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constrained to the space between the gate and the
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BRIEF DESCRIPTION OF THE DRAWINGS
[0007] The accompanying drawings illustrate preferred embodiments of the
invention, as well as other information pertinént to the disclosure, in which:
FIG. 1 is an illustration of a LDMOS transistor according to the present invention;
FIG. 2 is an illustration of an embodiment of a LDMOS transistor of the present

invention having improved field plate effect;




FIG '3 is an illustration of an enbodi rent of a LDMOS
transistor of the present invention having a buffer
| ayer. for suppressing short channel effects; FIG 4 is
a an illustration of an enbodi nent of a LDMOS
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[Oﬂtlrl}]e SUbsépre%}ﬁecally, FIG. 1 illustrates 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
phosphorous, for example. Highly doped (N+) substrates have lower resistances than P+
substrates, although in alternative embodiments, the substrate 12 may be P+ doped. A
drain electrode (not shown) is coupled to the bottom surface of substrate 12 when the
transistor structure 10 is packaged. In an exemplary embodiment, substrate 12 has a
thickness of less than or equal to about 3 mils (76.2 um), thereby providing a very low

resistance contact to the drain electrode and minimizing the contribution of the substrate




3 to the on-resistance of the transistor. The

substrate can be grinded and etched, or otherw se
formed, to this desired thickness. Such processes
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[0014] Region 20 is formed completely within epitaxial layer 14 and forms an

enhanced drain drift region. The enhanced drain drift region 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. The enhanced drain drift region 20 increases the drain-to-source
breakdown voltage of the LDMOS structure 10. Drain drift region 20 has a lateral




il lustrated enbodi nent. The enhanced drain drift
region 20 increases the drain-to-source breakdown
vol tage of the LDMOS structure 10. Drain drift region
20 has a lateral 4 dinension between about 0.5 to 1.5
gm and a depth of between about 0.2 to 0.4 gm The
region 20 preferably extends below (i.e., is
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turn, defines the path for the current gencrated during the avalanche condition, i.e., when
the electric field at the body-to-drain PN-junction is so high that it leads to a generation
of minority carriers by impact ionization.

[0017] A deep trench region 25 (shown filled with a plug 24) is formed adjacent
enhanced drain drift regiqn 20 and spaced from the conductive gate. The trench 25 is




the electric field at the body-to-drain PN-junction is
so high that it leads to a generation of mnority
carriers by inpact ionization. [0017] A deep trench
region 25 (shown filled with a plug 24) is forned

adj acent enhanced drain drift region 20 and spaced
fromthe conductive gate The trench 25 is -5 forned
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which preferably comprises conductive material selected from the group consisting of Al,
Ti/Al, TV/TiN/Al or W blanket deposited over the device such as by CVD (chemical
vapor deposition) or sputtering, The source contact layer 28 is deposited to fill shalldw
trench 19 to provide a contact between a source electrode (not shown) and the source
implant 18 as well as provide a short between the source and body regions 18, 16.

Source layer 28 extends over insulation layer 34, over the conductive gate and over the




whi ch preferably conprises conductive materi al

sel ected fromthe group consisting of A, Ti/A,
Ti/TiNNA or Whlanket deposited over the device such
as by CVD (chem cal vapor deposition) or sputtering.
The source contact |ayer 28 is deposited to fill
shallow trench 19-to provide a contact between a
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thedryicedythershy gratly apaovednce  bet ween the gate and
in ( There . . I
100738, g Bftther! 181 Fuih Soul0e RERRLEW FBBEARS e pec ofan N+
subdirates hifed thogatia the drhevi orecomize] hechmanelf deticasadisigney for RF

f .the devi.ce,is thereb r.eat i mproved.. [ 0022
s Bhsplifi e N, R ol SUSRatel hetRE R fHpoRatt to have the
so@Bd EIGHERIE ab ¥rdufl@ pU&AtiAfat 8B bittomIfA! digt Althdsell MEE@ntINevices

the art will recognize, n-channel devices designed for

magibe pagfgired B ithaislomerchappel gedistynce spmpared o P-chaansh devigessthe p-

It df. 1 . . r le
o SRt of e RBEHH BVl BBl Spoi SR Baf L LBAS, ofen
2 to 3dhmeyridphade dihe gesentedevize 101 Béesves, provitded drenchdmwukdevice on a
I chanpel rggi S a@ge conpared to p-channel devices, the
ovbfes’égﬁ‘é%n' B UPEUCof the prior art provide nuch
ogysgher r@si &R fid @Bw desdrfbed. Certai
[ tia?;es hi ghe%@%giﬁesen?f evil cgrea%f%ée Ilg\}\%ever, Bro&i des "
detaits whishawmitlebe teadily @pparent toltheseringhs trtrare elimdstasidso as to avoid
trate, 023].. An enpl ary nmeth of, form
ob%ﬁl\q”ﬁ% gl%]}_ia'eﬁ 9 H]g\%’]ltéoéls C§1ﬁ15§%e q&? Jg)lvhc%a with a prc—d&gled N+ dopant
concentration. Epitaxial layer 14 having dopant concentration of N-or P- is next formed

over the upper surface of the substrate 12. A first trench is etched through the epitaxial

layer after depositing and patterning of a thin oxide layer used as a dedicated drain
contact mask. The side walls of the trench are N+ doped with a 7 degree implant of a
suitable dopant, preferably Phosphorous or Arsenic, to form the drain contact regions.

The first trench is filled with a material to form the drain plug. In one embodiment, the




details which will be readily apparent to those in the
art are elimnated so as to avoid obscuring the
present invention. Substrate 12 is provided with a
pre-defined N+ dopant concentration. Epitaxial |ayer
14 havi ng dopant concentration of N-or P- is next
formed over the upper surface._of the substrate 12. A

e 30 o AR sutcbbr MRy o R Sopa T g v
- sliplaBobeksw mectaﬁh@@émie &kl lag@ihdthe GB&KmaskiS redtaded.

wal I's of the trench are N+ doped with a 7 degree

100381 ant  éfften forming tisideainl oprinat ang phicategiohs inFthe spitesiad layer 14,

o i T RS i B B 58 BB J6. vt

laydr af polptiligon i mlemsﬁeda b etciein, fo;tdna po]?ysﬂrcem gixei Silfcidd leger 32

. th N+ doped, pol 0 Next , licon is

s fieh e e 1P el kpot “aliia Rrdepssti A eife Iy P dleSed over

the 3@1 cbRNbpdr AR Slch@ dhdrbRitith IR Bk tfcled Wﬁ‘ﬂwon/sﬂlmde
Af t er formﬁoggt he drain contact and

4
S”P‘E?@ﬁecﬁ}ﬁ‘gwpﬁﬂtﬁi@ épifollrwiig thefeymatign of élltcmeriagfatﬁ 8xtiody or N-
enlllefi’l}féf dhif rfegiroH? greoK?gfute& ti)g MRREL Iﬁﬂagaﬁﬁ%n %pe%tli% dopants and

ayer po ys S

epi t axi al
thedmplodiffusidn ateds eThhside sycérs mdjacerp e:heye:jﬂdhctm& @t @n be separately

fSlllcidelaé?ilgéz sthenforrtred u3|n the wel | @/1

°I§‘§f1|“8‘in8é“?5‘|° Side vyl spacqriproceshd PESPERATY-s ?}’eeb‘a@l’ e‘i‘P %’9 ¢ layer

cat Be dpsusited bh& @f&hédibﬁdk @ﬁl@l aﬁtaﬁﬁaﬂoﬁlb RERWE ol étcﬁ RIB)! TEe N+
stacked polysilicon/silicide structure shown in FIG

soufce peglgthig fogmed &Y fimplatation obfArsenic upins 4 pafisrned photoresist as a
makk body or N- enhanced drift regions are formed by

masked i npl antati on of respective dopants and thernal
[008 f usi oNexlt, eshallow vench de 1sqmemdeerﬂ;tia¢t&mﬂ tohthe desired depth,

RS b GloReesPR2Becth bk e sE Bl over
up%)f M@ 1 PIPXdfctRYRle toCR8 defrddaRREhdssd Pﬂﬁ!ﬂ e ﬁ{éﬁﬂi Iayer is
ack with an anisotropic reactive ion etch (R E).

depgsiteds gyar dhe ewtiie structyres torfomn Sbl}rcr: iwphtack 28. | She glrlgmals@hstcate is
theg %1’11 c?to%atiegl %d’]%gckggs%tag %'a Si ({ﬁ%ﬁéﬁlgﬂ%@%og\{%{i% from

ow trenc 'S pa erne
the(dhmn ekedtrodeptThe defink hmdpekm\kaéemlrmﬁttem of i npl ant

region 26. An.oxide |ayer 34 is_deposited over
wo@%ﬁer suFiGhce ilfustraicy acsrenst embedigient 104 qfiibe d@g’m‘fs@ LDMOS

devﬁé?:' CHREESvicd | ARk ﬁﬂent?cal‘ﬁ# Al rdspUGS d the &@EQ%%@‘#I@VW and like

the entire structure orm source contact 28.
feargsgara dilerdifisd thyalike referendeemunitxirs nexdeptafon nmdﬁiedemsulatlon layer

344, A8 SRR Req Bty ARG TveE PR, Yt bR s hBihigof] st sgucg metal
layérf 282 pogkaiged caldint @shech af RG2BEpdsitéd overithddiSdd Ris@stieh layer

second enbodi mrent 10A of the inproved LDMOS
34A. In the regions proximate to the drain implant region 20 and drain plug 24, modified

insulation layer 34A has two thicknesses. More specifically, modified insulation layer

34A has a thicker region designated generally at 35 formed over drain plug 24 and parts
of drain region 20 and a thinner portion 37 formed over drain region 20 and between the
thicker portion 35 and the gate. In one embodiment, the length of the thin oxide region
37 amounts to about % to % of the distance between the gate 30 and the drain plug 24. In




device. The device 10A is identical in all respects to
the device 10 of FIG 1, and like features are
identified by like reference nunbers, except for

nodi fied insulation | ayer 34A and nodified source
metal |ayer 28A. It should be understood that source
netal .-.layer 28A is nodified only in so nuch as it is

e SERBR SpBnst the, kel Rinneh parfibR a8 difowtsh st 0.05-
0.hpah Bnd thegthknessudithd aficket Potical 3DR bedvedn sbfie D2S0.5)@. The

t hi cknesses. More specifically, nodified insulation

imprayerl malgiondayes 44 exebe fernesh fiest divorishing agibirker| qrjde layer
depbsitde ArgF %dfg?fggt{i%ﬂj bR HE &Jaﬂg})%l% %ggPp afhS ﬂlil‘?foxﬂfgafegion 37 is

region 20 an I nner port ormed over drain
depesifed aft@@aterfdraionsad its idckrteks sladds fodhd fieal tigskmeciofithe region
34%61}11% %nn one odi nent, the length of the thin oxide

réglg'ﬁl g’ff’rté% nts to about 1/2 to 3/ of the distance

[00ZTveen T eheOahiRddRerd g HIGE 20h6d dhlPldbés éhé sohrde nibtalNayer 28A

exenpl ary enbodi nent, the thickness of thinner portion

proyids g copdpchde theasswine apddmdy gegisrs andp shieldthefvegendhe g¢fe and the
_ . \ . . t c '
drelfntﬂ goﬁtgét,gif ?fovﬁ’ %b%t%ﬁ%ﬁn%%&%%&%?@#ﬂ CRIQte chl:t ni*he-l;ﬂﬁl oxide

I mprove nsul at 1 on ne rst by
regoi AV mgpkas the Gdld platoxffee veay effectilemb she gate @btner by hpashing the

f-or ion of the.drain pl.ug,regi on. ,The thin, oxi .
aeGhTEl STy ol s BRlipR bRt e hif eloh1 €t fip grain 20.
If thb itleils PRkl vizc_&e ﬂﬁ@i&eﬂd@aﬁef&l ftb RaVert M &Kﬁk&éﬁiﬁﬁ%bh_@maﬁéﬂitﬁl@drain

34A, including portion 35, [00271 In the enbodi nent of

 Plug 4, aphughslectv feld peak pruidsbr fasaterhut e Ny drayg gontact comer.
MdRi Ve %ﬁﬁe @lﬁa&e‘?ﬁtﬁt Rikhe tl?é;éitéﬁ‘gc k HRAMEN HRAPRS. i #dd the

shiel d between the gate an aln contact, i
dragx onitad gegion 2BetTherdopptyi amidztht ilenptlobf theadrbinakgiopluatiemeath the

ffect. The .thip,oxid reqi 37. es the fjeld. .
il IFE e pasity af i bty B fhe S Rnasd P pe pifimized for o
giviet Hredkdotviievol e taibton Asome lex@anple, iieOmRsidie ofPhhik ér0Bf the
bet ween the body region 16 and the drain 20. |[If the
trapsistor Ribgas {Rdloastter atargehbrepkdayymyelipge of #er al | of

the_drai p, ' d%@: in g 24, a high

el ectric ft%lg?fgqgea @ggld}d&glggpgca%%ghgt the NF\N+ drain
cont act kogthrof thelhini axidetegionXi de 08hingker at 35
relieves . electri,c field bet n_ the source netal
and” tho SHPEIS SaE e O GEfeEorB06 T 1Bpi ng and ¢ he

- I'engt h ofhidkhess@F @ielthick @kide reglee d2ea0.B phhiend f i el d
plate, the position of the oxide step and fhe oxide

t hi tknesthedqpe ard Bistonenzy e the LDD iplont Sx3PEar JaRA~ atoms/cm”

and'8) 1338 L9 get . As an exanple, the design of this
portion of the transistor can be as follows for a

[0028f get bFEAKY divstruel taagheo hilteMive einbbdimegnl€B taf ediDMOS
device 6t HhS AT of PG, 2. 1% dBvice 10B of FIG. 3 is identical to the devices 10,
10A except in the following respects: the depth of body implant region 16B is reduced
and first buffer region 38 is provided between body region 16B and substrate 12. In an
| exemplary embodiment, first buffer region 38 comprises a layer of silicon doped with p-
dopants at a concentration equal to or greater than the dopant concentration of the body

region 16B. The buffer layer 38 abuts the sidewalls of vertical drain contact 22, and is




- length of the thin oxide region 0.5 - 0.8 n -

t hi ckness of the thin oxide region 0.06 - 0.1 m -

t hi ckness of the thick oxide region 0.2 - 0.3 m and -
the dose and the energy of the LDD inplant 5x1012 to
7x1012 atons/cn2 and 80 to 150 keV. [0028] FIG 3
illustrates another al ternat i ve enbodi nent 1013 of the .

BT 5 B b, T s o
bufE Rptr 38’115tfbﬁnécpﬂ)3" @&Uprlﬂ‘lpﬂeﬁﬁdﬁ%ﬁto? Bdr&ieinie E{erbfpﬂﬁxﬁpﬁyer 14. In
er

i mpl ant ion 16B is reduced and f| rst bu ion
th%@mb@dﬁea% {198 ey G Jdhip fesgi sRplagtionds wﬁgm@af gfter the

paﬂte?rm g"bf ke th! S5 YR P REma dn cg{th@ F{jlcg €Thk %gff&nlayer 38

nprises a |ayer 'of silicon
Selams @ suppressithe weil docuenpngdd sthortohargleba’feets uyrimipmg]@ eimpamluat the

rat on e 6B. The buffer
%@‘gnrl% ¥ f‘ﬁ’@ﬁgcfod%ﬁét?@ %}’1 ’}tl cal drain contact
[0629] and hﬁthe%nfhb&fn%n@@f ¥IG.9, iRk sk dBwh Nb@BE $Sstedepestent in
about 0.3 to 0.6 m In one enbodi ment, the buffer

Payt re icsénql%le#swﬁrémt%w dayp 14rend smatheodoping Rencsatratignoof the
t dj
sul%:élﬁgte ’. ?ﬁllﬂ?h é!) Weeémﬂzf&untzﬂ{ 106 ﬁ@q or uf gf %{ﬂf §§¥9hreplaced

_ eep | antation is
Wlﬁ!dhﬁmpmj}-bgffcxflaydréSOwamilGeom(ﬂb.lfﬂaMayeb éO hreng depant concentration

. e il e Binhontin ongrecBhamopraAot opion i

adhﬁakatgbditgl}t (bceRd Wit ort diaind e Poe Pln%ﬁb@ betwRgh GufP eFyeR BBC and
reach too far into the channel. [0029] In the

butfe)gyst idn makmepthesbreakdewa lasation lesgahy Iidspandent ofsthe thigkmess of

- thed %ﬂi@.&% Mayd an®@ahé Rpahe ColddhEAHAS 8¢ Clﬁe esﬂbétgdﬁetjsb ! aMfer deep

14" and on"the dopi ng concentration of the trat
implantatfon mﬁ Ndopants @eefembbd?hmphordlﬁﬁltmfonﬁlﬂﬁ sed¢ond beffer layer 40 is

38 i epl ace hi,nne -huyffer. .
perditbleay @Ak inthel ok S BroPeS ol bt 40 Rl ioh o dhe Gitaxial aer
l14concentration N In this double deep inplant buffer
construction, the breakdown |l ocation is

[003%) ant agBiiS Ylustensest thel edge terminptinmat theperiphrral aellst ofghe device
or PRLAEEIUAL 10 oL L8 s B

deslgn pérmave)becauktenenmseaxheaP-N ammtloﬂnd 4 enttopaniring the target
centration, of . the strate 12. The dee
breg o Yolaes L be ﬂkaH@ﬁiﬁ?&@ HP’@P%?%’ES"I%PHF%‘FHQEW&% stiyegrea of

efueaﬁmtbﬂ RERQTSY PRFIErs. | TRURK IR iklersRRU R4t TR dielR8n have a
inning of the process flow, after the deposition of
plu:fql]lgy @§ i ientical t{aagagtpr cgls as described above fabricated in parallel and

operating as a single transistor in, for example, a power switch. The source metal 28A

extends beyond the P-well 16 and acts as a field plate (which affects the breakdown

o voltage in this region of the device), as described above in connection with FIG, 2. The

msulation layer underncath the field plate portion of layer 28A (again illustrated by
reference number 35) has a thickness between about 0.2-0.5 pm like thicker oxide portion
35 of insulation layer 34A shown in FIGS. 2-4. The drain plug 24 is formed at, or

_ proximate to, the edge of the singulated die having the transistor formed therein, i.e., the

die is singulated from adjacent dies on a wafer at or proximate to the drain plug 24. The

10




[0030] FIG 5 illustrates the edge term nation at the
peripheral cells of the device of FIG 2, so no gate
is shown. The structure of the edge termnation is

i mportant froma design perspective because it closes
the P-Njunction in a manner assuring the target

br eakdown voltage. The illustr.ated edge term nation

oo BRat)reRichetnd 1 A e Shofnmons cerb 0T gt g Sdae o

thesslﬂgﬂﬂecﬂ i, CRHs R¥@atad sthlctiralid thy nefurdl @Gﬁﬁet;ﬁéﬂce of the formation
transi stor _cells as descri bed above fabricated in

Ofﬂ}erHPF‘ETe AX4G. dperating as a single transistor in, for

1 m§gﬁget Eﬁg{@fﬁh&%ﬁ% Eﬁsﬁ%gégﬁ?@ﬁgﬁ %ﬁat eeﬁ ‘iéyer is

@t/ eﬂterléateﬁol\ﬂns formidddgeovenlapping deqgbwfifer 3B a:ddé:)ody 16

il Ean? G Gr R Ao BT PGP (PR feaiscl-> ek This
edgwtehmaan&lfcah@uﬁsoraﬁéal{da@aIveltagek; usheahesspy. reference

nunber 35) has a thickness between about 0.2-0.5 m

[0032e t hi bken an’éﬂrpcﬂppllmons@eofmpmwd avwen LDMES duyice is
LtRRAR i arﬁtl%awtﬂﬁe ed ge o? ﬁ?g Sl? "%%H%%P%@‘e i & av?lt}ldgp kaged

proxi ma
fomtse ad & pevsdrdtansisioo m;rﬁcnL eklaple] aDC/DE vpltagm‘egtdater i's

[0@[333 |u Ing: gldq% r6? ]Té aglgc?c%pag éﬁ%ﬁ&gﬁgg\%&éﬂ)@aég numeric simulation
of E%O‘V B&5deOT) bEBIONS QRASahdtlve A& Of Plung? aﬁléﬁﬁ%@'é'lﬂ&lmum

he transistor fromthe edge of the singulated die.
breﬂﬁtﬁcam valiage pB2@Ed and 2 meximum aAklowddesonteetio-ghtecotagapfdide with a

gat?fﬂuglgﬁss &r §6?)‘A oﬁI o dlhr?\g'ﬁ d%z}u{l #é]lr It ce?ﬁgl]; oucr%gn c?% the{ (Qrgl%rxloltage at

erred
Vb h@la&}m 2axr.a) 3. I()azy Orand 3.0 volts0 The dlao M3/ R, mtsbﬁrdﬁowebgmn (Vds
kﬁﬁks formed by overl ppln deep buffer 38 and body 16
> [Vihshawe e U3RESthis f¥eﬁ Igedieen the P-wel | and

[Oﬂﬁ dr ai ﬁ[(pl’}”ghév?s 3he reglgfanér bfsﬁergg'ﬁ ﬁg%‘:‘a@{l @Qre At 1 mm?

support eakdown vol tages 032] In
caleylated asrp fancyion o Ithecgatd woltage tﬁer tim’drm edtagewd0. NDMISan be seen

- thaf eSSl BTl Vi baB R A Te e DDl B Fpteas the

resis@BcASE simPaVRNides kb 8 & hipher thar20axarh@, a DT DC
vol t age [0033] FIGS. 6-10 show el ectri cal

(00381 2t oFICS SibemoBe By as dRRGios; of hesgateRoliage for a drain
vol%gé/ ofig czi!nobéj geeﬁltﬁt tée ésﬂﬂlgrlroﬂgé/ Q'g%ﬁ%lﬂgbé lgﬁgat a low

or a’ maxi num rea
valumkelnwm V] ohvixth is cidvarageouy firgponat tapgﬁ:aabnsl 21 comttakt, aodern

knesof 00 Fl 6 shows alnc
podit NIRSFEGH Wi et cani loestheaily reaylulh mach trighsr Birestold
voltag®of Rofd théh @2&‘1@ ke th%‘ala{rlﬁe e 6t ShoRlchhndi] EME¢E 1N
saturation region (
[0036] FIG. 9 shows the capac1tances Ciss, Coss and Crss as a function of the
drain voltage, where Ciss is the input capacitance (Cgs + Cgd), Coss is the output
capacitance (Cds + Cdg) and Crss is the feedback capacitance (Cdg). Cdg is very close
to Cgd, depending on to what terminals the source signals are applied and at what
terminals the response signals are measured. Generally speaking, the proposed device has

smaller capacitances than the commercially available products. Particularly, the feedback

11




> 1V) shows the transistor is free of short channel

effects. [0034] FIG 7 shows the resistance of a

device with an active area of 1 nmR2 «calculated as a

function of the gate voltage for the drain voltage of

0.1V. It can be seen that the resistance predicted

for -Mgs equal to 4.SV is about 13 mQ*mmR, whereas the

resistance of si.mlar deyvjces.i.n the art is_hi I .
cop iR R s e S ioCERy' B mbtlof b o fResPh FES g it
exBSngpdwErVIOSPETS. t he gate voltage for a drain voltage

of 5V. It can be seen that the threshold voltage of
[003 t r andingllys FiGs 1Rshowns saic chatge v@vae ltsan & saengipm the curve

G FUEDLE7 470! BT QR R, iy 200

contrast,
Thienist ha wsnal low r eBarg¢  provadingic lanhi aghepted hfigedeol of merit  of

RV AR5 YR mfiabop et T Wi First Hudan resu

in ¢glpadiiflan giem J0 189#nC€oss and Crss as a function of the
drain voltage, where Ciss is the input capacitance

[0038)s + Cdg)set togbabpes, animprayes powes AENIOB slerise (sggvided having
' e . Cit > o -

o B g GRS AMERA ) e

low loe-revsiarce (Bygrdhsloseang il resistivenubnaributionof teeubstradd and low

the response signals are asur ed. ner al | eaki n .
Cep@piBRce b e Gs S SRARHT Couphe il BB R iy drein
elee@5AMm! Chndbhbodidhts Atk Solfc@ Wdhtast eXidhdd Svtirafateyand Bfin regions,

feedback 11 capacitance Crss (approximately equal to
therehy)progdinga high cypencapabilit: of 5 than sinil ar

j1Sti ng F . [ 0037 [ F .
1063917 < "e ARMEES, O i iion i beqd, WRiqrbed i orkl, S Wemplary
embhditmentsait iangalimitabihtetge Rithé&)/theapphsicadetadine shdwd be construed
char gi.n he gate, wth only. 2. 2nC . This is a ver
brgadly S 5@6 OIPERYasiaRts 236 e@%@fﬁe@ﬁ G g oo gt TpaSge mide by
thd36 SkiME® mlth¥)ar QR tsut A arlhe BAmhe sBépe Magh@RSoflddfivalents of the
. simlar devices in the ar% result “in values higher
mvepaen. 50 nO"nC. [0038] As set forth above, an inproved
power LDMOS device is provided having an n-channel

transi stor formed over a | ow resistance N-substrate.

The device exhibits |ow on-resistance (Ras. Q) by

| owering the resistive contribution of the substrate

and | ow Cgd capacitance by mnimzing the

el ectrostatic coupling between the gate and drain

el ectrodes. In enbodi nents, the source contact extends

over gate and drain regions, thereby providing a high

current capability. '
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[0039] Although the invention has been described in
terns of exenplary enbodinents, it is not limted
thereto. Rather, the appended clains should be
construed broadly to include other variants and
enbodi nents of the invention that nay be nmade by
those skilled in the art w thout departing fromthe
Yaggeclamedisinge of equival ents of the invention. 12
What 4 ﬁlte?eh ‘?ﬂe@ Gdeé Serﬂ'lcoﬁiul:i%l; ﬁﬁrﬂlstor device com l‘lSng
met al - oxi de- sem conductor transistor devi
conpraisubstigte havieg b Siryt aeraslueiivity igpeaand hpgng tb&hﬂlu@ppcﬂ qpjtaxial
15% e%QhQﬂ}{%ﬁ‘rgtgﬁ)eHu%Eé y doped epitaxial |ayer

ereon havi upper ‘surface; source and drain
1 egi sogcoind dreinfrﬁglsns of dledlist ctmldtu;tlvtty epeffommedn ithe dpitexial
lg%a Cgegguglrl]tg ﬂllCFr %pper ?urp %:(é %%gsgﬁrﬁg ahd® grgign dlse]lélrogsa gelh% Egacgd from
aua cinlother andl hheug mgclanmdi angleh df eglsmntﬂ)fcomiuse'aqnwpe formed

ductivit
RSt g Pl P R B PERER SRS midiaquree
rsgbmt source region; a conductive gate formed over a
ate di e(%ectrl ai d _channel

R LAY E R RISl B

16 €6h SMiSparteall§ oRbdhpBRR kA8 kokbemididefiRldglons:onnect i ng sai d
drain region to sajd substrate and . spaced fromsaid

chandeiraip sgrtast elsshispissongectne spiddraip regiomtorsgidwhstiaicommd

sphtRd WoREJai SdhEARERgRh c8ApGsigPI taxi al layer to said
substrate and having a side wall along said epitaxial

| ayer; a ﬁ|ﬁ@9(ﬁ|tvnfdbfggge¢ @‘gqndhe BPDe& SRrERCE jof said epitaxial layer to
saRRAbE e\l )ﬁa\ylﬁ[é@mﬁ@%ﬂ? Hofd OWepalidi 1apirde wal | of the

first trench; drain p g |n sald first trench
adj acent 8 algalymogm speigo 9k said Eigit opndugti Gy recforsonst deng said

SleQGhT f%fju.xtt&% ggjed to said source region and

provi ding an éctrical short between the source

regi on andg dtatreplc&mrsadlflrstexgndnadj aemt said hightyudoped regidnayer

Loy SApREL ISR Rl TB GG S S B EPh s o
ebronjpul thes berweerc thadodreeagibn bof tie dhanaeljregientandai d sour ce

. ?2& %E ?url]sn ?atmg elgye? r}gnne%dbe%)%e%n (ij:{lg %onti1 tctcl)ves %étg acr:) asrelun Isourccs
contact,

wherein the transistor device further comprises a second trench formed
adjacent said source and channel regions and extending into said channel region,
wherein said second trench is formed partially through said epitaxial layer such that a
bottom surface thereof is spaced from an upper surface of said substrate,

wherein said insulating layer extends along sidewalls of said conductive gate,
over said conductive gate and over said drain region, and

wherein said source contact comprises a layer of conductive material

deposited in said second trench and over said insulating layer.
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wherein said second trench is forned partially through
said epitaxial layer such that a bottom surface
thereof is spaced froman upper surface of said
substrate, wherein said insulating |ayer extends al ong
sidewal I s of said conductive gate, over said
conductive gate and over said drain region, and
Zaher dibg dexicel of gtie 1c vhieigit said Apiel & copdychye magdrial has a
i ' it ' [ ench
SRR R SIS RReR TPy SR e R ST
claim1l, wherein said | ayer of conductive material has
B QARELBHLY PUARA, RS s Al AR GOV 8 SRl Cherween
conductive gate and drain region. 3. The” device o
abbeti §03 to WHér @nrovsaisald i disiolragiom gwiheagher sathbyer ohcoldness

1\?\%&‘{\5 gl'ﬂeldsa Sbaci) (%ongﬁc%e t#z&e %‘b%l%a.{amraqﬁ/ gcgnt Sc"fl.i d drai n-r egi on,
er eby sal ayer of conductive “haterial shields

said conductive gate fromsaid drain contact. 4. The

evi f.claim.l, erein.said insulating.la .
4 omprie e i 1, SR i Paflodel <R FPise S st g
@es@bDhdinesibn il Hwedndporoloir Baifd lisgn plaai sdidssecqidchortion
t%ort'.on bei ng .t hi cker than said first portion. 5. The

g thigkeg thapsaid firsy porfign. i n said first portion has a
t hi ckness between about 0.05 to 0.15 pm and said
second portiagn has a thickness between about 0.2 to
.5 rhhe deyicemiglagndi wherein syl Arsipartiophasagickacss petween about
0.5t loats i Y al dBHRIse B pBriioll hekNBEEndk B8 FeerSivdev®d 1050 Ofim.
sai d conductive gate greater than about 0.03 mand a
t hi ckness over a top surface of said conductive gate

@ eatigl dbRan oRPAME 10wRRre aicg msae.ﬁngﬂ ayéﬁﬁasgi tlﬁél(%izs@ along

further conprising a highly doped region of sali
-sifispalitlof saishepadedtive yte tapgaéer flanrabouti R0k pinding lazthigkess over a

B PRt B s SRS STEE,
S

evice o er conpri'sing an edge
term nation region urroundi ng the active area of

aid.transistor.a eparating said transistor.froma
Rage bf B A ER PR ik Rl RS el A0
condudtieidgypé dormed ai sad chagelorgios @R maE Acghostomedf] saidegtad
of the second conductivity type fornmed in said

USPth axi al | ayer, wherein said |ayer of conductive

mat eri al extends beyond said well region and over

8§a| dThQ Sci’el:lviaclg ! (g}g cIlaiarlX elr, ! fu?thgr comprising an edge termination region
surrounding the active area of said transistor and separating said transistor from an
edge of a die having said transistor formed thereon, said edge termination region
comprising a well region of the second conductivity type formed in said epitaxial
layer,

wherein said layer of conductive material extends beyond said well region and
over said insulating layer; and

wherein said drain plug is formed at or proximate to said edge of the die.

9. The device of claim 1, wherein said substrate is a non-epitaxial silicon

substrate and said epitaxial layer is a silicon epitaxial layer, further comprising a first
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wherein said drain plug is formed at or proximate to
said edge of the die. 9. The device of claim1,
wherein said substrate is a non-epitaxial silicon
substrate and said epitaxial layer is a silicon
epitaxial | ayer, further conprising a first 14 buffer
ion of said second conductivity type forned in said
et epgical of saig spconé rondbetiviy VRe foupesk ipnid caiiexial daygr between
K@%ygﬁl'ater z?rgi' O cifhd ré%(L S baild ieds %{Iffflelg i8R h%}{é BQofuctivity
conductivity greater an or equa
groptetulban ariequal of the edrdudthvity obbai¢ dgnmi .l‘egl@. The devi ce of
claim9, further conprising a second buffer region of
said first conductivity type fornmed in said epitaxial
1tay erThe elevieeof a9, ffurtlst chmpfisng # egdwhbieffed regen of said first
PRI B s dored 1F 7 Ep oy Bl Yo T Bl 3Rt ane
datak subgdraten sai d epi t axi al Iayer 12. The deV|ce of
claim1, wherein said drain plug conprises a
conductive material. 13. The device of claim1,
wher gihe deticd gir@dim pd, UgheeGnRhiIdSRSt atl sasnd duffagregions are
material. 14. The devlce ?f claim1, wherein said
fegops formedinshid RRNY 1¥FT | ess than or  about 76
gm 15. The device of claiml1l, wherein said first
conductivity iy pe is N conductivity type and said
Kubstlhst @"h’ﬁs‘) aclpimyHy yhetsie daléo‘#élén? FatmRTsepea cpnductive
hakenal netal - oxi de-sem conductor transistor device
conprising: a highly doped sem conduct or substrate
having a N conductivity type and having a lightly
foPedrepid ﬁ%' & iV Q! JHiRAP % h(ﬂglhnﬁug%ﬂlgﬁers A idsRGhng
source and drain regions o e N conductivity type
magemadd in the epitaxial |ayer proximate the upper
surface, said source and drain regions being spaced
from one another and having a channel region of a P
Elondudtidevity of yipim 1 owheein stidenkimeteesn thicksas df less than or
ipig xi al | ayer, said channel region extendi ng under
af rce region; a conductive gate formed over a
gate di el ectric layer formed over said channel region
}I%ggl gfiug de\?il(:é glgl%r I1 a»@ clrfg salglflrstsc%g u%%vi?yngfpg riSaILIncont:iuctivii‘.y

type and said substrate has a highly doped concentration.

-16. A lateral metal-oxide-semiconductor transistor device comprising:

a highly doped semiconductor substrate having a N conductivity type and
having a lightly doped epitaxial layer thercon having an upper surface;

source and drain regions of the N conductivity type formed in the epitaxial
layer proximate the upper surface, said source and drain regions being spaced from
one another and having a channel region of a P conductivity type formed
therebetween in said epitaxial layer, said channel region extending under said source
region;

a conductive gate formed over a gate dielectric layer formed over said channel

region and partialty overlapping said source and drain regions;
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15 at | east one buffer |layer having a dopant
concentration equal to or greater than said channe
regi on formed between said channel region and said
substrate; a drain contact electrically connecting
said drain region to said substrate and spaced from
sai d channel region conprising: a first trench forned
f r omat keast oppbufies laykuipwingfa dopand cepsientantioaleqhia yeer greater than
I 1.d
s%?&i q{%g%%gﬁs%{oﬁifgmgg %a@%&’ﬁ}% %a& e Ferg% and @%? ﬁ%g*?%’fw
c o ndwaodraiv |cb1yta¢t)eﬂnetrfcalﬂy”rad1nadtmg Gaig aira:ln regichetovsald| subftratehand
J e%:n sm&%ﬂnAJH Oncra n.p Iug in said first trench
35: Fiom s SRI00 C98BEU % egi on: an insul ating | ayer
ext endi ngadrangnsi fﬂmnecl frsmahe spried siéiee WE bii epigatad Jayer to
over. sai d conduct.i te and over. said drain region,
SRR ARG TP Bher PO P RS por i on over
Slal d drai g hiighght @(spgam@gl@ Sﬁﬁgml_i d@ﬁﬂl}thl@igy @perhfom%gfgasaiﬂ
pl u sai secon ortion being thicker than sa
*@?é%n?ﬂwq$¥ﬁPﬁth&“g source contact electrically

connect eda URiBRLE inSQITES eBEH AhacaitGaidmhtydddped Mgion;
el ectrical short between the source region and the

chaniB|inyaging dayes sxignding, ploae sidpwalls of %‘rﬁ‘?ng?tﬁ’ﬁ ggte, over
Y &ndiive %Q@%H'o\é@r d Qfaina}egﬁl)ﬁp&fi;d RALeY, $fay§laéd?npnsmg a
insulating layer and in a second trench torfned
farel] pRséon owaiseld gisain cesiemendch seeqad Perdign oner withidiein: gy salg
i,hgsai d second trench
*&%@8 H%SQE??gﬁkgﬁﬁ %ﬁﬁ a%ga %pltaX|aI | ayer such
t hat agolygt tamacs aleftricalytdoencstsd th said persedregion and provjfreran
f f S r e |
GGE Gofiven23h freTPORL LI and e e RS o84 B2 g
donpsiting b lfybesl coadjictve mhtesa iddpdRiteboat sid msulytntgﬂpy;r and in a
sle(‘éodllgetﬁengé:ﬁ(amgg 38&%18 %%1 fss}ialérfe Ialécg nlgEﬁlH% re§1gnsd IKF extending into
saidnehaahdl e giyn,t Wheeih asaltie sbcolk trasohnis Sfaimkdf pa:rﬁillybthﬁ‘(f@h said
regi. and d substrate. 18. i.ce of cla 16
SPEIPEE S P Ry iy PefERaa B SO PP nce of
saiandskgltevi ty type forned in said channel region
proxi mte a bottom of said second trench. 19. The
device of claim 16, further conprising an edge
7er MR UELRE: SRMiRAN G, FRERAWREIaDRad REe BEfidr\exict &nrffses first

said transistor and separating said transistor from an
buffer region of said P conductivity type formed between said substrate and said

channel region, and a second buffer region of said N conductivity type formed

between said first buffer region and said substrate.
18. The device of claim 16, further comprising a highly doped region of said P
conductivity type formed in said channel region proximate a bottom of said second

trench.

19.  The device of claim 16, further comprising an edge termination region

surrounding the active area of said transistor and separating said transistor from an
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16 edge of a die having said transistor forned
. thereon, said edge term nation region conprising a
wel |l region of the P conductivity type fornmed in said
epitaxi al layer, wherein said | ayer of conductive
materi al extends beyond said well region and over
said insulating |ayer; and wherein said drain plug is
qd@@ we@ die baying seidi traasistor frmpd tleogepa, o4id tege grminatigroregjgn
I; t
G s SRR A P ETUEANAY R ToRUTE sfd Gigkiat e,
c o ndudietoin sajd laypef hendietiyeandtérighextgndd bpmid el gl iregion and
[ g an upper surface; source and
aégﬁﬁiﬁgg%gﬁq“%?%bﬁe first conductivity type fornmed in
t he eoylicteixsail draingiueris formsd st eroxineateippbe edge of e die. sai d
source and drain regions being spaced from one
anot her and havi ng a channel region of a second
20onduclatevil metdl-xbpﬂe-fsmmnmdiuctbhm etigsor devics etimbnsmg
epltaX| nnel re Lon exte
bt o Sl Mol ST sSnERGE, HOEhEre XnEPRL e
1y ehegbod Ihedh# mcuﬂpalyaﬁffaé@r med over said channel regi on

and parti al ver.| appi ng_sai d source a d drai o
regi éﬂ‘g"e %Hdl ‘%/ré‘é}g?g‘%‘ﬁé)% (5Rf st cqogyciiviy éé(ﬂe medqp B}frﬁpm’“al
160 e hAE IR uREtRirfabd) B sBhRe LRI dfieR 10ﬁ§ib§in§ lBFHoEE From
region formed between said channel region and said

g raethat @nd hayipgianchespp! degion bt sscend CondUSHHRC BIPRJormed
RAEEENEA iR s5i8 GhiRRiA RySkdd SHRSEN RLign @ﬂgndn%goﬁﬁféﬂsafxd Sthrce
sai d channel region Conprising a highly doped vertica
I?ﬁ%@ant region of said first conductivity type forned
N SQnfRlilEhAorh8) Gler o B BIEHiIAR Mirhno@ bRE il SRl
connect e al d source region and providing an
regier and reatially lowerlapbiop wade rour¢reend slipie eegromgi on and t he
chan t !
a1 aciepte B Bltrer OB il s B SLAGA o6l & rBlcFifln
shid)channewegme rfcmmd béaettosmdahaimd eegoin and sald sutemat | S
spaced f.ram.a surfa e of..sai.d substrat n
Reurart RV SRRE I Praiie oA Sbibl A G Ghf B0
spavdd $@incsagDihanee] regiuntcamiprisind a hixhlyadopedivertical implant region of
de-.sem conduct or, .transi stor device
Sn@ﬁﬁ?C§Whﬁ““5”ﬁﬁ§ﬁp§“ﬁ%ﬁ@ﬂe’&HggigFé having a first
condugbinyd Eohtdcy prectaodlytaunddtdan sai Bhdrésdegion lady Providing an

formed t hereon;
electrical short between the source region and the channel region, wherein the source

contact is formed at least in part in a trench formed in said epitaxial layer, wherein a
* bottom surface of said trench is spaced from an upper surface of said substrate; and
an insulating layer formed between said conductive gate and said source

contact.

21. A lateral metal-oxide-semiconductor transistor device comprising:

a highly doped substrate having a first conductivity type and having an
epitaxial layer formed thereon;

source and drain implant regions of the first conductivity type formed in the

epitaxial. layer, said source and drain regions being spaced from one another and
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source and drain inplant regions of the first
conductivity type fornmed in the epitaxial |ayer, said
source and drain regions being spaced from one anot her
and 17 having a channel region of a second
conductivity type forned therebetween in said

epi taxi al | ayer, said channel region extendi ng under
haying asehaneed regiql o sexorderduetivity typgt fermesk thergbatyeqn inrpaid
@E@aﬂﬁ‘l%yef,%gi'dQH%nnglrrgéi@ﬁ BrRA tdereslaﬁcst)ﬁﬂcgfgfgio\ﬁ‘

ect’i ng sal arn regiom to sald substrate

t hr ouglndust veegsite fahed ovientpe chanael regiewil at i ng | ayer
for med drg}{leg()réa%k %le&?ﬂﬂgp I:Jar?ﬁ‘éftﬂxgt &i PP ReAh UPBRE substrate
of sal X a

surface eprtaxia er; a source netal layer
tepgls the epiitnedtayerai d | nsul ating | ayer and formng a

S0Ur G inGONKAEL e PN AR SIBEHE! Gl ard R RELVGRRC.
t he source regron an e ‘channe gion; an erern
fanid epinsidl &yemg | ayer conprises a first portion

def i ned bet sajd .source netal .layer and said
i ai 1 PHEY N P shosiil S el g g 5 2 o g souree
doatave provisiiedard eRbticgll shgrialigwsanl the Ssouifce aegivh ahd | thy @hannel
wherein said second portion is thicker than said
?5?§fmgortion. 22. The device of claim21, wherein the

firstyhiepid bAd ifiaktife laReClongBesdL Fivve portion RiefiiedObddedntsaid
0.15 pm and said second portion ,has a thickness

WecqaBralalisen ang said giraip impkgt region b agiependePeFtionr |dsfipgd
tedwecidQirdln PG dnlifsaid BRict inRfhl RASr, Avtlehit ki@ SstoRe b¥YaBA is
about 0.06 to 0.1 mand said second portion has a
thigkerithrassaidfsstipediongbout 0.2 to 0.3 pm 24. A lateral
met al - oxi de- sem conduct or transistor device
. conprising: a non-epitaxial, highly doped substrate
Ravi e device of claim dilc wheieiny theyfirst pertiore pas axhigknepnhetveen
' r : I [ r
B 0 B e MR 3o W 1B T LSR8 I PP
Gajpoh. i npl ant doping profile conprising: source and
drain inplant regions of the first conductivity type
formed proximte the upper surface of the epitaxia
A3ay erTharddvisp af ethith rAmworeiratet fivetr portion has a thickness between

“about 0.06 to 0.1 pm and said second portion has a thickness between about 0.2 to 0.3

pm.

24. A lateral metal-oxide-semiconductor transistor device comprising:
~ anon-epitaxial, highly doped substrate having a first conductivity type;
an epitaxial layer having an upper surface and a lower surface formed on said

substrate and having an implant doping profile, said implant doping profile |
comprising:

source and drain implant regions of the first conductivity type formed
proximate the upper surface of the epitaxial layer and spaced from one another,

a body implant region comprising a channel region of a second
conductivity type formed therebetween, said channel region extending under said

source implant region;
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a body inplant region conprising a channel region of a

second conductivity type forned therebetween, said

channel region extending under said source inplant

region; 18 a first inplant region having said second

conductivity type inplanted proximte to and

under neath said channel region, said first inplant

regi on ha®ing napla@rorpgmtl having emd sespnd pondgeiiity ttygpeoimplanted

HEERGE o tan@ﬂn&n%gﬁl Ao GARGEN JiGH el ffa;t ?laﬂt {%Ei%ﬂrlﬁhng a

regilon, and a second I nplant” regi on ng saird first

dopard wondeyiratipntegyrd 9 opEmatedan balppwt smcgntfaitips of saigh clampel

]%égﬁ g' a conductive gate and a gate dielectric layer
rmed over the channel region; a drain contact

el ectricah ISgcondJ nmgleti ragjors havinglsaid firsi npldacttvity ggpecimpiamted

beﬂ)w aicohl t‘°’1 al r'E:t g;lough the epitaxial layer; and a

Sour ¢& Cont &¢ ePectrically connected to said source

r egi amomdhitiyer gavd ahidagaenliel elrécthydr Cained bmartthdacﬂhmmdaregtdne

source,regio channel. The .de

o cRaPHosoRaalHoLE A o alig Bk gt (o o

sabddstertrioagtouhe esitixihl lagat waki al layer is a |layer of

epi t axi al
P a source Xongact V\fgctncalfy connecteg to said source region and providing an

electrical short between the source region and the channel region.

25. The device of claim 24, wherein said substrate is a silicon substrate and said

- epitaxial layer is a layer of epitaxially grown silicon.
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