOP@}tICBWeﬁﬁauon of the body

reg15§§@ﬁcgﬁhe tutfer ﬁjasr&: 9:% utPAY%ideTRNSBE vérﬁgdl%‘alﬁégnﬂa@t 22, and is

uce uffer region 38 is provided
' preﬂ@abheﬁ)nnbbtwa ﬂn@mm bkﬁ?@eamhogdb%tq &6 @t 2 In jope gmbodiment, the

buf%xfgge‘{% Y feo n éan%at{o%uofffﬁodoﬂ ?n% %a%%gﬁgma%rsﬁ? In

the Citvdithénat l(lBl fﬁﬂﬂu&ﬂIGt CB Otinsg ﬂ@t ﬁhplfaﬁtaﬁloﬂ e p@lfibﬂiiﬁd after the
concent ation of th

pattprging othe thick exiflgdda § PP haforpaiion anhe gl THE ik laver
38 s%?ves ?J‘gapgﬁess ﬁ{e%éﬂrcﬁy%ﬂleﬁt@c[ SR dHandel feﬁb&l‘ﬁ?ﬁ&gfﬁ?%\@@ﬁm that

about O m |In one enbodi nent
the dq#@roniisglps d@@mﬁétﬁa@ytoﬁ darpntore ehenaeli on of Boron into

_ epi taxi al e iment 10 .

10035, °5' ' bheLermalRtnt o E1 . e B BORAR B o FOL B gent in

partpad ttEfE fﬂﬂuB@e@Q‘ of hpitihalclayaxi4land 4h th,et digfipcendeR@ation of the
formation of the gate. The buffer ﬁ%ﬁ%@ 8 serggs to

subgitatp s Surning by crbedimenk KIE ehBIG: 4@ er lpyplocd & Tpplaced
w1t}hﬁ'lnﬂ‘lepg HuPreL DS S b secBﬁkﬁbﬁ?&ll%‘e'r QU]Ha%g Qlﬂpéiﬁ @8nd¥Rfration

reach too far “into the channel
"N eriabotmswdmbl@fdaép Gmnlantthé‘fd@rmmnl dh%\thr@:ﬁkdp\gn slogation is

RGN ol 55 oL 16, RTH 0 kBB
buffer layer 40, making the breakdown location largely independent of the thickness of
the epitaxial layer and the dopant concentration of the substrate 12. The deep

“implantation of N dopants (preferably Phosphorous) to form the second buffer layer 40 is
performed at the beginning of the process flow, after the deposition of the epitaxial layer
14.

[0035] - FIG. 5 illustrates the edge termination at the peripheral cells of the device
of FIG. 2, so no gate is shown. The structure of the edge termination is important from a

design perspective because it closes the P-N junction in a manner assuring the target

breakdown voltage. The illustrated edge termination region surrounds the active area of
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substrate 12. Turning to the enbodi nent 10C of FIG 4,
the buffer layer 38 is replaced wth thinner p-buffer
| ayer 38C and second buffer |ayer 40 havi ng dopant
concentration N In this double deep inplant buffer
construction, the breakdown | ocation is

advant ageously | ocated at or around the P-N junction
bet ween buffer layer 38C and buffer layer 40, making

t he breakdown | ocation larg elg i ndependent of the
the traisistorésy) sregted byPewelbi §.altisaduld by endemyepdithet aggjgdadic can have a

PSP SRR PSS GRLEPIE e SR i ) e

opefatingat faesl@a: oraakisoarfih, efor lezaraple d0power speatch.oMie dowte hivel 28A
b nn of th roce fl f t.he d ti

extPRS bR o VPl Br e 10 sl plefd iy PEERY e pilgwn

voh%?&ﬁl therBEibRbLE R @lict))as BaCHBREIRVe GEtdnsie@fontwith BV i2C €The
of FIG 2, so no gate is shown. The structure of the

insweige lagerminisirioath 1hs fokh platauRpTiongH layergdi dpgain illustratcd by
refe?&fcé REGiey 85P R58 Y SRickhess | RBFEn : eﬂﬁa? oMo, 5'%' ke It clér oxide

nner assuring the target own vol't age.
porildni s of mtslddtlcaﬁlggert%mmwm inIFIG8gR-4n Therdray pljlg 24hle formed at,

or Sigtimife &8 o n BraububleAdtt Riihe bR rbRfort e

the dic iBlsihipalatedyfrodh adjdednt Hiealon tarwdfet ﬁtdirpr@)ﬁmb& ta@she dram plug 24.
descri bed above fabricated . in parallel and operating

Theaedey teqmipationtregiAs e8dsoyith qrai @Fuge%(’a??@ri@tm%l thsofgysistor from the
edg?_) \-vavte Sl]il ﬁe& Q. C?hlﬁt%‘ﬁ}g%ﬁ’%&u%@ﬂQﬁe REMANdoddduence of the

\ acts as a field plate (which affects the
fonbatemkddwstruvmretdgﬁ(ith this region of the device), as

bed i th FI.G. 2. .The . _. ,
1003RE 51 Lo T8 Prlesd Aniamies: e Prketbaf 4Shing pe b Epipuin lnyer is
1x1bﬁya@dsma&ﬁé‘ ((RORIwEL 16 14StorRéEBly byerlabﬁﬂhg rde&s BufiftiMA3e(FIG5}) and

has a thi ckness bet ween about @4 li ke thi cker

bodglisderlapttionpindbe éﬁ*aﬂlﬁ%wﬂﬁ%ﬁhe |Pa‘§i@} eglrf&wa ugs 1.5 pm.

4
Thlﬂ% telrré?lgautoglzgn ﬂjﬁ bgggéag?oﬁ‘éé@igggggﬁ&ed d| e haV| ng
[OOBW&‘ t r ardsi st exenfipdanyespplibaion, nhe ilmproved tpowret HOMOS device 1s

bl e tha TR it st el ot pasiosed

for 6 R0 ApotREEanMstdt iflIfal dkaRiphd a DE/DERM@EL REulhRE _
transistor fromthe edge of the singulated die. This

[0038] ust r €8 &0 shewrlecitisaltdharanigrisiicalobtained dyyuwmesic gimulation

for [ f  t u . 0, . _
o { iy b PTG 08 BRAEEINS B TS, g0, i
brezﬂclﬂbWﬁWbHigelo’ci)’lGV ang a Iﬂa)xirﬁdxﬁ aHbWHd;ﬁ(m[’ﬂis,-totgaﬁe Veltagd of 12, iwndth a

B 2 Y P BB L S S Bt
Vesegiel fo 20194, ke, dropdrd 90 Y8ltd. STHe Pt Mis curve in saturation region (Vds
> 1V) shows the transistor is free of short channel effects.

[0039] FIG. 7 shows the resistance of a device with an active area of 1 mm’
calculated as a function of the gate voltage for the drain voltage of 0.1V. It can be seen

-that the resistance predicted for Vgs equal to 4.5V is about 13 mQ*mn?, whereas the

resistance of similar devices in the art is higher than 20 mQ*mm’.,
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Thi s edge term nati on can support breakdown voltages

hi gher than 35V. [0037] In an exenplary application,

the i nproved power LDMOS device is fabricated in

parallel with a plurality of other simlarly

structured devi ces and packaged for use as a power

transistor in, for exanple, a DC/ DC vol tage regul ator.

[0038] FIGS. 6-10 show el ectrical characteristics

obtai ned by nuneric simulation of a 20V device 10 of
[0050](—1 4 WIGhS slivwaahd dairpdednods diupoibndd shagredvdlage for a drain

BT T AN o
valﬁehl'.:é?&{}‘ 955, q)filn@lp %dv%ﬁt@geo@s FHONEW S Iz ?})lﬁbaﬁblﬁsf e ccﬁﬁraﬁ modern
g

function of drain vol tage at s equal to. 2.
powzr MOSFETs mtb shw@ charmel, Bneds uridly RSt s eGh \l}ghthhreShold

vl £ B g eSO SO ERGRLELT 15

[00dEEi st alkE@. Bfshews ehel @pasitahdesalisgdldsy andiCess afa ]ﬁ,lm‘mﬁl of the

cal cul ated as_.a functjon of the o] for
draiy T EG O et o 1t 9oV FRRSHPR (G Cpfiaopns e oupu
capﬁ&tihii@?l‘éﬂ OIS Hna ek & Fhe Mo&baBR Yalacitthcd (O¥E)l CabeWeryldose

whereas the resistance of simlar devices in
to €grb depending RiL gpevhat Hamnings Hrp sopree signgls [axp applied| wud gt what
h
tern%gﬁ\é\%n 8?£625Il rags%vg Sl\g% u?eZlg geﬁ ng}{}p%ﬁlqﬂ% th 0 gégg rﬁlevwe as
smalllaa;taphhmntdsrtmnhé connoktcadly awfilableeprodiaiss |Eattmularky the ffitedback

at.alwvauebeow ch |,s advanta for
copSiiaaee CpHPmTBRE St B Cedloe StRlgRY ¥ RS i i
@u%hgﬁoﬁgqusgbqgnel | engt hs usually result in a much
er threshold voltage of nore than 2.2V to keep

[004% deviFgwallyy B&. dP shows ¢ setshret cuve-eltcgn be sesaffonrfhg curve

e O HBef LSO BERSc (Lt RDRS: AU, 3y 9 onCim’
This Nt acaRaCi lcancehz(pg‘gs ptovaidjdd , a@osscémsed hBguat pmﬂ merit of

Rag QBT pVERSAVEET) of Sy aCs affereas Bty i b art resul

lnvq%ggm@haghﬁysdﬁgwﬂmgt term nals the source signals are
applied and at what termnals the response signals

10043k reas\wsetiforigaheye i ympouedaparsr LINOP depies isrenddedhaving
an %Vgaqnslbngéﬂs?s{or %?es ' (t) E]Cel%wtnlt% ?lialgll%%elt\l s?lgﬁlfec' ‘ﬁxi)‘ie\qce exhibits

e produ arteu he 16

lowcfﬁpx&ﬁlsﬁaﬂct’w(ﬂdgﬁlsy Io&bp:rm@ xhanmbietive @gtrédutivn of:gnt)subs;rate and low
smal | er a factor than simlar existin owe .

Ced paseeitagee %@d&%ﬂ}zﬁ%ﬁ f?e%)éatlcl BOGNBRL LV Rt | b it ?j@r drain

eledﬁ%ﬁé’se I bmbaRntftsS BRMNsuFRMdnBRt CieN® otedated At daird dgons,
vol tage of 5V can be reached by charging the gate with

therghy yropidine® gl current capability.

[0044] FIG. 11 is an illustration of an alternative embodiment of an improved

power transistor, more specifically an improved LDMOS transistor 10D. In exemplary
applications, the transistor 10D is used as a switch in a voltage regulator of a power
supply for,” for example, a server or desktop computer or in a DC/DC converter for
general use. '

[0045} - More specifically, FIG. 11 shows an improved n-channel LDMOS device

~ 10D. The transistor structure 10D includes a N+ doped semiconductor substrate 12 as
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This is a very |ow charge providing an accepted figure
of merit of Rds(Vgs=10OV)*Q@(VS=SV) of 22 nQ*nC,
whereas the simlar devices in the art result in

val ues hi gher than 50 nA2*nC. [0043] As set forth

above, an inproved power LDMOS device is provided
having an n-channel transistor forned over a | ow

resi stance N-substrate. The device exhibits |ow

on-resi stance (Rd,-on) by lowering the resistive

desadretimbie bitwugh irt densive bmhodimand thowb§trat€y2i may be P+ doped.

o GRRTEAT R A L ARl S BONT] LESHRhASp o

is ekb@cﬂ%&ﬁe&%dﬁdN@&ﬁ&ﬁdﬁ lover gate and drain
_ ﬁglons t hereby providing a hi current capablllty
[0046l044] Pisdesaribeql gbeite, 7 pemisendetop Y'é‘fls &Himegr oxe b 12.

B A PRI RUphd ISR 14 oo
ovee lenpprer yurfappel sdsirand?. t Tee epitaxsil dexor lﬂ.dliam @ upnst suface

deslfgs?tv%l F%pxe é’%fg??ﬁ}.‘{%lllﬁl’g eg‘ élrs\e/ g':ﬂ 8?1%&(@2%)'&) i@,gwﬁﬁ It Yabncatlon

for Raédde r@@ﬁéfﬁﬁérﬁ to fiY dis€l6dieE add thse doﬁd&&é%mk\/ﬂfeallustrated dopmg
' s ecifically, FIG 11 shows an inproved n-chann
a&gyer 14 has

eypabed @ mereetailfielow.  Banegnajodupgnt, the, prataxi
a th;ufkg!eééqﬁﬁ;gé%g dapsd, §€’Hn§0ﬁﬁb‘ @fn%uai pR%t adGedsdis Ferredl® as

escr i ove al t hough 1 n" alternative enbodi nents
the trigtal lgrglixsd ﬂmkee$2>fﬂia3/grb‘enmedoped In enbodl ment s, a

in electrode i s..forned
100375 e ol ot heshismBiTies I R euRmeRb i Ben S erins
conSHgtibRbethd Zmplhiied Bdurdsddrsiegiohe dTleignal ﬂopmg of the epitaxial
sem conductor |ayer is forned over substrate Lr
layes e ap sEpeton the esistanre shtig device pespase the caﬂPlitgfﬁt“fsy ough the

vert‘ijc%p&%xlséoln#a%f)fégg@' 2t3qziés€hbécﬂ¥e%w)1‘1nfoﬁé BRHodiMLR tHeriﬁitmlch)pmg

upper surface substrate 12." The epitaxial layer
conbegragon cmpber kezpm veydew, Uésw@x&ﬂ edltcm}s/qm ¢ andfmoreprsterably at or

YRR B AP P RO Kbl AU PREfed oo

oveﬁies@{sa@pélesuﬁasb tmﬁthde;maﬁlan myéordm the il lustrated
|ng roflle as described in nore detail below

In
[006 pigeiAtplant Fegieni2f Ak |f%zvnqdaf)¢§w161@bf Fhadhin gpitaxisl layer 14
t
R

to hbfem:dsnaksm@ktdlklen oroomn - Theydeain extension region 20 is formed abutting or
at least proximate to the upper surface 15 of layer 14 and has a dopant concentration N in
the illustrated embodiment, which is less than the dopant concentration (N+) of the
highly-doped source region 18. As those skilled in the art will recognize, this drain
extension region 20 increases the drain-to-source breakdown voltage of the LDMOS
structure 10D. The LDD extension region 20 has a lateral dimension between about 0.3
to 1.5 pm, and a depth of between about 0.2 to 0.4 um, although these dimensions vary
based on the desired breakdown voltage rating of the device. The region 20 preferably
extends below (i.e., is overlapped by) the conductive gate 31 between about 0.05 to 0.15

LLITL.
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[0047] The doping of the epitaxial layer 14 is usually

much | ower than the doping concentration of the

i mpl ant ed source/drain regions. The original doping of

the epitaxial Iayer has no effect on the resistance

of the device because the current flows through the

vertical drain contact region 23 (described below). In

one enbodi nent, the initial doping concentration can

be kept very | ow, bel ow 2x1016 atons/cnB, and nore
[o0#9)ef er alThy TaDMOYS sﬂﬁ.&itlﬁw BN Akb iatlods/ &rBurcé anplimamgum 18

A conductive_gate st descr.i be bove
havinga C@anggn a%?écefefa %F@L &sal%&nfa 5%?3 30, C[Ué%%gfm
18 &Addd 1dt&91'1}aﬁétw%&ﬂé&ﬂt @@ th 9. sf;%nﬁ‘éé LR BIcRESh ol 1S to 0.3
epitaxial layer 14 and forns an enhanced drain drift

pm rae@ ialsn partiaBe vederlipDhrjcondusiive gatgiddrperucealabeut P2y %éib' pm.
; = . _
The! \gﬂﬁ 5\%rlgp]$‘36 %g glxez%ﬂrc% %n(ﬁfhg 1‘8?% Iﬁ)g’ ZOO?}etl{y thg {c’ tprov1des

s1on orne
conpmmms patdaction inhibe chamel region @fcthae d&viaef I ayer 14 and has
oncentr at on Nin e illustrated

lﬂﬂgwgggfi%lgo iR YoshaingsP PpsAopRS aa%&wng a conductivity of P

con@éﬁﬂﬁﬁ&ﬁ {s8b U ﬁal\é;b)ta;em 168 14hia8 by 2 dORBE S Bekveen ERGBRE 18
. As those ski inthe art will recognize, this

andonnhﬁrwed aainrrsgion e domringthy ekaneelstegionhierebetween. The body

s 31 AR SHE GRS PLAR 184005, MGy B oy i

16 i a‘maredl to dxl dapiis bbHbetednstent A5aatl.® ush artdohdrizbnighiengthchetween
b d%ﬁéh % bet ween about 0.2 to 0.4 m although these
aboyy; }-3H® vary based on the desired breakdown

(0059 t age Thakbig c&{tactt ReideM BR-a ﬁ'[@?d&;?aﬁt Shcefratibef Qe vt

extends below (i.e., 1s overlapped b (%hthe conduct i ve
| Whlglau%gtmtebéhme@n depaitcopc@iation Of 18 bydynregiopal . 0@podescribed

ol BB Sl 0 RS SRYS5d FELaon

trenellﬂ h@i@e d9 domhed iif epitaxiab giyen 12 thd Rels rachﬂlf e@dth rateth8 dimension
LIy between 0.3.to

ds | bo
betvge)étate OBleDaheord A HSAE the g1 %ﬁﬂé’mfdatr’s%le %Fmt?faf‘ jpgir of

adjauaﬂ%iig)a&dtéﬂaeﬁp B&%Eﬁ \éﬁ‘mﬂ@t Eto38.3Q6h WemR »ag lébnt@ctQ’égfbﬁ 26
m~  The slight overlapping of the source and

-prmdflw f@l’ pdgivoIssistiBce Qitdsy betweery ficesopiceppeigl byer 28 and the body

[ c
reg§ 15, (0RUE BRI fonBRob TP uf NAMAEL o5RBUTE (B ghficlococe
resuftn éh & aameng bias@d ldﬂalMﬂyubJklyamPNFjuncntmnpénﬁtdBpiBh@nlayer or region is
for I taxial |ayer nd has a s b I 0 .
A R AR g e e 281 g doping
gradi@f MoRPiht Bedsiramatr Beg 19 rHReNe B MERBstrald €2 BaBhbodiments
region 16 includes body contact region 26. In

witherbeNphudiey 1 Onbidwiradised width of Bisdlgpleen tayer results in a lower source-

drain breakdown voltage, but localizes the place where the breakdown occurs at beneath
the contact implant region 26. This, in tumn, 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 the generation of minority carriers by impact ionization.
[0052] Though the localized breakdown voltage below the implant region 26 may
be lower than the breakdown voltage along the top surface of the drain extension region

'- 20, shifting the breakdown location provides several benefits. First, the hot carriers

15




16 is forned to a depth of between about 0.5 to 1.0 m

and horizontal |ength between about 0.8 to 1.5 m

[ 0051] The body contact region 26 has a hi gh dopant

concentration, such as P++, which is greater than the

dopant concentration of the body region 16. As

descri bed above, in one enbodi nent, the body contact

region 26 is forned at the base of a shallow trench

region 19 fornmed in epitaxial |ayer 14 and has a hal f
presendath fdrakenple, dimveiiof dre trdnsikive are ghdnetated dwhy tionDths gyt stack

njng the width attrjbuted tpo one_cell of pair of
31, S dmtosa the st B b eiepatdeln Biotetge SO ghoyfomer
regOf of HAE JARAYxiBO MRt tres®Od QAR leRNQVisdasmdf @ embbdents, the
resi stance contact between the source netal |ayer 28
- dopipgronpratigiienof the gragmextensiopiegien panadneigasse hi@ithg pjgher portion
| N N . .
of $080fipd PfgY e AOIBRRAED. Il Fe sl 0GRl [ finco and any
assdeidt¢ciomttiilpriion tth ¢hedRqiH, @t 0bthe Idayiee. Hperlegimpentiation above 1x10
"squeezed" in.the vertical directjon between the
storpg e ca v eS S h LR BRI oAby o obsseveg o
desskiteadeluf fer | ayer 17 or the N+ doped substrate 12 (in
enbodi nents w thout N-buffer 17). The reduced w dth
[0083] t he dsitansigiar devjesr] OPelsy ingluples an ingigingdeer 3das described
dmg%ain breakdown vol tage, but |ocalizes the place where
t he breakdown occurs at beneath the contact inplant
[0084pi on 2% debbriitsed briefly wbove, def devixe inbledgdtifhly conduetve region
urrent generated duri t he aval anche .conditi on,. .
s _O.ne?e? mﬁ% _ﬁP‘{‘%’fé’& iérys’e; fftad ?qfcai%ﬁﬂatwtlﬁe@t% i rgn FFEPHOPRgEon
20 foURCEdAbct? saBsthakedld. tlkiot hrt LEAIOS iiindikier ERMRE ¢ BRaldfown
mnority carriers by inpact ionization. [0052] Though
voltagreof e aiansigtar ishéghlxiennnitive fa atyevasiationin the senspsitignbetween the
distElIe&i QM rafle g&& c&ﬁ?clt Yo, dalh281 t R LESAKANRYOIHeABEth of the
a oﬁb the top surtace of“the drain extension regio
. draifOext@fsicht tegignt dvd dtaneedeg durth¢ acatifaoturipg roates as évavalves the
. benefits. First, the hot carriers. -15 present. at, fo
sliegatielstinee R bieh BF e s Srn <apafy remlpBar MGl
extdnsRMrEd16n HREA ifittd@knakds fhe oG atioR IV eheefevidalesign difficult and

reliabrlity of the gate oxide 36. The electric field
narrgys fhpemantasyring wigioms. of t he gate oxi de never reaches

[Oﬂgg j tic alIn lta%\ffﬁle&?d %ﬁée:o%i I ent io? tl-?erﬁé%!e I ﬁéél 15) ﬁ'l% chg&]%ig(}g region

centratiron o aln extension reqgil
23 isnger Nasduped timplahe rdpicgh2d feraretli mtweenf the kebdiam ) andtigedrain

AT T DI GEYA ET TR
. R, ety s angan oyl o
frome&pmytheyupnge burfass 18 oé thsippiaxialdayes 14dds emberdiments) doped region
23 is spaced from the upper surface 15 of the epitaxial layer 14 by at least a part of the
‘drain extension region 20. In embodiments, the highly-doped implant region 23 can
extend partially into the drain extension region 20 though in preferred embodiments it is
substantially limited to the arca defined between the drain extension region 20 and the
substrate 12 as long as electrical contact is made to the drain extension region 20. Doped

_drain contact region 23 provides a low resistance path between the drain extension region

© 20 and substrate 12, and thus to the drain electrode 11. In the n-channel embodiment
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[0053] The transistor device | OD also includes an

i nsul ating |ayer 34 as descri bed above. [0054] As
descri bed briefly above, the device includes highly
conductive region 23 forned in the epitaxial |ayer 14
and el ectrically connecting the drain extension region
20 to the conductive substrate 12. In prior art LDMOS
transi stor devices, the breakdown voltage of the
transistor is highly sensitive to any variation in the

showepaFaGi bl thetmirecontdoe23 euasa dbpanti gencefitrative o Maf pr higher. In

onel GSERPE (HE T A4 diet enb B RL IO ‘B DN a4 I e

amduRoNBAUf L 1104 Neh PRIFGA&E).as it involves the
alignment tol erances of both the gate 31 and the drain

[00§6ht act .Thyass ef Nodopid regien 2ps ﬂ@@t"éﬁéﬁ bsiwecaghe drafneggension
reglglﬁ fzg)l“gnﬁ t{f@éﬁ%ﬁ&@qZ 3)25‘}1 2Rt A mBu % A Il%eéﬂdctﬁygg%%hzg benefits.

i cul nar he nmanu
Thi§ ﬁ@;ﬁﬁg pidfil@ispeasityeappiicd entoodiottige M@SEE]B wkare ¢l B4t perten of

. conductlve I s a
the Fgtine i 35 PUTTRIAEL feb T e S8 G ey Bout o-
2.5 QiR For eR¥h18Sth AtalLdl Ah-dRnnd IMOSHEP @6sigiedi foiVasmbs of 20V,
ateral ly and vertlcall spaced fromthe gate 31.

A
the diishl8g riginm 3 3n be forRied iy Sw cprgPuHY c3mplagtaiprspf phosphorous.
In 48" dnitfoflh tscﬂéﬁsq éﬁblaﬁtauoﬁ N %%fie ?if éémcni ¥ Qtﬁzdd\k’ev and the

upper sur ace e_epitaxial [ayer 14.
secanitioghlane hissy dase pé del2egi’ dnat 8(WkeVs Eipac auplﬁnt@mrls lsen bip prsked

by %g?lib?%gy?rhoef%n Cﬂxécﬁe @}& zlﬁéli%lgﬁs ?aiy a&o flid)&/n fovere ab a ghotoresist

witle s eaeknesifabout e jirh ghimeddapeshpenuriacs 13 etxhe spitial biyer 14.
extend partially into the drain extension re i.on 20

[008Rbugh iThepstoped Aiatcanitss dpgiemPs creptess regigpfdpgh gndyetivity
whllzlll fQ 1h§egtea Bettwlg& i ng E%ﬂe{i’ﬁ&ei‘l &gfl?g&%nh g &Upﬁi rofile created by

ext ensl on reglon trate 12 as long as
the elistiate bhbf tengpitesial byemtie tﬁetméedechdnplegtcemnwmon in this

. Re rag n cont act on QVi,des a
regipfids Ahiehs: LR HompRERL T ol FllR’ of ehidhé il o
reglaﬂ 23hgkthsihs kdeddreis tubstaanigll Btntirdly E&lﬁhﬁﬂ adtlwehe afaﬁmebaens1on

In the n-channel enbodi nent -16 shown in F|I G

feglf’ﬁ @Od r B feagie aakeptherhigakdoyy ﬁf@Hﬁgec%@@ HeRSEPD AOIBfm less
senﬁﬁvé"{ogﬁ‘l@ varihdb ! ﬁf‘ﬁn o SHRALE rﬁ%ﬂv&een Jh it OHtAE tand 3 @@ndﬁctwe

orizontal w epitaxial layer 14 in the anount
gateod 1, athdcht inproves the. i@dcegsing Wandownifoit thyir f@@l@&@}n Prealssexpbfined

belo&ttglﬁ g]ﬁt[le%gs A0 23 g}s gaad(?e[s%n\éﬂgt ber{e\{v?e%gtht n theg)%el} of 70%

to 99%Y/Efl Bt oﬂgﬁwmbuénm fontheQipsin addiean20 whaneémlszsed withidsvices
doping profile is easily applied to | ow val

havipedbefame hesakdewe veltage. p"glpg.,l igfupy makes the pltCE’l o% the active cell
smaller, which in turn increases the density of the channel of the MOSFET per unit area,

lowering the specific resistance of the device (Rds,on * area). Without this recessed
design, the drain extension region is necessarily made longer, so as to laterally space the

drain contact from the conductive gate in order to lower the high electric field along the

. epitaxial layer surface. If the drain contact is not recessed, then the breakdown occurs

parallel to the surface of the epitaxial layer and the depletion region is squeezed near the

surface of the epitaxial layer, and the long LDD extension region is needed to

-17-




the doping of the epitaxial |ayer 14 is short and

anounts typically to between about 0.5- 2.5 gm For

exanple, in a case of an n-channel MOSFET desi gned for

Vds, max of 20V, the drain plug region 23 can be

formed by two consecutive inplantations of

phosphorous. In this enbodinent, the first

i npl antation has a dose of 8el2 cnR at 200 keV and the

second i nplant has a dose of 8el2 cnR at 800 keV.
accélihmséatd': ml’psl wehlaiomrm arder foerendsk edgetthyreakddenblobageay &ith the

o) R AR TR BB S o

logc@T(BBY BYRKIkHIAF 2 HIM +Rli@h of h@paRiibaxdth N, b
Soﬁe R Oagg ' e?;oped %&Zlgn éontoactpreél on 23 cre%?ecgn )

°bS%FV?€bg lemhig ekp@‘ﬁ fredsheerats afithyregign; veifh ths highsst qopgctivity, ic.,
e BELUEP Lok i £RRLO SSIRN 30 0, SDETORIAG
moﬂea'sfhxeclldemgﬁfmddngfee ibreatidalop voltpge dnge rit'}\éhlghnr)lwhemmoglpared

Lon is at |east. 1x101% at ons/ cnB. An i nportant
Wﬁqgg?ﬁ?gw%?gﬁﬁémagB% ‘drain contact region 23 is that

[0088 T eJIR RrdfSrr&UBabARNEAL, the Q:Bu@ﬁﬁl' 1afdr Y1 4cemihk TEpiVIDS| @Wme

the drain"extension region 2 This feature nmakes th

10D ise dmrdvite m@luﬂa@eth@? N-Aeperlr bifls dexsr Tchrald N, Bufder) Tormed
t

dire &3‘}‘ B#rct}oiﬁ b {r%tlaaﬁl g aﬁl &gl%)()n U%{t? \}Eéedtgd]ﬁ% @%@n@ﬁfe‘lﬁﬁr&é B&tter

laydr rl'ﬁrls)‘tempirhlele po oc egitlychighen dipansthitost HddgiregibmB6i tat Noleping

As al.so | ai ned .be m1 di fjed structur
contgmiglian o ThBs T drefs ook gt fo i 1 hriddutiih oftage gf the
tranigfr uhder B0 Ffihd Qﬁrd%rdoﬁtaﬁﬁjeﬁlbﬁ)@ ol elﬁeérhéatfi phplbft@egl6:@26) thus

region 20 when conpared w_t

devi ces having the s
- suppressaibaHIRASE eiile varision in the cpiipvial lawsk bickpgs og; tb?:hef%ffmame
of thd vt i ve cell smaller, which in turn increases the
ensity of the channel of the MOSFET per unit area,
[0059]\Ner [ ng:\ Phippsp bafifér layerre251i stfanmmﬂ co;fer titveN dloped buffddly, bplow

Wt hout_ t hi S r
e LEELFbipt @870 S P IEED PG s T B g4 g Agpidrain
contadt RERLI28. SRR e Riyerdt Risike %&&E@Qiopﬁd a0t the be@y eigedn MLand
gate in order to |l ower the h electric field along

the phpst cleasgq iaxthis) layw'é@ncg%rraﬂ@aélqufthlph@Ss)rla cAmpeabls de ﬂiﬁ'ssheet
cha%%t\m{h%’f’ %i% a Qﬁ%b)t Q‘ﬁls%?@fﬂ?&‘ﬁlqg&% s%ﬂﬁgﬂir}: Qbtail Below.

e sur ace o epl't ax ayer an [etion
.[006@]gi on Ime&ﬂmem&sﬁﬁafegidhem &ud ftaéfer edgidrhel eﬁulﬁlhxheaﬂemgn

er he | ong.LDD nsi on r
guid lyize%ftf@ fide Bl Rce 3 disGrSd W%‘Fﬁ@ OP?}%\E 93945?0 and

5,2 f@l Bethe RhGRKAGWhiMPAL ﬁ%%by Webkpoti& byRfdréte Bbrehd. Ghisdharge
he high eléctric field is noved de€per into the

balaelp¢ ttq&maluel ayercallahdhage spupiog. gebsgiutesathpronglprdigripsigivity
_por%on chlve %.'Ir%%shé%gﬁq %10![10 ﬂtlk ggnﬁtséde{bgﬁﬂgoﬁatﬁe high

serve rlt curs at
blodkexghi ﬂﬂtagb bfltkielt&vhbgﬂnesiepkenmd Layt, wﬂhyan integleaved structure of first

and second regions of alternating conductivity types. With increasing breakdown

. voltage, the drift region of conventional drains must be made longer with less doping in

order to.increase Rds. To achieve a desired breakdown voltage in the device structure,
the charge in the regions is balanced and optimized for the highest breakdown voltage

and lowest Rds-on. The thickness of the doping concentration of each of these first and
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the recessed drain contact region 23 rather than at

the drain region 20. This allows for a nore rel axed

desi gn and hi gher breakdown voltage (e.g., S-7V

hi gher) whenconpared w th devices having the sane

pitch. [0058] In preferred enbodi nents, the epitaxial

| ayer 14 of the LDMOS device 10D is doped to include

a thin N-doped buffer layer 17 (Il abel ed N _buffer)

formed directly over the substrate 12. In
secétithregio®Rtsech thaewhapddpletan frephdeathanse pef uhibereb tidrined in each

| ayer 17 is conparable to or, slj her than that
of t@fseggg}ynsr ;é a&qeq‘g Iny the prefﬁrqjioepsfﬂ?f?%m %d%(’t G IV EREQ, | the c%arge

balaﬂ&é 3s DSVigdd hEGAD tHe! diatn Wech DO AUaMB B-BEk RAAON The
vol tage of the transistor ‘underneath of the source

deplstinn aegion deyetnps swm@ltanewbemn@a‘teﬂwom?mﬁﬁ withgy epmpxgsated net

‘ cha}égu? nd B %’sf.tﬁ%%leﬁ]et%ﬁrw]ﬁ lh mﬁ%un?{{l id &ﬁf r "f’l‘hé féghﬂzgue: ]E%is toa

axi al ness on rnance
shoﬁeNdh@tence[leﬂ).ﬁﬂs}i tA sistala pedrgoublbeking ayle:argeldf thes ddvagenand allows a

over th ped. buf f 17, .below. the L Xt lon
highe peing Seyel Sa DIEAToRR B A RO By PR AR e

doptPek] &y 1ﬁb1@aseﬁ RaB&tt 10201 thiRes2ffom NGo MUddpRig letdler TR rddaices
sep arat;éﬁgdoped fromthe body region 1 and t he

the gisistapce i 2hi s | ayer (concentration tines
k
0BRSS hoks SABALABLEYE 8, DLy EgF W P
buffeﬂ regioe 2tidiagial d(k}ﬁhowoncelﬁt&@lﬁﬁ]P THae dieqn mmpbnntanm ofiN dopants
20 and buf n,.21 f
OrefRR B REEOBR L iulogn BEPUFR ks 1 it be sisioried 3 G beginning
of (RXBIRES floW, BfteRBE ﬁéﬁosmﬁ of the/pitaddOaprd 4. Bk 122521 can be

t he entlrety of which are hereby incorporated by
formed aftes iraplaniatien of layremlg o h%qrghe fopastignef draie RRigdde, al so
| ed ar cou n S £
e L e
confprlédcond@itivn maaé”ﬂzﬂ: belecSecBﬁmﬁ elseglotpcatistng of Ab THAGHTI/TIN/AL

bl.acki ng vol t age e device | Iet'on | gyer.,,.
or ) lsmkshenbeand ey e ettt & ot v ERbmEalapat figetton) or
by §R8LANS B ALhBERRRNGCRRPHEE indltiple fay88 %f mé¥a Br metal alloys.

I'ncreasi ng breakdown voltage, the drift gk
In epthedisrniso i sodregi hestintes 28 pey e creird banged Ov\ml rPdeégecﬂy to the

ext q}?ﬁ gE%( dol) eleg ‘?t% "Ith% sbﬂﬁé 913&?0(1@%% ig o@ﬁ:é?l' Rl '.ﬂlaﬂ&ﬁ kbR 19

evice str cture arge
to prdsmﬂehm elegnoatl&mmbwithmlmeﬂmmedmpmt g ze dveﬂcas to Ipeovide a short

st breg& volta nd | opest Rﬂ§-on. The . .

berytrdRpeRETS B Do TG 46 SeHier SISCBRIGSS Eeiis ey ngdation

Iayér'3f45§nd%ders 18 RGO REHARIQNS ths wakghinkRdingWhe Bate structure 31
epl eted, the space charge per unit area forned in

andgh@in extension region 20 (except for a small area set aside for the gate contact). In
one embodiment, the source metal layer 28 has a thickness defined between the upper
surface 15 of the epitaxial layer 14 and its upper surface 29 between about 1.0 to 5.0 pm.
[0063] When the device 10D is turned “on,” the conduction current flows through
the source metal 28, through source region 18, laterally through the channel underneath
the gate 31 to the drain extension region 20, through the drain extension region 20 to the

vertical highly-doped drain contact 23 to the substrate 12, and through the substrate 12 to
the drain electrode 11, which is electrically coupled to the bottom side of the device 10D.
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of these regions is balanced. In the preferred

enbodi nent of the invention, the charge balance is
provi ded between the drain region 20 and the P-buffer
region 21. The depletion region devel ops
simultaneously in these two regions with a conpensat ed
net charge, and the resulting electric field
distribution is uniform This technique |eads to a
shorter distance required to sustain a target bl ocking

{0054’] t age e dobifcdambicanrffde 2Bl SMEIGR 11hprohides eoRiahddvantages.
evel, i.e., higher conductjvity, in the drgln region

Flrsw sipgle eonsativRIAYY cap Rave aopathg sPusre pontectiand pabigldelggirode,
wh@? ?ﬁel(ilso 10 cdd B Rve gﬁtg m lN'fro'irP e GORL NDnlagY [Qb Sand]TPéd%ces the

ces the resistance of the region 20.
capad;ltaocprebletwg«frf the gatgimghdrain (Ced)-a Dl@ptarthe cevaeseelt thatdran cpntact

R- d b ff
BB R A SRR g s
th1ckﬂés§%ﬁ§r@bxh%ﬁtd?jﬂ e@ﬂha:rshﬁ St}llgtcm?_,sﬁ of ﬂ"])ett]i]lﬁlfldﬁ'qfof'tﬁ]n 37a1ylehe Higs. 3 to
can e ertorne at the edgl. I n of .t Iro
4. 1 ThYE e @eed R o STRAFAH il gpie ® BYf; 54 gl P%fge‘P sgparately
conﬁébft fRS sHidy hte 4d tfePduRRe 187 AMBBRartdcRIratlig/ (ﬁﬁﬁ@&év‘i’dé i9%hereby

l'ayer 17 or after the formation of drain plug 2
grefthoe®fovEde sour ce net al Iayer or electrode 28 of t he

100881 oot od SFP B Pk A ARG SR A PR Rt B an v
subdttatel i1 AEvenOthoMgtb |paﬁip®tl sd@&@&s tcﬁ'd;he\;ﬁfor tal’tepxdeidie anauchubigher
as by CVD (¢hem cal vapor deposi tion). or. g% a1 .
reﬂﬁﬁ%&eﬁ é‘raiﬂﬁgsubﬂﬁ@éeﬁsre%fr [ty &imes Bighst, ag %:‘H’ﬁ? it agh will jpepsnize,
n-chRKE Gevitles '@glgﬂedofor gl Qﬁplﬁhﬂl&l\ésare typicBNDRHhOESH P+ fubSirates

source el ectrode 28 nmay be wire bonded or sol dered
becalise dicis|iporant e hawsxibe sprre plactkalget eraed potgatial phghe bottom of
the %our % esse%t ]t’rglgs?stcﬁsd ]se/‘%g ﬁﬁﬁoﬁ&{!&%r 51?0\;111& aélgrltﬂaunﬁﬁl' dev1ce ona
bwﬁﬁﬂﬁaﬁmuﬂmﬁﬁ&EMﬁ&m&SZME|| as to provide a short

bet ween t he source 18 and bod regi on 1gv%80urce

[0086kct r odB o émb@ﬁiﬂﬂ?nbv@dﬁi% c&?"gﬁncoulp can 4be, jpduced by
oveﬁ S e\ Quiiatihédl %J&fltﬂ‘%ﬁe Af B8R cQbndibie radpfneso aﬁd"&!pﬂﬁhﬁ@ the

gate structure 31 and drain extension region 2
two(regloespmth@n igsubating layar 34 0§ e preaddfned tlaeknekre Igaﬂn@odlments the

insTLRLY 1P R0 AP PAUEEE g0 o4 /80
Optihalahickh&s&ndah ¢l &kerﬂn&y:& fusitrd rﬁllﬁténlcﬁISsnmpkaﬁbnssaﬂdf (ijmanﬂﬁg the
bet ween about (1.0 to en th dev&c

clectgiyal fickd, disfafutios,, Thiy P ERo AL SRt Al e PETal Sorease of

the Hg&ﬁ%‘ %hceﬁtpzﬁloﬁ‘?ﬁ'ﬂfé%lrﬂﬁ Eatknsi$h rebidh 2098 10% kiR ds€gi on
aterally through the channel underneath the gate

[0067] t 0 t Men exemiplargxbhehei oihforegigadevize, 10Ds awyhdaseréibedr Jiaytain

cerfi R SR e pebilal Epett R4S Ty 5 iR pvoid

obs&uiiE the pfesdrd ihwentibhleSabstar 12l i@ q)tm@kel with a\phd- défme& N+ dopant

electrlcally coupled to the bottom side of } 9%1 ce
conggnyation. Nex ep1tax1a1 layer 14 is formed over the upper surface of the substrate

12. Optionally, N-buffer layer 17 is formed by the deep implantation of N dopants
(preferably Phosphorous) after the deposition of the epitaxial layer 14. An oxide layer
used as a drain contact mask is formed and patterned over the epitaxial layer 14. Implant

region 23 is formed using the dual implant process described above. Part of the oxide
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-19 [0064] The source netal structure 28 of FIG 11

provi des several advantages. First, a single

conductive | ayer can serve as both a source contact

and a shield el ectrode, which shields the conductive

gate 31 fromthe drain contact 23 and reduces the

capaci tance between the gate and drain (Cgd). Due to

the recess of the drain contact region 23 below the

surface 15, the insulating |ayer 34 nay now have a
layegiingbmowsd fisiigran elvhcmess regplink teadativy aegued tHeotrdrsstor as

t hj ckness. of the thinner rtion. 37 in the. Figs. 3.0
defiged G 3 ddicdon Bhiaetot 5o, Tt RpRH ot Ans uppiaied i the
~ trankiStol BAHR afcal el Photob@RAKALIE sVrembARNA@ithd RenSlih@bfdgadyer is
to the source 18. The manufacturability of the device

‘useq 8 4 seqadlpd fielgroxide|cpvaring tian dig arqupd Bx]actiyg ransistor arce.
100G, v R iipl PSSR LR oo BRY R d 36 1R

ovepfhe Ggpeprsifiiceald op iy epleaxinl dhyehi lgheNextr asiagtrasicpalydiliem is
n-sybstrates, often 2 t.o 3 tipes _hi gher. s thas
- deppiid 354 e\%ﬁﬂs fo rf%leb@ﬂ?lfémnrﬁa&%?ﬁﬁ- it B o713 g Tormed
usidgQhe RiellaRBl GRS PRocas @r laYsRlickd layerli9 dBRAit@NoRY the polysilicon
substrates because it is inportant to have the source

layes 38 @nd strbecthersiitiiel foyer dastagkedaolysiicopsilicitn sgpetuient] shown
in M8 11 N RoREGRE qge tférﬂ{aag&toersu%% ﬁ@e,{ B, RAOMBYES 16 and drain
p channe e

rovi des an n- vice on a OW resi stance
extensido pegion U tircafiemed . by 6066) Implanaticanbh déspesiive dopants and

addi.ti.onal charge coupling can pe i.nduced, b
therigE BT el G B Ui G F BRIy gte 31 can be
sep@HEBNB AR EsBY Pknodth AMOwSIEBFticat progest, ineckwaryl 6@ eXdnple, an
with an insulating |ayer 34 of a pre-defined, .
- oxiderJpyarisan be denpsisedyau sighed back with ap guispERnin Fpaptiyrdpn gigh (RIE)

oSt | > ' i iof) 0P Arseni
o PR B B 000101 ABLUSH g HaMech P
usingsi patfemedrphotombistsismurhaski ons and optim zing the
ectrical field distrjbutiqn. This char C ljin .
10089 oot ait ohiS ireaffiitdeppiited ever BadmPgroriptiol L Hghductive
2ateCANBARS ARtrb® hidkdedsh SN Rrefoll BN ip@fierh@DAmANteHd k@the desired
| ower the Rds. [0067] An exenplaréwnethod of formng
;

depthe folisaved by fosmafinn efeigmland segionce-t Singlly.demsfal dasgh icfpposited
ovelghlla lentki?x% s rgélgﬂel ahd %Q@&ﬁ% é"&q% %&ﬁ’geeelécgm?ﬁ g& The &idinal substrate

a
m nated so as'to avol scurin presen
is thenvibinhedm a Sedisti thitknet? ands a adisiddadetall 1 hisadgppsiteddb ifroa the

N+ dopant_. concentratiopn. X epitaxial layer 14 is
draip 8]’6_% oV JEKES wﬁﬁawﬁwﬁ%@ _Befsteﬁhe substrate 12.
(00Nt | onahta¥ioudNofief feftboldiddals 7 tHeStrdrfsiR Helite tiV® @REPescribed
I mpl antati on of N dopants (preferably Phosphorous)

belagf.t eThessededensstan g Sfrmed eusing tths imapcepnydsperibgd gyove, with
-monﬁJ:aql%n lt@}ﬁ%rprocess not described herein that will be apparent to those of ordinary
skill in the art.

- [0071] FIG. 12 illustrates an embodiment of an improved LDMOS transistor 10E.

‘The transistor 10E is identical to the transistor 10D described above, except as described

below, and like reference numerals identify like features. In the embodiment of FIG. 12,

the epitaxial layer 14 includes a.second trench 46 filled with doped polysilicon. The

- doped polysilicon is surrounded by the highly conductive (N+) doped implant region |
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used as a drain contact mask is forned and patterned
over the epitaxial layer 14. Inplant region 23 is
formed using the dual .inplant process described
above. Part of the oxide -20 layer is renoved using
an etch process revealing the active area of the:
transistor as defined by a dedi cated phot oresi st
mask. The P-buffer layer 21 is inplanted within the
transi stor active area. The photoresist mask is

23 A eTivRAlystlivdn tHled trenah 4 i9 gedéxded érohathe top sirfaus £l ofithe &pﬁaxial
cal |l ed fleld oxi de cover he dle roun

Loy 4 i s 16h bakiED D RAYSIAFMeAePPTfioR HECHr FRbOdine, the
pol)csﬁfébﬁ‘fst dfd il sib)i Thig @éc%ssqé idied Ivﬁﬁﬁ%elg&né fhafcBhBE6m iRM@dtion
upper surface 15 of the epitaxial |ayer 14. Next,
layeei 3I4§y dine pplypibicgmsplig d6 s fosmediadiensit tedirain gXieperetseion 20A. In
. f I I I
oi BR85S Do
dopsd pélesideon lﬁg&emallnsto diepssiotrading petiohdel the)bglsuxial ayer 14 to make

BB b e S b SRR B SSpe 12

leﬁ%h @wﬂgddrh% Hi @ @BipbRre hnrhlsitkdt 4R dn@&fed 32 mahlcturing the
P-body 16 and drain extension region 20 are forned by

LDM@@SF%| L% and that BAll bedamgiar e thrss o rrdippry skilhép mﬂ art.
Anrféhlu% %al%tl?sﬂﬁiy %ﬁggﬁé%gu&’@e Sal%%& RorRHi AL &R /ol H)eactwate

con e gate "3 arately fornmed using a
- impkmtadrdopie imitlel begly ae epupe/drds ssgidns 10e &304y y ThEd well 23A

| e, id d
o GRERBUR oS E5) BY Fo B SRB e Pl Sgse
draih @k f¥hdi6i$ gainl 100 BRBEQIbStratd N2, M vEthboagudtied deihn dc&ltacﬂi plug 23
formed by |nglantat|on of Arsenic u3|nq%a pat t

 desisihon ghee 81 Bishiy-dhges, reaebab) infpisd B i &b Satape, S of the
B0 A o 4GRS S COpaL o

inmﬁaﬁ@éﬂme&ﬂ&nd etched to the deS|red depth fol | oned

RS TR NI T TR AR

10FPatReLtritfitktdrOl OF Ok N PIBAICS tRE @ahdigsiel BBof FI® 10F d@icfiBdd above,
substrate is then thinned to a desired thlckness and

except g clesiribed helos. and like rgleprase oueeras iepifylfle feapggsn In this
t
e BT L sk e nbBYIER: 2807 RERKAACKIANH ARIAL SRrPBetweon the
N+ dewice d 3ACRdathe ulhdsnl:snng)é’aBocbzeregwn Ith s doreedi e s moekel flding a
rmed,u s de aboye
shally el bl 6 B ERRG 1 BE LR AR Bt fabe 14 tprpgen e
N+ ¥burée l2BioANBAI G thik anbdstﬁﬁlempfhe@baiw asntact SehdH 19 AistsbH-aligned
art. [0071] FI.G. 12 illustrates an enbodi nent of an

to mwﬂyggemaq&%slg@@p @b@ed approach allows for the reduction of
the layout pitch, which increases the density of the channel of the MOSFET per unit area,

thus lowering the specific resistance of the device (Rds,on * area). In the self-aligned
. process, the source contact mask has the contact opening extending at least partially over
- the conductive gate 31, which has been covered with a dielectric layer that is the
precursor of dielectric layer 34C and that has a different thickness on the top of the gate
31 than on the silicon surface 15 of the epitaxial layer 14 in the contact area. Two

depositions can be used to create the regions having different thicknesses. The thickness
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The transistor 10E is identical to the transistor 10D

descri bed above, except as described below, and |ike

reference nunerals identify like features. In the

enbodi rent of FIG 12, the epitaxial |ayer 14

i ncludes a. second trench 46 filled with doped

pol ysilicon. The doped polysilicon is surrounded by

the highly conductive (N+) doped inplant region -21

23A. The polysilicon filled trench 46 is recessed from
of thdéieleopic 3ayet ag Ehe]th Of the eteaspudtase 3l is silgmf&nnﬂ]ylla'rger than in the

et ch back, ste olys |ICO tion. |
con3E o pishs SR AN P O-SHADD M TRLar Pests e Rgps on or
~ pmﬁh{até to thé §p1fa§§a¢$a§fef §p1§dr|sﬁ1%1:eV\E5t &f&'e%&ﬁiﬂg' thc B8 &irfadd of the
frominsulation |ayer 34B. The polysilicon plug 46.

gatq gagkotldd sonfhetenttbe epitwi invescl 4 st %&emn%wreq fhrough
the "gﬂ S fcgt}g L8Rk tahs X gvﬁéw &hd RY B0k gz 3%1&? 1 §&ftmet the

on o opants m t he dope ysilicon
bodgra'egnn dl6 | Tho sedoad stuhr o, disesgarp otchand rl;bators nére selective to the

i f.axi ayer, 14. t o rlc
eri R R deR i ErE e dRom 20 RS T A sure
eleckidde 28R fif Hizh ARpHLEUbSerdté kit 38 atcﬁm@ﬁ.foak uu;er amﬂemlesmtal
that are enployed i n._ manuf act uring

LDMOS
fillipg HHesswresre gereh 4 ang IOVGI’E?&PPMP‘F gale YoMihiais gension
regiSh Qbﬁar%e%g dek ¢ dxﬂgét efihE in tAVORG et S 8RSk ize as used to

usual |y enp oye uring gate oxide formation and/or to
forra¢hte dearices of Fisksarifleld M@mﬂesanahort brswerydijre gpntact window and the

MBS kA O e o

wheh@Rdipated wathdeices pd wgloBonnect i ng the drain extension
reglon 20A to the substrate 12. As mnth conducti ve
[0083Lhi n cdmeeme oghgdinpents, dressqirgseepniash ask i, plgo used to perform

ma%%@ BL Y lt'ng%{%qn{oe&le ?ﬁr&l?ﬁy §n sl @ agpdalt abAes ?Qﬂo&%f #Hef the

eplitaxi a 4, such as by at least a
ox1dr0ﬂ't¢h onl aéateésheeP regiidd 48 ﬂi@klmdemegh of 2O amdce region 18A. The

ti er, 34B.. 1007 il |l ustr B
impliE R BT SR b gt Soee bR e soure
regib8 A Th6rdef RNSORL Dy ul%g%nhg of 6lBipblag ahnsivortdedor dm s/haknche

| CE of FIG 12 _described above, except as described
breakdpwiy, Thesecond &+ dmgloshd®Ismsrieragdatie @Fﬁmnsyﬂ |thggpitaxial layer

14 %gg{ﬂi‘ V\Iﬁl { o IS imFIFRAd WERNMo: indrBSe SR H&ﬁnﬁ@&rﬁ@n&f@%ﬁ fat the

provides an electric short between the
integfacer oﬁth;e&quecnobonhet ahdlaoIthe Repordy Beglgn rlééh ompoging the Contact

beo R s OBl oot shE o R BOBL K MR e 5028 17,

the 1dva QM0 Bf ﬂi&&vaﬂﬁcl&obtéﬂ&lomgb @innkd Actwden tilipfane ripieti 48 aitd N+
t he source contact trench 19A is self- alygn%d to the

contaghed A3 0 raagr dhagyta gyst wadernegihofahy sourgeicgpiact ImBlARGEElPn 26-
007 P ensc? FRaHan e P TP ARE20CE Ho P gl Yeoric
breakdbtn af tha transistor to the PN junction. The breakdown may be designed to occur
ﬁt the PN junction underneath of the source-body contact or between the source-body
- contact and the drain plug 23, 23A located some lateral distance from the source contact.
| The second case, where the breakdown occurs between the source-body contact 26 and
drain plug 23A, was confirmed by numeric simulation. The simulation showed the

distribution of the impact ionization rate at breakdown in a cross-section of the transistor.
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thus |l owering the specific resistance of the device
(Rds,on * area). In the self-aligned process, the
source contact mask has the contact openi ng extendi ng
at | east partially over the conductive gate 31, which
has been covered with a dielectric layer that is the
precursor of dielectric |ayer 34C and that has a
di fferent thickness on the top of the gate 31 than on
the silicon surface 15 of the epitaxial layer 14 in

Thet Righ&0Hht8CAf e Egenerbiibn ol @RSty &iiiers aasb@istibardtitween the
create the reglons haV|ng di fferent thlcknesse§(s The

P-bedyi dRrmsidls of the wprerhodyi @pigt 2P anfagraim Bt Hk of gy OMOS

-+ trankid®r. 9eEmaih ik gg& [of tiabe 'e§1b§&1%hﬂcs 1§ At 'tﬁé AR rch?i’érst ﬂ}@{éni ﬂ for

t contact area, such as by about 0.3 to O.

examnbt nnh@ffcamthadtanels@h & gpuerged gway rfrq_m( |thmg?ée tS’@C]E ﬁé, whlch
efr..up S ace 15 before reaching the

lmpf Vﬁs sur ‘?hagﬂﬁﬁf’hthﬁggte 05 ééé 3fgt ack 31. As a next step, the

[00%H) t axi ah ah&)i@lﬁlerléltdrﬁatﬁb Ghfdddintent, tBe 6RakdSin Bic@fon is pinned
through the N+ source reglon 18A and to a degth bel ow

 betysya thep -buferaesipr gl &0t TEA Perrduilicr Frgionyd sy bhanglgl2 and
. the ms?n gﬁg%g @L&Je thd aﬁlwg 8 saﬂctﬁlteoimﬁs foRatd | h@aé‘@ﬂf ® and from
selectrve to the epitaxial layer 14 than to

dopalite bdginating Wabuardosatpolvhhcqmﬁléﬂd trengb b SimwnfquIﬁE‘ngIZ and

- 13. Sl%gglg r%glelg m éﬁ)%g%ﬁq uvgzg% (P P dce So\ﬁzstt‘i%@ ?Ihgt il Fﬁl}&nctmn if the
conédﬁlklhllﬁglsﬁggil ﬁ@gﬂgﬁd@@ﬂtﬁ&ﬁn&ti@ﬂﬂi& bi&kdawnl vol\t@ehapm Nhh this
the gate an ral ext.ensi on i Qn
em@&m%ﬂwﬁp%ﬁoweﬁﬁtnr@ VR e BHESAr BN A B ipfieed peond
the %Rﬁﬁuﬁ‘xsvd—ﬁce ds tsﬁ%gefs@fi Byt e G@MIeC tpﬁﬁg k&S ghikielifesPaibeussed

e separation between the contact w ndow and the
aboya et rgaitts 30 alewerduenkdevipgt the énterfase [bgtyeer HiesP-buffer 21A and

the Ec:igau{]glug argan%ﬁi 2%2%’3"12 'etﬁgoa}far(ge gﬁ%(%g%]elu% diglmgs%d above are

: inteﬁmbmtly Rivte] intdiderse pinake brealtdaoin voiiske toghia Ilcmatlms €bha Bybuffer
rform nasked P+ i lants into t

P-b
tayof 4 cPhoeataigs dprpesed ek PORHS SEPRE ‘0 R AEI il one

emtRAAn&E 88 @SnRnifdtidned '11@d?ea4,§d b showtsbeionset h Nof Ntth@feNtayer is
source region 18A. The i'mpl ant 48 decreases the sheet

 use wsthe eabediment e HElGy-18 dugause mernesiae Hesaecceiating. s b At guffer
w5 WA 1k b 3R B Al RS 28015 o oo
requiied ts echiovd tlﬁsmthﬂpinhndmﬁﬁt mf§Iﬁei3 ornmed after etchi ng

t he e Ltaxial |aye 14 to formtrench 19A. Thj
IOU%JW ant HG: 186 4 ook censaetigel d‘é‘ﬁ‘é{n?p & oeanerldegise 100

(sorﬁ'étnﬁé%%feh@& &J hRE8 295 “GhRi-RRYITDIIOR &Q{cezﬁcﬁn{ﬂﬁsﬁ@% plurallty

ody region 16A, inproving the contact ~ between
of E@Eﬁlﬂlel: eotrpéftdaLDM@% rrapgigton deviedseasPddsorlyed Srve e tcnchum with

F IGE.:J{elfa or Zﬁ e ﬁ‘h%se of oatli} gmjpr%ﬁﬁ'lt mlqﬂe z?ri W%llli] Sn(?&&!uﬁl Eg%lrgﬂﬁmacro-

omn IS pIrnn region 4
cell devices can be formed using the LDMOS transistors of FIGS. 1-5. Various

connections and configurations for these macro-cell devices are described in co-pending
and commonly assigned U.S. Patent Application No. 11/254,482 to Korec et al., the
entirety of which is hereby incorporated by reference herein. Although only two such

- LDMOS transistors 10D, 10E or 10F are shown in device 100, it should be understood

- that hundreds of such devices are electrically coupled in parallel to form a single
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contact 23 or 23A, rather than to just underneath of
the source contact inplant region 26. [0074] As

di scussed, the P+/P++ inplants 26, 48 are used to pin
the electric breakdown of the transistor to the PN
junction. The breakdown nmay be designed to occur . at
the PN junction underneath of the source-body contact
or between the source-body contact and the drain plug
23, 23A located sone | ateral distance fromthe source

fun&ihPbero-ctl Aewies NI CRSEstiond 6 SrolifLofihee lédlml‘ditn%&mﬁdﬁ by a
bet ween the source-body contact 26 and _drain

buspgACtugRAGoCHRTN) FEmeh veiheaTdcesi fiPag FroRpdinterd, bach Thacro-cell
devRle TOb Hd1@ids %Qr%’é‘ﬂjaﬁoﬁl?so gﬂ)@ Lhd Pfétférﬁ’d'iy Ghoukt 160, 'LW@E transistors

ionization rate at breakd n a cross-section of the
101, reactshayimyra pitch2 abivve Zmrg helsss réest desgribet] frethg A% Applisatiesf and

mpority carriers.was but ed et vee -brdy. -
morf i, trlo o FERUT CAIBT ToRh D I PG fovice
inclRdesOdevie nlabM 11 dovades 190 Qbupl&'cﬂl og¥tien throwgic thedbustshesiare to

enbodi nents is that the hot carriers present at, for
opegata AT Bngle gpwergFPMOIS daices 1 ansi stor, are gener at ed

| [00?2?3’ frofg (lﬂ%%?lgai €ihd G dSA dLM{gchsh raﬁswrg’\éﬁ&nﬁ Re FIG. 14 are

i abilit e gate oxi I'n an anot her
desalitedrabaté me:ommudm wethtFIGE hH -b¥.eAk dcﬂmbd: aohanetipg with FIGS.

d bet buf f f. El
114 B BRI 19, BB o8 AR 50428 Flfhecd e
- surfit@bMNthp ldegce B, \WIGW &ret, iBlikkr ik lﬁnibbdigleﬁfsrdﬂ(ﬂm €1 12BA ratBer than

_ fornmed adjacent to and from dgpants. origi.nat
- plaggithe riranaéljs@epdﬁ@wgq batiosmsurface o6 the dic, 19!2 (igs Jgﬂgmﬁf‘i’fi‘i 1
fonﬁl?cﬁ?é thkboRBAL suffee cﬁﬂhésdb%ﬁghy%tm Wl@j)}’th@)dréuh aebted(ﬁl 104,

ping concentration at the unction; if
whmb neerprises |aowndgctifﬂegma‘@tlalbdcﬂ\mb¢dj@ ovsf iy h@nl}ee'mft Mﬂiﬁ source

ceiiBa b Ranoneica B gp Sk 8 trelh-Bpp o FARIEITE Mgl or e
desigﬁCE)E&S@dwaestﬂiET hﬁtmpﬁgmmmmal densap asug@;eﬁbeeld itbythe ‘482
coupl in

t he charge esi n guid es di scusse
Avplisaien Wi i elgrtads 108 JialetSh R ABOHTS FRstrode 28 by
instI B! 1REE 108YRRA 5\%‘? the Q&H @t 16y MRdepitakial tHyet N4P! UDrain
regions 23, 23A. The charge coupling guidelines

elecmosle 1184 ésckoapled do thesubstratesk?: via highl %nvtyamaér@ 1ggiprokige (Current
flows 1o rnllt Iﬂn’ br es%'ﬁ%tﬁ%@ 1¥ qlr() fagt fe@lo%s '2@%‘6' tﬁgh m-w Conductive
‘T—‘ﬁ TSy ) just as

Concen i°S 1 NCrease
regﬁﬁucmzaﬁ/hmh&xdﬁdcti dxepjuﬂ'ehtf&oxbrrmﬂhd:@mgrodpﬁ, amethen flows vertically

gt SR SRS <o Qe RS 4Bl s
use@fto 'f’élﬁ 1&@&%%@615@23 MOUER Ty ddNQitls @R Gadmtibmadl icoRtattindplait to
buffer ~would pin the breakdown voltage bel ow the P+

ensmrm@lc dopmg) Fenventpgion Tuss bRlopArdee thesupnst surfasq i b dhg epitaxial
layerclq 55 48 gﬁa%le g%o& gﬁc&%%%hﬁg{%nﬁ) Ilraﬁ Sectrbde 104.

[0078] FIG. 15 illustrates an alternative embodiment of the macro-cell device of
FIG. 15. The device 100A of FIG. 15 includes a P-doped substrate 12A rather than a N-
doped substrate 12. The transistors 10D, 10E or 10F described above are formed over a
buried layer 106, which is a highly-doped N+ layer formed in the epitaxial layer 14A.
-The buried layer 106 carries current from the transistors laterally to implant plug 102,

‘which provides the current to the drain electrode 104. The buried layer 106 provides
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[0076] FIG 14 is a partial cross-sectional view of a
macr o-cell device 100 (sonetines referred to herein
as a "quasi-lateral LDMOS device") conprising a
plurality of parallel coupled LDMOS transistor

"devi ces as described above in connection with FIGS.
11, 12 or 13. Those of ordinary skill in the art wll
understand that simlar macro- cell devices can be
formed using the LDMOS transistors of FIGS. 1-5.

clecyiddall QstatioROPREES ILDMOSNErsRItY GenAticonbstrae 12AeMowing the
macr o- ceII devi ces are described in co- ggndln

integpspinp oyt byl gndspendeph LEMORSEINPISIOrs ) aler %Gevlied over &
con?{&& %-ly s 130, 1R0f gfém'@tle Aevice 168 508 gRT ¥ pote erViﬁbrﬁQem&lt IC

I ncor por at er ence herein. oug
with multgmlmhnden_em uttcwtsd sowmss“m@nﬁs 10eugh nqtmho‘anen E HE}

I t sho LSt t
picol i IRty YA Pl g AR o NAPRE .
opchidgftonhe gats kingingre as 24hght fnmhe@mlwmahDM@Sa Idbvwba\]/ﬁ)E ef FIG.

100. Connections of groups of these cells can be nade
13. by a bus structure (not shown) forned over the

{Oﬂigl\é' ces lﬁasld%g ?dg'ﬁnt S0 Gh TabodinRAR) 1 IRE I‘BV&?b&werquMQ% device

i nc ween about 50-200, and preferabl g
is payaded ha@i@g aiL @wmmei msisgerdpemed1oRr a ke resisnealy-subystates The

dev%pqx?@%? 1%% 0:5‘]’{851“% e(lﬁ%,, dﬁ? ?r | ebn%% t'hg réJls%ve %%ﬁtnbutmn of the
subSthitPafCRWECQT capaéitanchbp ﬂﬁﬁﬁhﬁng ﬂwe&‘ledtﬂahﬁﬁc dnmpillﬂg between the

etq R RO P R TeH BP0 6F Ut BTGP G i bR agbe geduced,
allo%v'ﬁ(l}g &ﬁaﬂ@de@% GeMlef ?ttcl{ PR hAlinghee dattbbskdolvntydRage as

vi dual LDMOS transistors shown'in FIG 14 are
- pricdesrt rdebises. abbvis ion twwanabews der wopleved dsvicq idengty agd current
cap%aﬁcrslbed in connection with FIGS. 11-13 and as shown
?ﬁca 14, the source contact electrode 28 is

[0080F posedn Qﬂlbbﬂlﬁleh@pthe uping peofilt is setecttd\und eneldifin connection is
However, unlike the enmbodi ments of FIGS. 11-

configpied i pRiErze e beekdorlogeiiqy oJhviehentscafist F%Fgéﬁat it

gerfmtB WL BBNIE Gt %gpe nﬁéﬁn%d do&'ﬁ@h Br 8l 8¢ §urRHn Il thel \REiARE 0PB P+
he bottom surface of the substrate 12 (FIGS. 11-13))

contahetootha Prbody daster. o@lbe fegin ofithé bighess ippics emizatien m@e @tm %ﬁ?ﬂad
frmgqéei’l al %tggtggerrtllcb d abg)r s? tlllens %gt?{lg %{;‘ 'la?%} y {(Rv ? aeln plug

ocat e

regidf o 1@ tAdBreakidoivg aﬁa&@tﬂﬂhﬁ‘ﬂﬁl gaweack and tddece 1ﬂie ﬂa@m of triggering
power MOSFET with high current den &%Igs gi%crlbed L n
S8 OF o

the {orpolar Agpsisiap | Lhe TS0V HReaipn R & pveeg a P-buffer
laydrSRl ﬁ{e%nfa& A QR0 U Red PiCluefige (?fj%tl%hé wheflfed kit Hi@impact

ayer 108 forned over the top surface of the epitaxial

- ionizatyar rated sprExdai vertically or horlzontally Optimizing the breakdown location
helps prevent device breakdown as described herein.

[0081] With respect to FIG. 11 as an illustrative example, the Power LDMOS
described herein reflects an innovative method of designing an LDD region 20 which is
‘based on charge balance of the voltage supporting LDD region 20 (FIG. 11) with an
opposite polarity doped region (e.g., P-buffer layer 21 of FIG. 11) and close capacitive
charge control electrode coupling between the source electrode 28 and the drain

extension region 20, i.e., the source electrode 28 will induce electric field in the extension
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el ectrode 104 is coupled to the substrate 12 via high
density inplant region 102. Current flows laterally
t hrough substrate 12 fromi nplant regions 23 and then
into conductive region 102, which collects the
current fromnmulti-cell groups, and then flows
vertically into the drain electrode 104. The i npl ant
region 102 can be formed in the sanme process used to
forminmplant regions 23 though foll owed with an
regiofl d kinodalovedayisaciith dplanic depvin@msair Bolatigh ’ﬁlﬁxpd:dmbination of
concentration el ow and .to the upper, s ace, 1 .
the awp%ﬁ%p%lawaeeﬂaﬂlfw@ §EEIons Mia % ek plepts L ipside the drif
laye®!28C kdr &R/ m&‘ﬂi‘@&nﬁ% tvol%éehra@hé'aﬁde|eﬁ£’c{1fn@di§cr$% ofl QQ Hg mg and
FIG 15 'llustrates an alteérnative embodi ment of
deciepssrinite enpthgwhich gedyres the gize afbthe ppsisensed enflﬁeﬁd%aen FI G

i ncl P-d b
0088, 1L 455, G5 ST Sy g

layesﬁéeﬁis;c]drbeﬁis a’mmea wlied flDthfetregioas {c&amtumnadnlzay emuff6 21 and
ichis a y-dgoped N+ | ayer fornmed in the ]
-sourg eleglyods 28) égfe‘fIOSfbfAcharaer%@la&a? - e GhiF QGRS ¥ B iptebaet doping

and thuﬁlﬁﬂﬂ)nfdf QIpAE idd flférlﬁhﬁté%feimbﬁtr@%@ﬂ by id @lobé]?'e&ﬁkﬂ t0 thtInet
102, which provides the current to the drain

dopisigewtlrdisaburi, of npatiarih &z Prppeite polatifyr dapedsegion paderneath it
e k%ﬁﬁ%ﬁoﬁ?& 31§° ﬁ} ] I} 8&&4“8{:#3'}{@@8 tB %Q%b&gg 'i)gltmtx%a%ith the

e su OW Nng Integrati
Lddnugibe 20,ahe dieitepieriawn thitipvES itdidasiis tagers3 4 is selotthd to impart an

devices) .over commo ubstrate 12A. F
cleci F a8 HATE SN TBPhAY 1HERERo HeEAJERENE HFEakagpE Ut not t
excéBdlthd RltRal QE8RENEANE LIDD RG] wRRNS oulit 4168 & Sowek adHidiure
not shown in FIG 15, the pitch of the LDMOS. device

avalgaghedregdgyenr educed by sel f-aligning the source

100 nact AP ks ks b5, WooH P glifimeo by
numbics efimblatiod) 2 b@\heelecttﬂca eréhbh dml!tr&)etmamamed niprthy M aegion 20
rovi de avin

PMOS devi ce
- resu{ﬁr%.tg? Bquaaqdn‘%ra WR ?tF‘%ﬁNSlné 'tan@ﬁ@ge ﬁ@a ppgraied arca of

the gl@&nc dRY Ql@n@iﬂé' l@h%‘tﬁ of F¥ BDD R§iof 12N CLN Gitional Ménefit is that,
| owering the resistive contribution of the substrate

unlikg @aﬂ@m@g&vyg@gggheamuﬁyofmhmw& Iﬁgert?r{)ecan be used since the

oS5 S LD ERHIL 9 RPLERERAE 1A 0By cnvc
used ®ghaintatathe h%hreéﬂ:ﬂmeﬂeld thbhghmungledrmhﬂayan:l@lf Thevelegs rating
or LS ER B 6B Bt 2 1, Lhe, Sace Lo cakonts upli g6, o

 the LDDH@ 18 2081 ke wiBNAE {r)diBskh] ABViERRFherCABABpink ithRBbe lowered
[O I'n enbodi nents, the doping profile is selected

w1tlaln@re@s|¢é indha jengthorfiex EDByregien.

[0084] In certain embodiments, some misbalance in charge may be intentionally
introduced into the LDMOS transistor device by doping the P-buffer layer 21 beyond the
optimum balance described above. This doping profile is believe to be advantageous
from the perspective of avalanche breakdown handling capability since it serves to
confine most of the avalanche current into the buffer layer 21 while rélieving it from
other layers.- The significance of this attribute is that power devices are designed to have

. robust avalanche handling capability since they are used in circuits which due to fault or
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configured to optimze the breakdown | ocation. The
devi ce can be configured such that it goes into
breakdown at a pre-defined |location of a PN junction
inthe vicinity of a P+ contact to the P-body |ayer.
The regi-on of the highest inpact ionization rate can
spread fromthe P+ contact vertically towards the
substrate or laterally towards the drain plug region
to pin the breakdown away fromthe gate stack and
. start-gpl vegtitidne edpt:]hg ngvi@éskﬁ) raiv@gﬁdl He bgeaktidren. be&bﬁfmmg the currgnt to
ransi st or e breakdown | oc on can pl ace
the B dOgEEHYS B- Be pyrBint wﬂi@g Prtied; 8“%%3@# AU ?6 B S of
cun‘éﬁﬂ"'ﬁ@ﬁ offelsNBwaQRIREnSlekivahsd Br cRREAS] Sf 1’1\511%5@ %d taHS prevents
act ionization rate spreads vertically o
curmtr frm @awing undpr theispiisy anf dheseloaRriguoms paesitie (hﬂi’omellaﬁﬁb"up
ﬁm@&ﬁ ent devi ce breakdown as described herein. [0081]
/Ith respect to FIG 11 as an illustrative exanple,
[0085]6 PowerlthoMOShe diasditiohelish®ed degcgibb®cihStedfs of exemplary
povati ve nethod of desigping an LDD regio whi ch
eml? IMepiss dfs gt Wplsd@ersip. a‘ﬁ% &’etaﬁger\%‘ilf Qwa@idﬁ Gopgrued
broéeﬂptor R6LANoBEr {drafas aﬁ&}:m%&ﬁleﬁc@ of RPIAS:Bn Rt A th)é made by
region (e.g., P-buffer layer 21 of FIG 1
thos@l bde@ﬁmn without dlepartieg &omt the Scapk @nd range of @qwalﬁgs Of the
invaigbyeen the source el ectrode 28 and the drain
exten3|on region 20, i.e., the source el ectrode 28
wi Il induce electric field in the extension -26
region 20 since it overlays it with dielectric serving
as an isolation. The conbination of the opposite
polarity and el ectrode regions nmaintain a high
electric field inside the drift |ayer 20, thereby
i nproving voltage rating and enabling increase of its
dopi ng and decrease in its length, which reduces the
size of the transistor cell and its Rds,on. [0082] The
nost optim zed design for the breakdown voltage and
mnimumdrift |ayer resistance is enabl ed when al
three regions (drain extension 20, P-Buffer 21 and
source el ectrode 28) are closely charge bal anced. This
occurs when the total net doping and distribution of
dopants in the drain extension region 20 is closely
equal to the net doping and distribution of dopants
in the opposite polarity doped region underneath it
(i.e., P-buffer layer 21). For the top source
el ectrode 28 to be charge bal anced with the Ldd
region 20, the dielectric layer thickness of
dielectric layer 34 is selected to inpart an electric
field inside the LDD region 20 | arge enough to inprove
breakdown but not to exceed the critical electric
field in LDD regi on 20, which would cause a | ower
prenmat ure aval anche breakdown.
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[ 0083] When dopi ng and oxi de thickness are optim zed,
such as with guidance by nunerical sinulation, a high
electric field will be maintained in the LDD region 20
resulting in the increased breakdown vol tage, since
the voltage is the integrated area of .the electric
field along the length of the LDD region 20. An
addi ti onal benefit is that, wunlike traditiona
devi ces, higher doping of the LDD | ayer 20 can be used
Wheat iBGRirh&eis: br eakdown voltage is not limted by the LDD
dopi n Thus, the hjgher daqping can be wused to
- mai ‘%ﬂ%?rﬁﬂlf ﬁ‘éﬁﬁ‘?dgrﬁe‘éﬁ e ds-sepnipqndefor L sisieial SEYict FREmnisHe:
| | Bylubdfatc ﬁ%@/@hﬁs@aﬁmﬁé}wm &of t he charge bal anced
l'ayer 20 can be |ncrease)g'3 nply increasing the
| er@smg@ndume layeDferail ryep gaid wnbstme gid havingelower and upper
ditional devices where the doping nust be | owered
h increases in the length of the LDD region. [0084]
| N Cofukwi mgleﬂbﬁdierfﬁﬁtt@ndlﬁmlmiy &b ahdin deain extertsmngreginayof the
be |ntent|ona roduced into the LDMOS transi st
firs{eapdueiiily t &fbﬁl Hée‘l @S%‘F?‘&“CP& T BPXRAIG MG YPRY S ace of
sai PRI EBALNB! RP&GE sASSGieDAd BRARtendibh fettRR bBitlg RpREH IFOm one
is believe to be advantageous fromthe perspectlve of
anofhgsil anche br eakdown handling capability since it

Gyl 1 AT Gy AT LA e

surfac

t he ayer r ving It from
said Bydyr segiobh ﬁammg]afdhmb gegifn bhiveemtstidi foutoe angl dramt extension
pomer deV|ces ned.tQ have robust aval anche
regRah Pﬂagi &Ly are used in circuits

whi é:kmﬂu@mteoga&@ Wrine@loverld phikalidledtAc CARE Fdrined HvEXHO& €hannel
devi ces to aval anche breakdown. By confining the

regiefirrent to the P-buffer | ayer 21 the current will be

OB AU AV BT 2 o B i s

I'owest current resistance
andr legtadlyi spacadf frive asidnchaama regisn sardedmin sontast) pomptlsmg arhighly-

dopp HtHel Saritep Rigiutpring el Soid BRERR g FHERES oxteprions
in ot sticondicest hgs, karfeid @swpilded poioh esMEaid fhightpdppedr Frain

enbodi nents, it is not limted thereto. Rath? , th
congsiyeaigads Hagedison seid rap g sudene seid qemisprditgiay Iaygr; an

i ng éégﬁ:e%ﬁﬁ%t eY&Eﬂc%ﬁ§ SorReiR Rt IRRY iﬁ(&f tolsAf bod region

i nvention that nmay be nade by those [led in
art w thout departing fromthe scope and range of

2. € Uf‘hv (ie\en%te f %Ialm qe ful‘{hrf]:l\'/ gor}ltlpr?srﬁlg a %enc\qhtarmedS in sau%I s%ﬁﬁiconﬁm:tor
layer adjacent said source region and extending into said body region,

wherein said source contact comprises a layer of conductive material deposited in
said trench, wherein said source contact provides an electrical short between the source

region and the body region.
3. The device of claim 2, further comprising an insulating layer formed over and

adjacent ‘to said conductive gate, wherein said transistor device further comprises a

source electrode layer forming said source contact and extending over said conductive
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1. Alaterally diffused netal -oxi de-sem conduct or
transi stor device conprising: a substrate having a
first conductivity type; a sem conductor |ayer forned
over said substrate and having | ower and upper
surfaces; a source region of the first conductivity
types and a drain extension region of the first
conductivity type forned in the sem conductor |ayer
proxi mate the upper surface of said sem conductor
gatd, BYRY insSlatith HQU BRulaigh 4ididdnductied LarRNfroRGHabnSoud&d Blgetrode
spaced fromone another; a body region of a second
lay&gonductivity type forned in said seniconductor |ayer
said body region form ng a channel region between said
source and drai n extension egi ons and extendi ng
4. undire dexicd of slatmed; rvdigraim said m@&d@@tliﬁ)(ﬁé agd seuree clegtode layer

e V, sal.d..¢ .
exiieh® A0 ol SNGEHP SebBYclod TP 0 Lr SRR i
extahsivh Regiort frovaisaid sowge elacti@ledayesl substrate and

| aterally spaced from said channel region, said drain

contact conprising a highly- doped drain contact

5. T eorRNddvtenBid iRt WeRRhsAtSmSiddsd bafiet BiplySRIpdd de@bm of said

extension region in said sem conductor |ayer, erein

secepdy copwssivitp opeifermedfin saif gody el bebyyesridieich ang GAtRing said
bodg?%u%‘to 1d33891%?gm{t£c9m sai d upper surface of said
e

conductor Tayer; and a source contact electrically
connectlng sai d source region to said body region. 2.

6. TR B R oS SO b ERgn o s

secSAUoBudtiodl ?%e&&%eaxﬁ e41d bBgy topicd KRl ¢bnkeid)ol@g rddion and said
wherei n sald source contact conprises a |layer of

- firsidg gllidopereresiaon of paid sesapdeonduetivily tyR&i d trench, wherein
sai d source contact provides an electrical shor t
bet ween the source region and the body region. 3. The

7. devibe deficcbfclain® 1, furtheheompiisipg as implastatiom buffert loygy in said

" d d i.d t
T 0] e G S LB i putr
laye coMmpH$ife d@laastloTede firayendicavity fyge.sai d source cont act

and extendi ng over said conductive 29 gate, said
insul ating layer insulating said conductive gate from

8. SaifheSANCOEIAR | Offhel BRPrising an implantation buffer layer in said
semiconductor layer formed under said drain extension region and between said body
region and said drain contact, said implantation bufter layer comprising dopants of said

second conductivity type.

9. The device of claim 8, wherein said implantation buffer layer is doped with a
dopant profile with respect to said drain extension region to concentrate avalanche

current in said implantation buifer layer under avalanche breakdown condition.
10.  The device of claim 8, wherein said drain extension region and implantation

buffer layer are doped with dopant profiles to provide charge balance between said

implantation buffer layer and said drain extension region.
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4. The device of claim3, wherein said insulating
| ayer and source el ectrode |ayer extend over said
drai n extension region, said insulating |ayer
insulating said drain extension region fromsaid
source el ectrode layer. 5. The device of claim?2 :
further conprising a first highly-doped region of said
second conductivity type fornmed in said body region
bel ow said trench and coupling said body region to
said source contact. 6. The device of claim5, further
conprising a second_highly-dgoped region, of said .

11. secBiedlevist of kaim i yhesppethe draip gxtepsighiegiond gopsdgyigh dopants
et j ; i RSt 3

or BRIRSBARLE QU S KPULBRBRICRIAL L0 b
7. The device of claim1l1, further conprising an

[ antatio uf fer . laver .| [ i C Qr |
12 oPHEHS R st e i Bl ne S RREHE Hgn e
- a déprt golysilit @t plup dispdsed difRiid Snfigprdopantagerof sai d first
conductivity type. 8. The device of claim1, further
conprising an inplantation buffer |ayer in said
13.SEMIORAMG! G clhidy €5, FRERROsa) d85cdSRlIghikioRl lug%d eRsidifce of
regi on and between said body region and said drain
dopeuts ferdormatian @f saip highlyaddpedh disirt ¢amtack g9gion. conpri si ng
dopants of said second conductivity type. 9. The
device of claim@8, wherein said inplantation buffer
14.1 ayBie desicd opddinni 3, hwlareit egid dopgalrplysileoniptug is espsed fibm said
sai d_drajn.extension region.to.concentrate ayal.anche
uPREL FHRRE Of T TIPSR YT, FRerA P41 1Cadr IR &R an sulator
mat@Mall anche breakdown condition. 10. The device of claim
8, wherein said drain extension region and
inplantation buffer |ayer are doped wi th dopant

pr of4il £s: ird raey ; | ivi
.01 ol 5 B R 681 0 B BG4 Rl dhaniy e
- andrseigi sobstrate3ths 2 highTyrdoggte\coneenthitiel. ai m 8, wherei n the

drain extension region is doped with dopants of said
first conductivity type at a concentration of at |east

16.1 XTHEQdeticBtoZ ik iGNB - whedein 5418 t6iHbsE PoRfonfhid Highiwdep&l drain
sai d hi ghly-doped drain contact_region surrounds

a .
confighegiopas spered Gem spidipren Sipeceel sall seaicepnduiprclare byt feast a
pm4é¥%%ﬁx¥$§exé$$b jge of claim12, wherein said doped

pol'ysiTicon plug Fs the source of dopants for
formati on of said highly-doped drain contact region.
cl.aim13

17, ég] ’g}gf;lh eylgg\é.% glgiﬁé f1 ?’sz}eé%% ggg B@Fygﬁqlpgg?@lng ccgn(%gc% gegion comprises

an implant region formed in said semiconductor layer.

18.  The device of claim 1, wherein said drain extension region has a dopant

concentration of between about 5x10 to 1x10"® atoms/cm®,

19. A semiconductor device, comprising:

a substrate having a first conductivity type;
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upper surface of said sem conductor |ayer, wherein

said recess is filled wth an insulator material. 15.

The device of claim1, wherein said first conductivity

type is N conductivity type and said substrate has a

hi ghl y- doped concentration. 16. The device of claim1,

wherein said topnost portion of said highly-doped

drain contact region is spaced from said upper

surface of said sem conductor |ayer by at |east a

pard séhiceiubtodraydd Exies ioansdid Gubsirate] Aaidl banidenduewr dbyer

claim 16, wherein said_highly-do ed draln ont é
compgigingr Bighiyrdoped regien phpssrand rcogeiumii q“ﬁefg afligeent said
substffd; conductor layer. 18. The device of cIa|n11

erein said drain extension region has a dopant
‘corcplntalist pbuas-lasenlvbBMVQS dransigirpofogmed oyl gx@ highly-doped

at Q onductor devi ce, conprising: a
reglglﬂlBFB&I&?GCO%%%HHQ&@? i St conducti vi ty type; -31 a

seni tanduetfost Jediyal ccdrcaqn @5 eaid eemisandiiceun bser disposed a‘» provide

cungit BoRoUB et MG LRNID) Ey B eRt rdtr MaHCRES dggh of sad

secotidRhdkiQity &ppl ural ity of quasi-lateral LDMOS
tran3|stors ormed over said highly-doped region of

saiall least eprl seeond (rertiop] contacsylisposed figs seliech gaids guriept from the
higliﬂ‘g—rdgée%ﬂje 500k 854 sécgnc? @dn(AuaﬁWy ducgor layer disposed

current fromt asl -l ateral LDMOS
t r a;nsncst mds draint blecthidghl @s;dxsgxb dveegiagh sefmi®aiwttors dayen dand

uct i east one second verti cal
cleciig ﬁ&?u%?‘é%dg%ﬁﬁ?hdgﬁdﬁn@ét? %said current fromthe
hi gitleYeifl 908 HedoB @y @ficATcoéttos d@e@m JTeHid 46lircy bi Jrainyideirodes
and source and drain el ectrodes, di sposed over said

to said fighbyrdenred sesipmglsaidseaondLoadugtivity £YP§- coupl ed to sai d
" LDMOS transistors, wherein said second vertica

contact couples one of said source or drain el ectrodes
20.t 0 Bwmi szbrrhcncgakihg/caiddp\ade ofglaim ¥, verein sedeastl one of said fist and

e FRIRE Eob SRR AP BT OB s Ry
typSRefedinkgid demddon8@diéAey«s. conpri ses a highl y doped
regi on of said second conductivity

21. A method of forming a laterally diffused metal-oxide-semiconductor transistor
device, comprising the steps of:

providing a substrate having a first conductivity type;

forming a semiconductor layer over said substrate, said semiconductor layer
having lower and upper surfaces;

forming a source region of the first conductivity type and a drain extension region
of the first conductivity type in the semiconductor layer proximate the upper surface, said
source and drain extension regions being spaced from one another;

forming a body region of said second conductivity type in said semiconductor
- layer, said body region forming a channel region between said source and drain extension

regions and extending under said source region;

-32.




type fornmed in said sem conductor layer. 21. A nethod

of formng a laterally diffused

nmet al - oxi de- senmi conductor transistor device,

conprising the steps of: providing a substrate having

a first conductivity type; formng a sem conduct or

| ayer over said substrate, said sem conductor |ayer

havi ng | ower and upper surfaces; form ng a source

region of the first conductivity type and a drain

extfemsh®a doadictine gak dvbea fghtesticlemne luyet ftirmgd by@esaidichannel

the sem conductor |ayer proximte the upper surface,
TC88%i d source and drain extension regions being spaced

1 G8nARE 2 ABAE RbntaliQUNIARANG cBALiK d&ewl@ @o@f:e faidh ©easbdy

conductivity type in said sem conductor |ayer, said
reglb@,dgﬁdreglon form ng a channel region between sald

Jofitnd R drih B L EOEL cor BRI KRR Rfon (0 said

. subgaateeamlvbreraﬂlyg@aeadoﬁr@h eaitl rchantdeh yegionf eaidekhimvmta@ &bghprising a

ion; formn source,c ct | ectrical
i g et Iy <oupd e Lumpe Br et e SRt AR apT s L glalf Stention
regioh Owh&@ER] anﬂ)p?no@f porfios @n tsaatmgﬂyaablsddc@amycdﬁmaﬂ eRidNg spaced
sai d drai n extension region to said substrate and

from gaid papar jursgesod gpid ﬁW%@“ﬁt"é Kafhel region, said drain
contact conprising a highly-doped drain contact
region formed between said substrate and said drain

22. extBrsnaimd ofelfin!, wherieisaidalraio pm;t@tt fomning snp ofmpristest

d d
B e L
- netd@ﬂsﬁga@bﬁedpo%ﬂwoheﬂ edidirghgardr ai n contact form ng
‘step conprlses mng a trencg in

serPrRasHuRE sy ?Wlbé&}cae énflifge doRpnts fi%f‘*l@i?lérﬁ’gpiﬂqpolysﬂwon
into /s | RBricon@hRRATY &e@ﬁ%ﬁn@%ﬁdﬁhﬁﬂ& Q8¥édﬁr§1ﬁ|cgn&€t@9éibn.

processi ng said doped pol ysilicon fuse
dopants from said doped polysilicon into said

25 SO ROBOFLE chB(PS b5 S I8 PR b

first\oad@itivits &jpd. pol ysilicon is doped with dopants of said
first conductivity type. 24. The nethod of claim 22,
wherein a top surface of said polysilicon |ayer is

24.  The method of claim 22, wherein a top surface of said polysilicon layer is
~ recessed below said upper surface, said method further comprising the step of depositing

an insulating layer on said polysilicon layer to fill said recess.

25.  The method of claim 22, wherein said processing step comprises one or more

annealing steps.
26.  The method of claim 21, wherein said highly-doped drain contact region is

formed by at least two implantations of dopants of said first conductivity type into said

semiconductor layer.
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recessed bel ow said upper surface, said nethod further
conprising the step of depositing an insulating |ayer
on said polysilicon layer to fill said recess. 25. The
nmet hod of claim 22, wherein said processing step
conprises one or nore annealing steps. 26. The nethod
of claim 21, wherein said highly-doped drain contact
region is forned by at |east two inplantations of
dopants of said first conductivity type into said
27. seniheansdhiat efcldidyXL wherdih sdifl sonfve cortatiddrnaihg elepicomBdsing the
rein said source contact formng step conprising
“q¥H§ steps of. formng an insulating |ayer over said
UP I8fmifi laf 36 g 3Refl 0 S&NHafORHeE krFack Y Qhid skt Nor layer
sai d conductive gate; etching said insulating |ayer
and@gﬁq@y&pqmﬁmuvegapd mask exposing portions of said
in e [ .
 soutie B LRUEPYGE Vil Had PBR] nRuPBiohAR Mliclof sid
insudaingUayeir Wergad@at lsai @l pextioh |oﬁ galé B@pc@vegmmang abkasd au:ppzmn of

seudl5 o fglgq%%e g@'ﬁf albtﬂ%}%&?% ?t%? %&%%i%rg ajng d%)ﬁ?rr; sgfgo ggglp ézgmlconguctor

laydr€9i on and said body region; and filling said trench
mnth a conductive material, whereby said source regian

is fO@m@amea%h mysaidgigprendygorlaye aﬂ@a‘gm g isepyce reglonand said

bod gﬁgp claim 27, wherein said insulating formng
© g? donprises the step of forming said insulating

| a)fflhng caifl dvench with e kovedective ematemald wherey csridy sovgrest eegion is
than.its thickness over at | east a

sl
cloclpBlly sRunif € 3piH ol RSN ogi on. - 34

28.  The method of claim 27, wherein said insulating forming step comprises the step
of forming said insulating layer to have a thickness over said conductive gate that is

greater than its thickness over at least a portion of said source region.
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