LDMOS Usi ng A Conbi nati on O Enhanced Di el ectric
Stress |ayer And Dummy Gates Background of |nvention
1) Field of the Invention This invention relates
generally to fabrication of sem conductor devices and
nore particularly to a | ateral double diffused
nmet al - oxi de- sem conductor (LDMOS) and the fabrication
of sane. 2) Description of the Prior Art Today's
integrated circuits can include a huge nunber of
transi stors, capacitors, or other sem conductor
devices fornmed in a sem conductor. Smaller devices
are the key to enhance perfornmance and to increase
reliability in devices. As devices are scal ed down,
however, the technol ogy becones nore conplex and new
nmet hods are needed to maintain the expected
perfor mance . enhancenent from one generation

dev-DMOS Ysing Aw‘é?mb'nﬂtlenm %mamm H!eg!ectlrlsa/ﬁ%8$ layer And
primary sem conducting MeHgh fn croel ectronics,
nanely Silicon (Si), or rmre roadly, to Si based
materials. One of the nost inportant indicators of
device performance is the carrier nobility. There is
great difficulty in keeping carrier nobility high in
Badierounll of ivelttkoh submi cron generations. A prom sing
avenue toward better carrier nobility is to nodify
slightly the sem conductor that serves as raw
Wﬁtﬁél'daéftherln fabrication. It has been known,

d recently t er studied that Si, strained in
t ensi dijs Imentlomt neleges; ggnetally ite fabgicatien of egmidonductor devices and

more particularly to a lateral double diffused metal-oxide-semiconductor (LDMOS)

and the fabrication of same.
2) Description of the Prior Art

Today's integrated circuits can include a huge number of transistors,
capacitors, or other semiconductor devices formed in a semiconductor. Smaller
devices are the key to enhance performance and to increase reliability in devices.
As devices are scaled down, however, the technology becomes more complex
and new methods are needed to maintain the expected performance
enhancement from one generation of devices to the next. This relates mainly
toward the primary semiconducting material of microelectronics, namely Silicon
(Si), or more broadly, to Si based materials. One of the most important indicators
of device performance is the carrier mobility. There is great difficulty in keeping
carrier mobility high in devices of the deep submicron generations. A promising
avenue toward better carrier mobility is to modify slightly the semiconductor that
serves as raw material for device fabrication. It has been known, and recently
further studied that Si, strained in tension, has intriguing carrier properties.



Mechani cal stress in the channel region markedly
i nfl uences the performance and reliability of MOS
devices. It has been known that a nitride etch stop
filmcauses tensile stress in the Si substrate. Thus,
there has been a ot of interest in high-stress
nitride etch stop filmin the fabrication of MOS
devi ces. Tensile stress may be obtained by formng a
nitride etch stop to create stress (that transl ates
to strain in the underlying silicon) in the channel of
a MOS device. Device nobility has been extensively
studi ed by introducing strain in the channel. One
N&hahﬁ:‘éh@t’réﬁé%'tﬁe Eﬁ&nrﬁ’éi e Bn‘?ﬁéﬂ@&]g ifiueRces He Pérfdrtihce and
ayer as a stressor. hi eve 1 nCreased drive
celiabiity of/MOS deviees ed carrl er nmobility and velocity,
thicker nitride |layers may be used to neet higher,
specified stress |levels. The current nethods of

pr odudt has besn kol thaira aieridecetch atopfind wdsbeltensne stress in the
nmproved upon.  The inport anceggf over.com ng

§a§%§lgatae hus, there dashaen 18 of interest 'Qxh'%ﬁts%%ﬁ pifridegich stop
fie ﬁPﬁiersbﬁ@é%@%f%osade\ﬁ’@ééel opment directed to the

subj ect, as cunmented by the rel evant patent and
technical literature. The closest and apparently nore

[Tt or SEhs iR Ray S ERAREE DY Salring AR N stop to create
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entitled Si ergbon Nitride FilmWth
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ERAGSEI20RE stkh @é&ﬁl’lll%“é i3 théh%@'o‘? eantABdettl '%to% hitid¥eEyer as a

Transi stors, Form ng Ther eof
stressor. To achieve increased dnve current via increased carrier mobility and

velocity, thicker nitride layers may be used to meet higher, specified stress levels.

The current methods of producing semiconductor device can be further

improved upon.

The importa;nce of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the subject, as
documented by the relevant patent and technical literature. The closest and
apparently more relevant technical developments in the patent literature can be

gleaned by considering the following.

US 2006/0009041A1 to lyer, R. S. is entitled Silicon Nitride Film With Stress
Control.

US 2005/0266632A1 to Chen, Yun-Hsiu is entitled Integrated Circuit With
Strained And Non-Strained Transistors, And Method Of Forming Thereof.
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2 U S Patent No. 6,828,628 to Hergenrother, John

M chael is entitled D ffused MOS Devices Wth
Strained Silicon Portions And Met hods For Form ng
Sane. US 2005/0026332A1 to Fratti, Roger is entitled
Techni ques For Curvature Control In Power Transistor
Devi ces. US 2005/ 0221566A1 to Curell o, G useppe is
entitled Enhancing Strained Device Performance By Use
O Multi Narrow Section Layout. The article entitled
"Hi gh Frequency Power LDMOS Technol ogi es For Base
Station Applications Status, Potentials, And
Benchmarking," to G Ma, et. al., |EDM Tech. Dig., pp
373 - 375, 2005. The article entitled "High
Performance RF Power LDMOSFET's For Cellular Handsets
For metl.$ nPatent Mo 35,828,628-tsiHergearsothersieln Michae! isrentitled

DipiedROPefikes i o ABRY Siin Pordons, Al Mditines F3 Eorming

Nexte.Vector To Extend Moores Law," IEEE Circuits &
Devi ce Magazi ne, pp. 18 - 23, Sept/CQct 2005. 3
Summary of the Invention Sone of the exanple

enmbod U@f@%/@éZégﬁﬁﬁgﬁﬁ?ﬁi, RYGRRId OntitRHOMdcHRiqRies IFor Curvature

structure and a net mandfacturing a | atera

Sonbiok IndP o Wers eansister Devitete- seni conduct or ( LDMOS)

using a stress layer which is characterized as

follows. A exanple nethod of formng a transistor

conpr USL20031022 886Vt tooCwield,SGiukepps & etitted Enhancing Strained

Device Performance By Use Of Multi Narrow Section Layout.

The article entitled “High Frequency Power LDMOS Technologies For Base
Station Applications Status, Potentials, And Benchmarking,” to G. Ma, et. al.,
IEDM Tech. Dig., pp 373 — 375, 2005.

The article entitled “High Performance RF Power LDMOSFET's For Cellular
Handsets Formed In Thick-Strained-Si/Relaxed-SiGe Structure,” to M. Kondo, et.
al. IEDM Tech. Dig., pp 377 — 379, 2005.

The article entitled “Mobility Enhancement: The Next Vector To Extend
Moore’s Law,” IEEE Circuits & Device Magazine, pp. 18 — 23, Sept/Oct 2005.



formed over a substrate and a channel is formed under
the gate. Afirst junction region having a first
dopant concentration is forned proxi nate one side of
the gate. A second junction region having a second
dopant concentration is forned adjacent the opposing
side of the gate. A third junction region is forned
having a third dopant concentration is fornmed

adj acent the second junction region and spaced apart
fromthe opposing side of the gate. The second dopant
concentration is less than the first dopant
concentration and is less than the third dopant
concentration. A stress layer is forned over the
substrate and over the gate. The stress |ayer creates
a stress in the chanSseimmady ofthdbhwventiomd | uncti on
region. In an aspect, the sem conductor transistor is
a LDMOS, P LDMOS, N LDMOS, RF LDMOS, HV FET, HV FET

SO, Igoghe ybtheadaniple bthbrdiresits lof #hs pedseht |n0ént|o'h profide a
effect transi stor having an offset source and/o
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third dopant concentration is formed adjacent the second junction region and
spaced apart from the opposing side of the gate. The second dopant concentration
is less than the first dopant concentration and is less than the third dopant
concentration. A stress layer is formed over the substrate and over the gate. The
stress layer creates a stress in the channel and in the second junction region.

In an aspect, the semiconductor transistor is a LDMOS, P LDMOS, N
LDMOS, RF LDMOS, HV FET, HV FET SOlI, high voltage field effect transistor, or
a field effect transistor having an offset source and/or offset drain.

In another aspect the method further comprises the step of forming at least
one dummy gate over the second junction region, the stress layer also is formed
over the at least one dummy gate.

Another example embodiment is a semiconductor device comprising:
a substrate;
a gate over the substrate, the gate has first and second sides;
a source in the substrate proximate the first side of the gate; the source

having a first dopant concentration;
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of fset drain having a second dopant concentration; a
drain in the substrate adjacent the offset drain; the
drain having a third dopant concentration; the second
dopant concentration of the offset drain is |less than
the first and third dopant concentration of the

source and drain regions; and a stress |ayer over the
substrate and over the gate, the stress layer creates
a stress in the channel and in the offset drain. An
aspect further conprises at |east one dummy gate over
the substrate wthin the offset drain region; the
stress layer also is over the at |east one dunmy

gate. fagolgf@n% %{gﬁgmtﬁ@%h?ﬁfg&%%nﬂﬂ%% nBSsid¥ of A8 gate; the

exanp nts ments are
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exhaust i vedapahtaoneshtrationy the désndalapapt esecsntdtionof the offset
to assist in understandi ng% the invention. It should be
¥
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t he |nvent LOiRe %@ Ilé%j Kdains, to be considered
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i nst ance,
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advant ages are appl.icable to one aspect of, the

ivithimthegifseh depin ﬁ%@iem thgistress Lvst ﬁtﬁ%s opgr theeatieast one dummy

%%{é_al n aspects of the clained

Other embodiments comprise structures of the example embodiments.

The example embodiments are defined by the specification and finally
issued claims.

The above and below advantages and features are of representative
embodiments only, and are not exhaustive and/or exclusive. They are presented
only to assist in understanding the invention. It should be understood that they are
not representative of all the inventions defined by the claims, to be considered
limitations on the invention as defined by the claims, or limitations on equivalents
to the claims. For instance, some of these advantages may be mutually
contradictory, in that they cannot be simultaneously present in a single
embodiment. Similarly, some advantages are applicable to one aspect of the
invention, and inapplicable to others. Furthermore, certain aspects of the claimed
invention have not been discussed herein. However, no inference should be drawn
regarding those discussed herein relative to those not discussed herein other than
for purposes of space and reducing repetition. Thus, this summary of features and

advantages should not be considered dispositive in determining equivalence.



i nvention have not been di scussed herein. However, no
i nference should be drawn regardi ng those discussed
herein relative to those not discussed herein other
than for purposes of space and reducing repetition.
Thus, this summary of features and advantages shoul d
not be consi dered dispositive in determ ning
equi val ence. Additional features and advantages of the
invention will becone apparent in the follow ng
description, fromthe drawings, and fromthe clains. 6
Brief Description of the Drawi ngs The features and
advant ages of a sem conductor device according to the

%‘E’?@J{g fJéYL?rBE aﬂH a%(}gn{a E'b‘?'ih%j |<§h \?/ I t?ec%'h?é:sa‘%ar&flt in the

suc m-cond ce 1n accor
vidlidwing depmrqmenxfronmwaetdrmmgsj dancbfromihe otdiesst | y
understood fromthe followi ng description taken in
conjunction with the acconpanying draw ngs in which
i ke reference nuneral s designate simlar or
correspondi ng el enents, regions and portions and in
whi ch: Figures 1 through 4 are cross sectional views
for illustrating a nethod for fabricating a MOS Tx
according to an first exenplary enbodi nent of the
present invention. Figures 5 through 8 are cross
sectional views for illustrating a nmethod for
fabricating a MOS Tx according to an second exenpl ary
enbodi nent of the present invention. Figure 9 is a
graph illustrating selected i nproved characteristics
of exenplary LDMOS enbodi ments of the present
i nventi on.
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Figure TOA is a cross sectional view of an LDMOS
device in accordance wth the first enbodi nent of the
present invention illustrating the stresses. Figure
10B is a schematic, global cross sectional view of a
tensile stress |layer overlying a wafer. 7 Figure 10C
is a schematic cross sectional viewillustrating cross
sectional viewof a tensile stress |ayer over a LDMOS
according to an exenplary enbodi nent of the present
invention. Figures 10D is a cross sectional view of an
LDMOS device in accordance wth the first enbodi nent
of the present invention illustrating the relative
stresses wthin the wafer wi thout the use of dumry
gates. Figures 10E is a cross sectional view of an
LDMOS devi ce in aBeief Dasceiptiantof thedrawings enbodi nent
of the present invention illustrating the relative
stresses wthin the wafer with the use of dunmy

gat esThé&faHinies ahdlddviantddgestof sasemisohdusidi devic®ascording to the
sectional views illust rat,i ng ot her exenpl z%r

prasent inveation and {sthes defrilsid S0MPR8ES O Qﬁagﬁ‘@ }S%e'*élehta
mﬁ%ﬁfb%gﬂ&opﬁ&léé in Héﬁﬂdaﬁé&Hﬁtﬁ tﬁépl%s%HPW%eﬁbr?Wﬁ!'BE fore clearly

ates and a stress ayer are forned over
uhéensmbddror@mme folowing (esdriptipndakarcie conjunctiosyithdbe

%ﬂ%@@ﬂ&ggrawmgs n wﬁlcm‘ﬁe%f%%ﬁé%t rluﬁﬂer%f 3$§gr|rzé<tér£%%r or

corresponding elements, regions and portions and in which:

Figures 1 through 4 are cross sectional views for illustrating a method for
fabricating a MOS Tx according to an first exemplary embodiment of the present

invention.

Figures 5 through 8 are cross sectional views for illustrating a method for
fabricating a MOS Tx according to an second exemplary embodiment of the

present invention.

Figure 9 is a graph illustrating selected improved characteristics of

exemplary LDMOS embodiments of the present invention.

Figure 10A is a cross sectional view of an LDMOS device in accordance

with the first embodiment of the present invention illustrating the stresses.

Figure 10B is a schematic, global cross sectional view of a tensile stress

layer overlying a wafer.



The exanpl e enbodi nents of the present invention wll

be described in detail with reference to the

acconpanyi ng drawi ngs. The exanpl e enbodi nents

provide an inproved MOS transistor and a net hod of

fabricating the sanme. Bel ow are exenplary descriptions

usi ng N-LDMOS devices enploying tensile stress

| ayers. However, it is noted that the exenplary

enbodi nents are equally applicable to P-LDMOS devi ces

(or other type device) enploying conpressive stress

| ayers. The exanpl e enbodi nents are applicabl e at

least to MOS transistors (Tx)/field effect

transggtal &TOQFgar)scH@PﬁbﬂQ C@JSESS%tCtIgﬁQI fglsﬂat §|El%'s§ sectlonal

ext ensrons rains, doubly dra

viewt ¢fea teinsite smess Iagelr d\farrmLDl\/lQﬁmacd:@dmrteﬁl ¢>aamplary
rts a tensile stress Lnto the underlying layer. A

?’éﬁ p|néer§ttq?£§pqe§§g{lnyﬁré}0& ore has an inherent

(internal) conpressive stress. A conpressive stress

| ayer exerts a_ conpressive stress into the under]ying
| ayer FignresohJP dssa icesssectiaral| vigu of an DM @pedayiae 'arﬁccordance

{Nlﬂrﬁ%g Akst (e defiriéht ofttﬁé‘ﬁfés%nt ﬁjr'v"eﬁﬁén |Ilﬁs%r§’ﬂ| ﬁffhe%?pfpb%tresses

di ment gures 1 lustrate a first exenplary
mtbmrthmfeofvlthdm tbeesenf durrmmegatleen wherein a stress
| ayer is formed over the substrate and gate of an
LDMOS. The stress layer that exerts stress into the

channpjgurssi ®0E @ & lcﬁds%fs'dctloﬁaldﬁmbbe afliLDMIS8evice in accordance
nmet al - oxi de- sem conduct or) ?at e. The resul
I

with tbe firgt embodimentef the prsqq\t mveaRan Hlustrating the reﬁatw% stresses
within the wafer with the use of dummy gates.

Figures 11A to 11E are schematic cross sectional views illustrating other
exemplary structures with which the teachings of the present invention may be
used.

Figure 11F shows an example, where dummy gates and a stress layer are
formed over the LDD or DDD Source (offset source or LLD Source) and DDD

drain.



A N-type LDMOS (N LDMOS) is illustrated but the
enbodinent is not |imted to n-type or LDMOS devi ces.
Figure 1, in an exenplary enbodi nent of the present

i nvention, an LDMOS 26 includes substrate 10 having
dielectric |ayer 12 fornmed thereover to a thickness
of, for exanple, fromabout 10 to 2000 angstrons.
Substrate 10 may be conprised of, for exanple,
silicon (Si), SiGe, or SiC and preferably silicon. The
substrate can be a silicon on insulator (SO)
substrate. Gate dielectric layer 12 may be conprised
of, for exanple, silicon oxide, silicon oxynitride
(STON), HHO2 or ZrQ2 and preferably silicon oxide.

Gate 14 is formed over the gate dielectric layer 12 to
a t hi Setaited Bestriptionafdbe Examplexampiodiment® t o 5000
angstrons and preferably about 2000 angstrons. Gate
14 includes exposed sidewalls 15, 17 and may be

conpr iThedxampld embdanphte of tmmbr_se%'eht mosntiqrolvyi e desefibed in
%QF mani um_ cobalt silicide (CoSi2) or nickel silicide

2 yith egferepeere .t%ac;c%pwlmg eiﬂwm@h digeaxapple gmbodiments
beorad Bn %bﬁ)v%ﬂ BSr t?:%nélé’tﬂpéh@ﬁ rh&@bans %rﬁ%ﬁnqgm@same.

source region a ormed wthin substrate
proxi mate to or cl ose to gate 14. The first junction

regio i n_Fi ur e
o B g b RET Ghsc et Gl FL oM debltst HySying
Eermilemas wjersr&aosw;a@brar{ étsnhotted k’;l@at the @S(gﬁh pldrg mqb'ﬂdﬁne?]ts are
irs on | can be spaced apart fromthe
ﬁxaeﬂw PRLIMIS davigesi(er piher itmjaﬁeev'efi egplaying
-Epﬁﬂr%%s‘?\]éexg%kg I'a98rsr ?Elé RakplE 8MbBRIMSHEBFE hSpIRaBRPAteast to
MOS tran3|storrsTFsz)/f|eld effect transistors (FET) having offset drains (e.g., drain

extensions, deeply doped drains, doubly doped drains) or the like.

Defined Terms

A tensile stress layer exerts a tensile stress into the underlying layer. A

tensile stress layer therefore has an inherent (internal) compressive stress.

A compressive stress layer exerts a compressive stress into the underlying
layer. A compressive stress layer therefore has an inherent (internal) tensile
stress.

.. First example embodiment
Figures 1 to 4 illustrate a first exemplary embodiment of the present

invention wherein a stress layer is formed over the substrate and gate of an

LDMOS. The stress layer that exerts stress into the channel under a (lateral



about 50 to 10,000 angstrons. For an N-LDMOS 26,
source 16 is conprised of N type ions. The source
region 16 can have a dopant concentration between 5E19
and 2E21 atons/cc. Second junction region 20 may be an
of fset drain (low doped drain (LDD)) and is forned

Wi thin substrate 10 adjacent to gate 14 on the
opposite side from source 16 to a depth of, for
exanpl e, from about 100 to 50,000 angstrons and
preferably from about 4000 to 10,000 angstrons. O fset
drain 20 is an N offset drain. The off set drain 20
has a | ower concentration than the source 16 and drain

HEGbIeFfUS3d rﬂ@t%l-@&fd%%nﬂé@ﬁdﬂlc?&) EBN/I(bggét@ The resulting structure
concentration between about 1 to 3 ers of

redtiusteaterdin bigere #han the source or drain regions. The
of fset drain (e.g., LDD or DDD drain) 20 can have a
dopant concentration between 1 E16 and 1 E18

at onms Ad¢-typENeDRIOS (N LOJO8) B fllustratedrpui thecmifodiment is not

ffset drain 20 en the channel region 25 and the
g’r“&?&tq @'QY%OEEDRA%%%SY'FW regi on may have a | ength
bet ween about, for exanple, 200 and 10,000 nm The
| engt h of drlft regi on (Lod) 27 for exanple,
bet weEiguehduin an exemplant ¢mbedigent oggwea;sresﬁet ineerftom, eén LDMOS

gg ‘?‘rﬁlﬂ@éeg J l.ﬂ)%@@?e% 6 b‘%lungrbqi gEtﬁE %)ge*? |132 fgfrﬂgﬁ ﬂpeq‘%vereto aghlckness

I on rain reg
bf fhrosxameple) frdmrabotst bettm 20e0 &ﬁgadpras e$¢|bsanade dOtrbzambd comprised

f set drin_Ot a_d th fr
Sh oot osts e GG SICBre Sib ancbreferabRiaioen. Pgiswbstrate can
BB% grcﬁinrbri:ﬁh@ufé?dre(%l?@tﬁl?ﬁltate concentration between
E19 and 2E21 atons/cc. The third junction 18 can be
Gate dielectric layer 12 may be comprised of, for example, silicon oxide,
silicon oxynitride (SiON), HfO, or ZrO; and preferably silicon oxide.

Gate 14 is formed over the gate dielectric layer 12 to a thickness of from
about, for example, 500 to 5000 angstroms and preferably about 2000 angstroms.
Gate 14 includes exposed sidewalls 15, 17 and may be comprised of, for example,
polysilicon, polysilicon germanium, cobalt silicide (CoSiy) or nickel silicide (NiSi)

and preferably polysilicon. Channel 25 is beneath gate 14.

First junction region 16 may be a source region and is formed within
substrate 10 proximate to or close to gate 14. The first junction region may be
adjacent to gate 14 as shown in Figure 1 or spaced from the gate. Proximate
means close to, Proximate can mean adjacent to or spaced from. The first
junction region 16 can be spaced apart from the gate as illustrated for example in
figure 11B.
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spaced apart fromthe gate 17. 11 The first, second
and third junction regions 16, 20, 18 each nay each be
doped with a first conductivity type dopant. The
second junction region 20 (offset drain or lightly
doped drain) has a | ower dopant concentration then
either of the first or section junction regions 16,
18 (source, drain, respectively). P-well pick-up or
body sinker 22 (P region) may be formed adjacent and
out board of the source 16 to a depth of, for exanple,
fromabout 50 to 5000 angstrons. P-well 24 is forned
wi thin substrate 10 bel ow gate 14, source 16, P-well

pi ck- q‘lﬁe?@stf]’unr%uf@h rbﬁféﬁ“@czﬂpbé ke tcPfafo%gfh o ?drréxaglple from

to a or from about

exa
ahgut 5Q>§cs10 pOGangs mﬁngg @ NaldaMRS\e6 | sozucaaGes c¢mprlsed of N

SRR PB4 4t L SRS bon R ol btwoon 1

landl 282 10atomeficons may be forned outside of the P-well
pi ck-up 22 and drain 18 (see Figure 10A, for
exanpl e). The above el enents can be formed in any

or der 9ésbRd)j Lﬁ‘l’éﬂoﬂ@gén 29 rKS')QB@ anldffsehanfn Bdei)@d'di‘aln (LDD))
the art. In Figure an exenpl ary enbodi rrent of

@ngde mrmadwwmm §Hb8t@t§t1@e@!;ac¢r§9@ gaol hanitigy oap@sme@@e from
SOURLIFE UEPuS ERIENb W o 016, 3008 Spostrge an
@xefnsrzitﬂy fromaabcaib 4000 26 10M0BGHY strangs Ofizet dead 20 is an N offset
%{;r‘ef eji'ﬁ% % se{ 8rrzrallna98 lf'\EeasZaOI%vvte(r) C((gr?cg)enatlrn %%tn rtr?gr? theTshoeurgé ﬁ and drain
regions 18. The offset drain 20 can have a concentration between about 1 to 3

orders of magnitude lower than the source or drain regions. The offset drain (e.g.,

LDD or DDD drain) 20 can have a dopant concentration between 1E16 and 1E18
atoms/cc.

The drift region 27 is comprised of the offset drain 20 between the channel
region 25 and the drain region 18. The drift region may have a length between
about, for example, 200 and 10,000 nm.

The length of drift region (Lod) 27 may be, for example, between about 1 to
20 times as long as the length of channel width 25 (Lg) and preferably from about
3to 8.

Third junction region 18 may be a drain region and is formed within
substrate 10 adjacent and outboard offset drain 20 to a depth of, for example, from
about 50 to 5000 angstroms. Drain 18 is an N* drain. The drain can have a dopant
concentration between 5E19 and 2E21 atoms/cc. The third junction 18 can be

spaced apart from the gate 17.
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exert a stress in the underlying layer, for exanple,
bet ween about | Ma and 3 Gpa. 12 Stress |ayer 30 nay
have an tensile stress or an conpressive stress. For a
N- LDMOS device, the stress layer preferably has a
tensile stress, that is, causes tensile stress in the
underlying substrate (see Figures 1 OA and 1013 for
exanple) which will be used hereafter for purposes of
exanple. Tensile stress layer 30 may be conprised of,
for exanple, nitride, silicon nitride (Si3N4) or a
silicon nitride/silicon oxynitride stack (Si 3N41Si ON)
Stress layer 30 may have a thickness of, for exanple,
from about 450 to 550 angstronms and preferably about
500 angstroms. Tensile stress layer 30 may place a

uni axilaie fisst, Beeorida@nd thirs juactian regipnscito 28, 18 rack mayneach be

. i 0
FopBa Wftle Bt e ER et coR R R e TRAAEEN SBRB1Rp (offet
Tdnﬁntcﬁmig\?}lqyedspér]cieamri]r@)a‘fasfn qug@'ﬁiqtﬁnaeondeh'trgfid)lﬁllhenheithr?r of the
ereas when the channe is conparable w th the
IFSh A Seclipryiunction [RoIQRS é‘éy %{ﬁﬂ%c%é’fﬁ' Jgeegctiyely).
bi axi al . For exanple, for a tensile stress |layer 30
havi ng an inherent conpressive stress with a
t hi ck??ewgll ofck-doer kodynginker 22 (Rwegicah ay tisoraned Sifacent and

BT A TR0 AR R0 o SEABIEL 0 B 5o

exgspbms. 1.8 to 6.6 Ma, and preferably from about 2.0
to 6.0 Mpa, tensile stress in the underlying
substrate including the channel 25 (or drift region).

A teng g SuN&fotricdnfithid QubBirate! ACSeIGw RRS 1h esSuirt €98, P-well
on the offset drain (drift
pick-up 22 and at least a portion of offset drain 20 to a depth of, for example, from

about 200 to 1E5 angstroms.

P-well pick-up 22 and P-well 24 have the opposite conductivity type dopant
as the first, second and third junction regions 16, 20, 18.

Isolation regions may be formed outside of the P-well pick-up 22 and drain
18 (see Figure 10A, for example).

The above elements can be formed in any order using any steps as known
by those skilled in the art.

In Figure 2, an exemplary embodiment of the present invention, a stress
layer 30 having a stress is formed over dielectric layer 12, gate 14 and exposed
gate sidewalls 15, 17 to a thickness of, for example, from about 20 to 5000
angstroms and preferably from about 200 to 600 angstroms. The stress layer may
exert a stress in the underlying layer, for example, between about 1 Mpa and 3
Gpa.
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region 27) of, for exanple, between about 2.0 Ms and
3.0 Gra. In Figure 3, an exenplary enbodi nent of the
present invention, an inter- |ayer dielectric (I LID)
| ayer 32 is formed over stress layer 30. ILO |ayer 32
may have a thickness of, for exanple, from about 0.05
to 3 pm I|LLS layer 32 nmay be 13 conprised of, for
exanpl e, oxide or oxide forned using tetraethyl
orthosilicate (TEOCS) and preferably oxide. It is
noted that alternative stress engi neering nethods,
such as, for exanple, Stress Menorization Technol ogy
(SM), may be used as a way to create tensile stress

i n theyebamnel 38hea)-Pivd 88iteRsietidss ¥ 4l comgressive stress. For a

ef fectiveness. For " exanple, the stress can .
Mel-RMOSe deviae: the simdeyerenr@femhkyrhaﬁea tenaigesteass, that is, causes

%ﬁ%ﬁé |S§'%E$ Eﬁl ?rieeﬂ{‘né]%rwi@z sh@%ﬁ%@%ﬁﬁ&dbﬁ%ﬁ 9 O/tf\ grﬁl%gq%r example)

whizhenill benvsat heroaftdrifbr banpesesa?.emrdpletress | ayer 30
are patterned to form (1) first opening 40 exposing
at least a portion of substrate 10 within a |east a

porti pBngfe Srésyt IaJyHPQb' rﬁﬁy NROEeMphSed o8)for %%\ﬁﬂﬂ’e mtndg silicon

openi ng 42 exposing at |east a portl on of gate 14;

pjde fﬁlerd4)cmawslhg>mmtncte(§1b@¢mgxmﬁﬂdetatank (&H:NADEIN)a Sress layer

30 ¥ Pl 4 kel 0P KGRI, pERG 468, b4, roms ana

preieabhskbag 580dngetocimisve ion etch (R E) processes.
Respective contact structures 34, 36, 38 nmay then be
formed within openings 40, 42, 44. Contact structures

34, 3%ensik ﬁ?éésb@yerméy%%eoé uhtaR@P bebiakidl teMsile stress across
titaniumnitride (Ti n one option, stress layer 30

the ehannekas vetl offset ﬂr@m 2®0r dpe exapples betyvasdabout 1 Mpa and 3
Gpa. When the channel width is very long, the tensile stress can be treated as
uniaxial, whereas when the channel width is comparable with the channel width,

the stress could be treated as biaxial.

For example, for a tensile stress layer 30 having an inherent compressive
stress with a thickness of, for example, between about 450 and 550 angstroms
and preferably about 500 angstroms. The tensile stress layer may produce from
about, for example, 1.8 to 6.6 Mpa, and preferably from about 2.0 to 6.0 Mpa,

tensile stress in the underlying substrate including the channel 25 (or drift region).

A tensile stress layer 30 may place a tensile stress on the offset drain (drift

region 27) of, for example, between about 2.0 Mps and 3.0 Gpa.

In Figure 3, an exemplary embodiment of the present invention, an inter-
layer dielectric (ILD) layer 32 is formed over stress layer 30. ILD layer 32 may
have a thickness of, for example, from about 0.05 to 3 uym. ILD layer 32 may be

13



(for exanple, see the SMI di scussion above). The

i nventors have di scovered that the use of overlying
stress layer 30 inproves the perfornmance of LDMOS 26,
that is, for exanple, the Ron is decreased, the gmis

i ncreased and the Idsat is increased. Il. Second
exanpl e enbodi nent (r) dummy gates and stress | ayer
14 Figures 5to 8 illustrate a second exenpl ary

enbodi nent of the present invention wherein one or
nore dunmmy gate structures are also formed over the
substrate at least wthin the second junction region
(offset drain). A stress layer is forned over the

BB SR ForBibribiB S0l Br BREe 8T Idng tettdiing B Bsilicate

eés layer has an 1 n erent res
(sTE@S}sandmteferablych}adeel under a LDMOS gate. The
resulting structure is illustrated in Figure 8. Figure

5, in an exenplary enbodi nent of the present

i nventti®hotedth4tAiidmatfe dtiehk satipgtrhgthedS GulR \dsN ebr
gate dielectric layer 52 forned thereover to a

EKABRISe SYess Mefra@n@t@nﬁr lashnelogin (Ut may bedisedas a way to
) eﬁ’gﬁe sﬁHQ?H t?lg%héﬂngaé’ndoEDD% b%ﬁﬁg %L{iﬂ %ﬁéctlveness For

exan'p , I 'con I con ni-um
skamplen theastbessecan 18 ﬁi)enatmtenrlaftbe abaryna |ek/e|m amen@ad ;emove the

B 6 et B¥ R b s vy BRTBFEToas SN °he 0 or

Zr2 and preferably silicon oxide. Fl rst junction
regi on 56 ggx be a source region and is fornmed within

subst tdtiguso? pRrogxerplary emgadenent qféprmﬁnbievqaj%éw layer
52 80108 00 ke IS i) 01 ABRI0 ot ot s
a portion of substrate 10 within a least a portion of first junction region 16; (2)
second opening 42 exposing at least a portion of gate 14; and (3) third opening 44
exposing a portion of substrate 10 within third junction region 18. The ILD layer 32
and stress layer 30 may be patterned by, for example, photomasking and reactive
ion etch (RIE) processes. Respective contact structures 34, 36, 38 may then be
formed within openings 40, 42, 44. Contact structures 34, 36, 38 may be

comprised of tungsten (W) or titanium nitride (TiN).

In one option, stress layer 30 is removed before the ILD layer 32 is formed

(for example, see the SMT discussion above).

The inventors have discovered that the use of overlying stress layer 30
improves the performance of LDMOS 26, that is, for example, the Ron is

decreased, the gm is increased and the Idsat is increased.

. Second example embodiment - dummy gates and stress layer
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LDMOS 66, source 56 is conprised of N type ions. The
source region 56 can have a dopant concentration

bet ween 5E19 and 2E21 atons/cc. Second junction region
70 may be an offset drain (low doped drain (LDD)) and
is formed within substrate 50 adjacent to gate 54 on
the opposite side from source 56 to a depth of, for
exanpl e, from about 100 to 50,000 angstroms. O fset
drain 70 is an N' offset drain. The offset drain 70
can have a dopant concentration between 1 E16 and 1
E18 atonms/cc. 15 Third junction region 58 may be a
drain region and is forned within substrate 50

dj

7o g8 9N 8 ey S5SNI 0! prosen
Er&enﬁoa_wﬁdreld roaieror rﬁ’emeddmmy@atmptrmtutmo@resalmmmﬁﬁ over the
(00 s Mk B eSS P B o BRL h siesegover s
&Q%dacsmtth@aﬁmmfgmbIan%ulbgtrét@rarfﬁﬂgmtdﬁdrbfahbwmg The
50 bel ow gate 54, source 56, P-well pick-up 62 and

stass layepBas apinkarest steass thataﬁwrt:scstlte@smé ﬁhamnelftmndera
Eméggaté.r re‘%ﬁﬁﬁg ARt islil éﬁ@?l 1 e g/ € doped

regi ons can have sane concen ange as
descri bed above in the first enbodi nent. A Forn1gate

and d ates Refer o fi in _ap. exer ry
ebodt Te Soh mexpmplach emoRgishet o e pisbeRbiavaRiEn, Shlovos
dBMMdluges SSbsitatd! 6D HaRgtEhte Rl @dthc fayerBd fofmsPHtrsdver o a

| ayer can be fornmed over the dielectric |layer a

and
Haeknassad. fop exampley e slowH@ @80 anastrems. Substrate 50 may be

comprised of, for example, silicon (Si), silicon germanium (SiGe) or silicon carbide
(SiC) and preferably silicon.

Gate dielectric layer 52 may be comprised of, for example, silicon oxide,
silicon oxynitride (SiON), HfO; or ZrO, and preferably silicon oxide.

First junction region 56 may be a source region and is formed within
substrate 50 proximate to gate 54 (and may be adjacent to gate 54 as shown in
Figure 5) to a depth of, for example, from about 50 to 10,000 angstroms. For an N-
LDMOS 66, source 56 is comprised of N type ions. The source region 56 can have

a dopant concentration between 5E19 and 2E21 atoms/cc.

Second junction region 70 may be an offset drain (low doped drain (LDD))
and is formed within substrate 50 adjacent to gate 54 on the opposite side from
source 56 to a depth of, for example, from about 100 to 50,000 angstroms. Offset
drain 70 is an N offset drain. The offset drain 70 can have a dopant concentration
between 1E16 and 1E18 atoms/cc.
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structures 60, 62. Alternately, the gate and dunmy
gates can be forned from different |ayers. Gate 54
may be formed over dielectric layer 52 to a thickness
of, for exanple, fromabout 500 to 5000 angstrons.
Gate 54 includes exposed sidewalls 55, 57. The gate
may be conprised of, for exanple, polysilicon,
polysillcon germanium cobalt silicide (CoSi2) or
nickel silicide (N Si) and preferably polysilicon.
Channel 25 is beneath gate 14. 16 At | east one dunmy
gate, or, for exanple, as shown in Figure 5 two
dummy gates 60, 62 are also fornmed over dielectric

I Vi
) cknend RlofiRedion ba oy be A RIPRITRN g R BrnBE WA

syhslrata\pdradigcaih apdutborid odfaﬁhquag'a?@io aaieptieof; farrexdmple, from
[ ure 6, an

okl R RS PSS BranheRifien: on

stress Iayer 80 havi ng an i nher ent stress is for med

over 5 exposed gate

si devvg)F‘fV% r %!V&J%w dsregipn) 68n bgfarmed agjacent and
IORERREA s¥Grce %ﬁ@%@eﬁh%"@k bRambR, ﬁohhéﬁ&ﬂﬁ)stocgooof%stroms

exanpl e, fromabout 20 to 5000  angstrons a
preferably from about 200 to 600 angstroms. Note that

usual | ' Tl) a or.nme
) e 1t LR850 Bl 4B S SOEER38, Prvel
fptok-wx 62phe bt leSist agriiary eff offfet train Tae aadepthlog fenéxample, from
% v it ress or an inherent tensile stress. For

PP %{9 ﬁ;r 8NostRMSt ress | ayer is preferably a
tensile stress

The doped regions can have the same concentration range as described
above in the first embodiment.

A. Form gate and dummy gates

Referring to figure 5, in an exemplary embodiment of the present invention,
gate 54 and dummy gates structures 60, 62 are formed. A conductive layer can be
formed over the dielectric layer and patterned to form gate 54 and dummy gates
structures 60, 62. Alternately, the gate and dummy gates can be formed from
different layers.

Gate 54 may be formed over dielectric layer 52 to a thickness of, for
example, from about 500 to 5000 angstroms. Gate 54 includes exposed sidewalls
55, 57. The gate may be comprised of, for example, polysilicon, polysilicon
germanium, cobalt silicide (CoSiy) or nickel silicide (NiSi) and preferably

polysilicon. Channel 25 is beneath gate 14.
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| ayer. Stress |layer 80 may be conprised of, for
exanple, nitride, silicon nitride (Si3N4) or a
silicon nitride/silicon oxynitride stack (Si 3N4/ Si ON),
and is preferably SiN Figure 6 shows an exanpl e of
the tensile stress 81 (arrow) in the substrate froma
tensile stress |layer 80. Stress |ayer 80 nay have a

t hi ckness of, for exanple, from about 450 to 550
angstrons and preferably about 500 angstrons. For
exanple, a tensile stress |layer 80 that has an

i nherent conpressive stress may produce a tensile
stress in channel 65 from about, for exanple, 1.8 to

6. 6 Mpaleaahon@temenypgate, bF,9on le Zadshicw®irDFiYbre 51tko
The stress ranges in the offset drain region 7 ma{m%is

AYrenyoates §0, 62 are alse farmed pyer diglggtsicdayeet2wwban g8

R Sney el 88 safie o 1T EE 8Bl B o gyhd matria
ausame lgyaras gabe 5ds $he duotrig gatedrcanrbeFioomed i tHéPSime step as
g}ﬁ(@)gﬂr m2.0 MPSto 3.0 region GPA GPA In the 2nd

gdCkent with dummy gates 60, 62, the tensile stress
may be increased in the offset drain region 70 from
about, for exanple, 1 to 100% The inventors have
di scolieFigdre fiadn exemplaey smbadimgnt @b thq Bessot ingention, a stress

Pé{}/%if 8bthavi émﬁlﬂgfeﬂt istrBUE {<OBrRAEd gbgr. éile[?gﬁﬁ: b{ers S kS 84,
| ayer 80 over the entire offset drain

exposed gate sidewalls 55, 57 and dummy gates 60, 62 (and their respective
exposed sidewalls) to a thickness of, for example, from about 20 to 5000
angstroms and preferably from about 200 to 600 angstroms. Note that usually
isolation regions (e.g., STI) are formed on the ends of the regions 58 and 62 (see

Figure 10A, for example).

Stress layer 80 may have an inherent compressive stress or an inherent
tensile stress. For N-LDMOS device, the stress layer is preferably a tensile stress
layer. Stress layer 80 may be comprised of, for example, nitride, silicon nitride
(SisN4) or a silicon nitride/silicon oxynitride stack (SisN4+/SiON), and is preferably
SiN.

Figure 6 shows an example of the tensile stress 81 (arrow) in the substrate
from a tensile stress layer 80.

Stress layer 80 may have a thickness of, for example, from about 450 to
550 angstroms and preferably about 500 angstroms.

For example, a tensile stress layer 80 that has an inherent compressive
stress may produce a tensile stress in channel 65 from about, for example, 1.8 to
6.6 Mpa, and preferably from about 2.0 to 6.0 Mpa.
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and drain region 58. Dummy gates under the SiN stress

| ayer
regi on.
under each dummy gat

put a tensile

stress on the offset

e and a tensile str

drain

A tensile stress is in offset drain directly

ess is in the

of fset drain under the SiN stress | ayer adjacent to

the gate. See Figur

es 10A and 105, for

exanple. 18

The tensile stress inproves the nobility in the offset

drai n region,

whi ch decreases the Ron so that the
dummy gates inprove the stress distribution over

t he

second junction region/low doped drain region/ offset

drain 70, inproving

t he

per formance of the LDMOS.

Dunmy gates create stress/strain in substrate to

I mprove device

Dumy gat e(s) 60,

(62) |

ncr eases the

st r esShastress swgedimthe oféggtanaindegios géonay haveaedensilestress of,

rfac

o

e ut it doe i ngcr
At Ptbegn, 4553 2Mde B TEs
tensile stress at offset drain region 70, but
shoul d not appreci ably aff
68blethcoganasisan joh srees inch
i mprovenent of channel

he st
Yenha

ect the stress
aRRE2 63m
mobi lity for
(62), the stres

ress in
nces the
it
under channel

Bedimedtabout t he

| dsat .

Wth the
s on the

help from dummy gate 60,

of fset drain region
i ncrease in offset d
is decreased. Accor

i1§' empodiveaht  whi ch
rain region's nobili
dingly with stress |

2% dsnbadiment — dummy
so the Ron

Eaé%tleSSO and

SHEBY irgafisat eibain ( 62)
i nproved. The stress

Rdiendue to the dumnCidA

tFiem floaliPSasd.don a

is increased at the
te stack

I Erdwe 210 MPS to 3.0
of fset drain
GPA

In the 2" embodiment with dummy gates 60, 62, the tensile stress may be

increased in the offset drain region 70 from about, for example, 1 to 100%.

The inventors have discovered that the use of dummy gate(s) 60, 62 assists

in the distribution of the stress from stress layer 80 over the entire offset drain 70

and drain region 58.

Dummy gates under the SiN stress layer put a tensile stress on the offset

drain region.

A tensile stress is in offset drain directly under each dummy gate and a

tensile stress is in the offset drain under the SiN stress layer adjacent to the gate.

See Figures 10A and 10B, for example.

18




60, (62). The gate stack 60, (62) increases the stress
beneath the stack 60, (62) as in |ike normal MOSFET
stress engi neering. Beneath the dunmy gate stack 60,
(62), it is the offset drain area. So the stress
increases at the offset drain area due to the dummy
gate stack. The foll ow ng paraneters influence device
performance. The density of the dunmy gates, the

wi dth of a single dumy gate, the spacing between

adj acent dummy gates, the spacing between the dunmy
gate to the original LDMOS gate and the spacing

bet ween the dumry gate to the drain are factors to

consi ggg téﬁbllfets}ﬁ‘:ésbgﬁbﬁ‘f\‘/bs'tmﬁﬁﬂllﬂy‘in fhe df%ef‘@rta?@réd@‘ WhICh

the height o gate w | same as
Hecrgases the Bohgorthat tgatd@mmy ohtas lmomﬂleeatlfe@a dlstrlbutlon over

RO BT oo b BERAP 8 BB Fplovin e

pbHEmMamyeesf the LDMOSr med over stress |ayer 80. |LD
[ ayer 82 may have a thickness of, for exanple, from
about 0.05 to 3.0 pm and preferably from about 1.0

mx@ gatab Q:YSatQaét?esr%‘}strh#ﬂﬂ A5StrSHe t8BpPrevE AeRidesed
materitals, Or oOXxlde

fornmed usi ng tetraet hyI orth05| licate (TEOS) and

P o oty SRSt a0 N e a8 ane Bfodk 5(ifRe} PR rddion 70
espwblw néarethé lsarfabd, kit stedowsi ran indrossy thel stresi gl char&inel 65.
an exe odi ne 0] ASQG present i nvent

H@mw@w(sh@ a(ﬁaybm%rs%esﬁa%? shiess ghptiast deginggdion 70, but i
5R6MM r‘fo@apﬁféc%bl?ﬂﬁ@étriﬁe %9e§§< BAgEMNéhatinel 68Sthe &ress inside
portion of substrate within at least a portion of
thagneljadriwirigsrabost thminggovement of channel mobility for Idsat. With the
help from dummy gate 60, (62), the stress on the offset drain region is improved,
which leads to an increase in offset drain region’s mobility so the Ron is
decreased. Accordingly with stress layer 80 and dummy gate 60, (62) the Idsat

and Ron are both improved.

The stress is increased at the offset drain part due to the dummy gate stack
60, (62). The gate stack 60, (62) increases the stress beneath the stack 60, (62)
as in like normal MOSFET stress engineering. Beneath the dummy gate stack 60,
(62), it is the offset drain area. So the stress increases at the offset drain area due
to the dummy gate stack.

The following parameters influence device performance. The density of the
dummy gates, the width of a single dummy gate, the spacing between adjacent
dummy gates, the spacing between the dummy gate to the original LDMOS gate
and the spacing between the dummy gate to the drain are factors to consider in
the instant invention. It is noted that the height of the dummy gate will be the same

as the height for original gate as they are patterned together.
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second openi ng 92 exposing at |east a portion of gate
54; and (3) third opening 94 exposing a portion of
substrate 50 within third junction region 58. ILD

| ayer 82 and stress |ayer 80 nay be patterned by, for
exanpl e, photomasking and reactive ion etch (R E)
processes. Respective contact structures 74, 76, 78
may then be formed wi thin openings 90, 92, 94. Contact
structures 74, 76, 78 may be conprised of, for
exanple, Wor TiN It is noted that optiona
openi ngs/ contacts can be forned over dummy gates 60,
62, but are not required. The inventors have

di scovered that the use of overlying stress layer 80
and dummy gates 60, 62, the performance of LDMOS 66

i s i njriBigeds 7 tihan d;xe,m;jlany ereledipient of the Resemtdnvention, an inter-

d the | dsat, i
e ERbeiric B65H ARy B it B8 Sb SRele BrehafdLBYavsr2 may
BEOS Q&ﬁlcﬁﬂi@ss@t friexbnipls] fRone abedt 0.06 W Beduino ahd ereforbly from
exanpl e. The du gate structures 60, 62 separate the

abeuist0 |tg9 & U'S'(ﬁtqu@rﬁactﬁ &4s|kbklayer @2 smay e cemprigREaf, for
€ a?fngr A togfg@“'o@\; -k AsteHSE NG Sidd ok e i ave"l’ft%'fhe))("bhhoﬁl icate

§tress engineering no
PEEDOS),nedl frgfarbblyioxident ors to dermnst rate the
ef fectiveness of this invention. The basic N LDMOS
device structure used for this sinmulation is shown in

Fi gur th 4n apfiork;itbd kereSs (ayet Iv renveddbaforgahes)D Idhee 82 is formed
simulation results with three cases (Sl Cont r ol

(fonexamate. see dae SMydiscegsionahoNe)gat es”), Stress | ayer
and Stress layer with dumy poly (dumry gates) are

In Figure 8, in an exemplary embodiment of the present invention, ILD layer
82 and stress layer 80 are patterned to form: (1) first opening 90 exposing at least
a portion of substrate 50 within at least a portion of first junction region 56; (2)
second opening 92 exposing at least a portion of gate 54; and (3) third opening 94

exposing a portion of substrate 50 within third junction region 58.

ILD layer 82 and stress layer 80 may be patterned by, for example,
photomasking and reactive ion etch (RIE) processes. Respective contact
structures 74, 76, 78 may then be formed within openings 90, 92, 94. Contact
structures 74, 76, 78 may be comprised of, for example, W or TiN.

It is noted that optional openings/contacts can be formed over dummy gates
60, 62, but are not required.

The inventors have discovered that the use of overlying stress layer 80 and
dummy gates 60, 62, the performance of LDMOS 66 is improved, that is, for

example, the Ron is decreased, the gm is increased and the ldsat is increased.
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depicted in lds vs. Vds plots in Figure 9, for
exanple. As shown in Figure 9, the 1ds for the
N-LDMOS in the saturation region are significantly
enhanced with the stress layer 30 (the first

enbodi nent - "Stress layer") and the |Ids enhancenent
in the linear region (the linear region is the |inear
section of Idvd curve), which determ nes Ron and gm
are significantly large wth the conbination of stress
| ayer 80 and dummy gates 60, 62 (second enbodi nent -
"Stress layer with dummy poly"). These results are
shown in Table 2 below. Specifically, Table 2 bel ow
lists exenplary values for Ron, gmand lIdsat for the
use of a silicon control LDMOS as a base |evel (1X)

(Si Cbhunmay patesHR0, 62 ean bemscie eany procese apd @satatial and are not

Iys td.on ( S [ -1g 0 dj

R G A R R e, SRS SORRSH™BS Bbarate o
istress Fyee88 floay tie subistrattufdy gate(s)). 21 TABLE 2
--------------- Ron gmldsat 1X 1X Si Control LDMC3

i X Stress Eager(l 1'~ i 0.93X 1.50X 1.17X enbodi nent)
... B Examples ___ giress layer & 0.60X 1.60X

Numeral simulations using a 2D TCAD simulator with a calibrated stress
engineering module have been performed by the inventors to demonstrate the
effectiveness of this invention. The basic N-LDMOS device structure used for this

simulation is shown in Figure 4 and Figure 8 (with two dummy gates).

The simulation results with three cases (Si Control (*Without stress layer or
dummy gates”), Stress layer and Stress layer with dummy poly (dummy gates) are
depicted in lds vs. Vds plots in Figure 9, for example. As shown in Figure 9, the
Ids for the N-LDMOS in the saturation region are significantly enhanced with the
stress layer 30 (the first embodiment — “Stress layer”) and the Ids enhancement in
the linear region (the linear region is the linear section of IdVd curve), which
determines Ron and gm, are significantly large with the combination of stress layer
80 and dummy gates 60, 62 (second embodiment — “Stress layer with dummy
poly”). These results are shown in Table 2 below.

Specifically, Table 2 below lists exemplary values for Ron, gm and Idsat for
the use of a silicon control LDMOS as a base level (1X) (Si Control), the first
embodiment of the present invention (Stress layer) and the second embodiment of
the present invention (“Stress layer with dummy poly”, i.e. stress layer with dummy
gate(s)).

21



Dummy Gate(s) (2nd enbodi nent)
------------------------- As shown in Table 2, the
first enbodi ment of the present invention has been
shown to decrease the Ron by about 7% increase the gm
by about 50% and increase the that by about 17% and
t he second enbodi nent of the present invention has
been shown to decrease the Ron by about 20% increase
the gm by about 60% and i ncrease the Idsat by about
50% C. Alternative enbodi ments. The teachings of the
present invention nay be applied to various field
effect transistors (FET) such as the exenplary high
voltage FETs illustrated in Figures 11A through 11 E
Figures 11 A through 11 E. show FETs over which a
IA%-@ZI ayer (30) and optional dunmmy gate
structure/structures (60/62) may be forned (with any
dunmy gate structures (60, 62) being forned over the

of fset drai n/draRorext ensi on/ deeghy 22 (douykdsatdoped

nlvidoned drain) dobed -drain-(
o] &—efath)—eaope a1

L dralnor deeplyidope SDD)
Sh&oatpl LAMOS sedénd junction reéF‘(on 20 canﬁTg:s a

of fset—source of drain region. kigure 11T F[Shows| an
exanpl e, where dummy gates and @ stress |ayer are

Shresedayeviet® t he | 0f9Pet Source (eIR0X DDD sodriéX pr LLD
SOLH?giﬂel%l atgd DDD|drain. For example, Figure 11A
e %8s an exenplary RF L having an of f set

daral n.

Stress layer & 0.80X 1.60X 1.50X
Dummy Gate(s)
(2™ embodiment)

As shown in Table 2, the first embodiment of the present invention has
been shown to decrease the Ron by about 7%, increase the gm by about 50% and
increase the Idsat by about 17% and the second embodiment of the present
invention has been shown to decrease the Ron by about 20%, increase the gm by
about 60% and increase the Idsat by about 50%.

C. Alternative embodiments.

The teachings of the present invention may be applied to various field effect
transistors (FET) such as the exemplary high voltage FETs illustrated in Figures
11A through 11E.

Figures 11A through 11E. show FETs over which a stress layer (30) and
optional dummy gate structure/structures (60/62) may be formed (with any dummy

gate structures (60, 62) being formed over the offset drain/drain extension/deeply
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Figure 11B illustrates an exenplary HV NFET havi ng
deeply doped sources/drains (DDD) adjacent the source

and drain regions. Figure 11C illustrates an exenplary
HvV PFET havi ng deeply doped drains (DDD) adjacent a
source and drain. Figure 11 Dillustrates an exenplary

HV NFET with deeply doped drains (or (offset source
and drains (LDD or DDD) adjacent a source and drain on
silicon-on- oxide (SO). Figure 11 Dillustrates an
exenplary HV PFET with offset source and drains

(e.g., deeply doped drains (DDD or LDD)) adjacent a
source and drain on silicon- on-oxide (SO). The

T, BoBEPALITEF i 80 E RoBSy PR AR iR RLDY Bbrof. The
Secerd furdtidn degiom 20daetieya pifeetidopycaiopaidin mg!@ms

(DDD), etc.) such as a LDMOS device or an HV FET
device. 23 Wiile a Si Ge substrate is a high cost

choi cEigune reRtshpwstdreexdmpie hivhesy derhimgdmated and awtess tdyer are
the present invention may be conbined wth such SI%B
mpad evesdhe stizetarniies (e- 1. IR0, 381HE® QD PRUE#d @R DDD drain
aspect of invention, the instant invention also

wor ks/ may be appli cabl e to P LDMOS devi ces. For

exanplFer exampimFigere A1Adbnyraies ianeexamplety Rky 6PM®S having an
t LDMOS. The tenants of the stress are applicable
loﬂ%%to?rﬁ"r}\l and P type devices. The channel stress and

the offset drain stress would be increased by using

the stress |ayer on the transistor pol and d
pol y Figure 11 |Ilustrates an exemplary IRV XIF%QII ﬁ'\aving AJG% doped

sources/drains (DDD) adjacent the source and drain regions.

Figure 11C illustrates an exemplary HV PFET having deeply doped drains
(DDD) adjacent a source and drain.

Figure 11D illustrates an exemplary HV NFET with deeply doped drains (or
(offset source and drains (LDD or DDD) adjacent a source and drain on silicon-on-
oxide (SOI).

Figure 11D illustrates an exemplary HV PFET with offset source and drains
(e.g., deeply doped drains (DDD or LDD)) adjacent a source and drain on silicon-
on-oxide (SOI).

The example embodiments can be used to make any type transistor that
has an offset source or drain (e.g., an extended drain, deeply (doubly) doped
drains (DDD), etc.) such as a LDMOS device or an HV FET device.
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gate. The only difference would be to change the
stress layer. As noted above, SMI can be used to keep
the stress on N LDMOS and use conpressive stress

| ayer to inprove the P LDMOS in the integration flow.
In yet another aspect, the dumry gate/stress |ayer
enbodi nent may be wused in conjunction with other NMOS
devi ces such as, for exanple, a NMOS transistor or
PMOS transistor. As illustrated in Figure 10A, in an
exenpl ary enbodi nent of the invention, a tensile
stress layer 30 (wth an exaggerated thickness) having
an internal conpressive stress creates a tensile
stress (shown as an arrow) in an underlying |ayer 10.
Figures 10S and 10C illustrate sinplified,
exagg@ileetSiGx sulpsttaty ista highnesst chbioeicngently, dénsi | e

R plri oo By Bt PLdom R ERNER Buabor HyRRkegyvith such
BiGeé 8gbdthitesd et dlsovah)r ess | ayer/wafer to bow as
illustrated in Figure 10C. 24 D. Related information

Lat eral doubl e diffused netal - oxi de-sem conductors

L , i . "
éeml? nﬁ(‘&é eth%tgé r?rg%ﬁ?égﬁggecteéﬂﬁ\?érﬁiohytH&lﬁggﬁﬁnventmn also

m nant position
wiotksl/inay biei apiplicabledg® LDMGIS deviees.rfamtiexafmpbeweeanay BEE a

[ fiers.for wreless se statiops and phone ..
BeRalzes SR 4tV %6 B LEIRR, 2R et of P L8 Hbpiicabie
rebdtarNrand @ typestevides! Tid chatiyel 3n@sp ane thaoifsatidagiestress would
The key to LDMOS/N- LDMOS devi ce E)rerfor mance

PRIG@TREhPY Uging the straes layauebitm rapsigier gelyigate and dummy poly
gate. The only difference would be to change the stress layer. As noted above,

SMT can be used to keep the stress on N LDMOS and use compressive stress
layer to improve the P LDMOS in the integration flow.

In yet another aspect, the dummy gate/stress layer embodiment may be
used in conjunction with other NMOS devices such as, for example, a NMOS

transistor or PMOS transistor.

As illustrated in Figure 10A, in an exemplary embodiment of the invention,
a tensile stress layer 30 (with an exaggerated thickness) having an internal
compressive stress creates a tensile stress (shown as an arrow) in an underlying
layer 10.

Figures 10B and 10C illustrate simplified, exaggerated, exemplary drawings
showing a tensile stress layer having an internal compressive stress that creates a
tensile stress in an underlying wafer urging the tensile stress layer/wafer to bow as
illustrated in Figure 10C.
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resi stance (Ron), the increase in transconductance
(gm and the increase of the breakdown voltage
(Bvdss). Conventional approaches for N LDMOS devi ce

i mprovenents, for exanple, have been centered on

scal ing down of both gate length (Lg) and offset drain
or | ow doped drain (LDD) |length and the LDD dopi ng

| evel . I nprovenents have been achieved by building an
N- LDMOS device on a strained Si/rel axed SixGel-x
epitaxial (epi) layer through nobility enhancenent in
t he channel and LDD region. However, the higher cost
associated with strained Si/relaxed Si xCGei _x ep

subst pat es ANy liMrRailon ting materials is a severe

drawback for commercial production. E. Non-limting
exanpl e enbodi nents G ven the variety of exenplary
enbodi nents of the present invention just described,

t he abatesalfiosiblg diffused meaaqumciﬁswratqoaﬁgc@rfo(hf}l\é@%eand for
gggrﬁl{[}lé‘%sbé%@ RA MBS @@ﬁ{{s t@i&vé BReR' ﬁ%%lh&t‘(@lﬁéﬂ% for

ed b cl al ns. e i nvention has
eaeblinghigh lvpltageigla pdwdeslio frequenayh( RFr)eirmlélaEefor (wweless
the preferred exenpl ary  enbodi nents..t her.eof w, |
pBCTR bERE ElBnS AT TRl rERRReLAPHc o I e, e to is
‘t)@ﬁbﬂﬁén@ %6§?$elidbllft)®éﬁd ﬁﬁﬂeﬂGﬁ@éﬁtég@Wfﬁﬂ(dﬁdﬂ_DM@S/N-
wi_t hout departing fromthe spirit and scope of th

LRSI dgicel RerfofMance THERVEBIass, afe INJAp Fedistion of on-state

I
T AR e ARG BB o o
ibeeakclonmdadtapghdBldssidest i nterpretation so as to

enconpass all such nodifications and simlar
arrangenents and procedures.

Conventional approaches for N-LDMOS device improvements, for example,
have been centered on scaling down of both gate length (Lg) and offset drain or
low doped drain (LDD) length and the LDD doping level. Improvements have been
achieved by building an N-LDMOS device on a strained Si/relaxed SixGe1
epitaxial (epi) layer through mobility enhancement in the channel and LDD region.
However, the higher cost associated with strained Si/relaxed SixGe1.x epi
substrates as N-LDMOS starting materials is a severe drawback for commercial
production.

= Non-limiting example embodiments

Given the variety of exemplary embodiments of the present invention just
described, the above description and illustrations show not be taken as limiting the
scope of the present invention defined by the claims.

While the invention has been particularly shown and described with
reference to the preferred exemplary embodiments thereof, it will be understood

by those skilled in the art that various changes in form and details may be made
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26 What is clainmed is: 1. A nmethod of fabrication of a

sem conduct or transistor conprising the steps of:

providing a substrate; formng a gate over the

substrate, the gate has first and second sides; said

gate has a channel under the gate; formng a first

junction region in the substrate on the first side of

the gate; the first junction region has a first

dopant concentration; formng a second junction region

in the substrate adjacent the channel; the second

junction region has a second dopant concentrati on;

forming a third junction region in the substrate
Mthageddpatilyy ABAOME dpiCAridPstdpRIbIARe aREAIBACR G RMitdHded to cover
fromthe second side of the gate; the third junction
vadpusnmadificatians ard gplaitareeaementsaned progaserese @ddhe scope of

C c :
HEEPherfRB AR HepoRt sholfd R GRorke i BfbciBs fbrbitation so
Bb¢o Bhcarhpassdalt uichdmiodificatians amdgintlas arrangermentsi argl procedures.
stress layer over the substrate and over the gate, the
stress |ayer creates a stress in the channel and in
the second junction region. 2. The method of claiml1,
further wherein the sem conductor transistor is a
LDMOS, P LDMOS, N LDMOS, RF LDMOS, HV FET, HV FET SO,
high voltage field effect transistor, or a field
effect transi stor having an offset source and/or

26



of fset drain. 3. The method of claim1, further
conprising the steps of: formng a dielectric |ayer
over the substrate wherein the gate is formed over
the dielectric layer; 27 formng an inter-|evel
dielectric (ILD) layer over the stress |ayer;
patterning the ILD | ayer to expose: i) a portion of
the substrate within the first junction region; ii) a
portion of the gate; and iii) a portion of the
substrate within the second junction region; and
form ng respective contacts within the patterned |ILD
Iayer at the exposed first junction region, the
nd the exposed second junction region.

ggﬁgﬁﬁgégof claim1l1, wherein the first, second

and thlrd junction regions are N-type and the stress

Iae ress exerts a.ten
JoelBnbrodiRatin e e S e s B T dngi e Seps ot

secondprowd]hg@rsubeﬂawl 5. The rret hod of claim1,

mhereln the first, second and third junction regions

are PIArp1Rg a9ate Aeerdhesubsiraigethe; gt hag tpytang speond sides;
stress | ay@éldtdé?é h8X&'drsinfel GURES §h ,}\ée stress on the

channel and a “conpressive stress on é second
j unct i tormirgya dirst Jmct‘énereg'@nhome){;uhstmtemm thefiest side dfiilee gate;

ratio of t of the second j nct '.on. to
{he 1 engt hUG M ERENEITHah B85 Rafs dbB0! Shesnighon
The nefdraingé setendijuhctibnFédien irheubstra® adjecéaritale ehannel;
formng at | east one
the second junction region has a second dopant concentration;
forming a third junction region in the substrate adjacent the second
junction region and spaced apart from the second side of the gate;
the third junction region has a third dopant concentration; the second
dopant concentration of the second junction region is less than the
first and third dopant concentration of the first and third junction
regions; and
forming a stress layer over the substrate and over the gate, the stress
layer creates a stress in the channel and in the second junction

region.

2. The method of claim 1, further wherein the semiconductor transistor is a
LDMQOS, P LDMOS, N LDMOS, RF LDMOS, HV FET, HV FET SOlI, high voltage
field effect transistor, or a field effect transistor having an offset source and/or
offset drain.

3. The method of claim 1, further comprising the steps of:
forming a dielectric layer over the substrate wherein the gate is formed over
the dielectric layer;
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dummy gate over the second junction region, the stress
| ayer also is fornmed over the at |east one dumy
gate. 8. The method of claim 1 which further
conprises: the first junction region is a source
region; said second junction region is an offset drain
region; said third regionis a drain region; 28
formng a fourth junction region in the substrate

adj acent the source region and adjacent the first
side of the gate; said fourth region is a offset
source region; the fourth junction region has a forth
dopant concentration; the fourth dopant concentration

of t hesdraiiid Bn w@.crevem.ere%mcocwﬁaymérwsﬂass %kéﬁt

dopant concentrations of the source region.
met hod pafteraing the 1L Dkyardo expbse:st ress | ayer cr eat i ng a

that 1s ¢ DohrTBr g ditale S aRIRE et MHRTekER: of

clai m 1, Wher eapottiom dfitheigateyraerdi on region i s adj acent
theflrst side of  the 11. A nethod of . ] )
fabricati B ofROFHONLE. tg%SHESE%tﬁiVEB}HHE@t%ﬁCO@Q\JPQFé‘On region; and

conpri ghipging hespetti®d eoMactsPli@th %é‘ﬁal@erﬁé@%ﬂ)q‘éf‘er at the exposed
formng a gate over the substrate, the aate has f

firal jenation degiptetbe exposed gats and therekpose seganed JUHCtIOﬂ reglon

4. The method of claim 1, wherein the first, second and third junction regions are
N-type and the stress layer is a tensile stress layer that exerts a tensile stress on

the channel and a tensile stress on the second junction region.

5. The method of claim 1, wherein the first, second and third junction regions are
P-type and the stress layer is a compressive stress layer that exerts a
compressive stress on the channel and a compressive stress on the second
junction region.

6. The method of claim 1, wherein the ratio of the length of the second junction

region to the length of the channel is from about 1 to 20.

7. The method of claim 1, further comprising the step of forming at least one
dummy gate over the second junction region, the stress layer also is formed over
the at least one dummy gate.

8. The method of claim 1 which further comprises:
the first junction region is a source region;
said second junction region is an offset drain region;
said third region is a drain region;
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formng a source in the substrate proximate the first
side of the gate; the source having a first dopant
concentration; formng a body sinker in the substrate
spaced apart fromthe first side of the gate; formng
an offset drain region in the substrate adjacent the
second side of the gate; the offset drain region
havi ng a second dopant concentration; formng a drain
in the substrate adjacent the offset drain region and
spaced apart fromthe second side of the gate; the
gate having a third dopant concentration; the second
dopant concentration of the offset 29 drain being

| t . i ; i r.d. A i .
the. sionmung's uPhungfith fetiod i Ao ABCRRAceR W o lroe region
t he subst r an@ adjadenMbe firstssidambéthelgate;Tduid foetrihaegivh is a offset

laim 11, further . i.sing.the st formi ng a
of fset sourtutsrabfaRe uftl nsfiod rédeRha AJOYAREPaRy
t he sour cecomgingratiost e ffouirth B8pamtecohicEfPatidniofehe ‘Pdiﬁfhljunction

said offset source region. 13. The nethod of claim 11,
further coffgi9nsisigss thandhe fisstodopand canegnteations of the source
inter-| eve}egqi(gﬁal ectric (I LID) layer over the stress

| ayer; patterning the ILD |ayer to expose: i) a
portion of the substrate within the source; ii) a

B.OHu'a ?ﬁ‘et%d toP gla%% ?\;Nhgpeqn the stress layer creating a stress in the channel

and the second junction region that is from about 1 Mpa and 3 Gpa.

10. The method of claim 1, wherein the first junction region is adjacent the first
side of the gate.

11. A method of fabrication of a metal-oxide-semiconductor device; comprising the
steps of:
providing a substrate;
forming a gate over the substrate, the gate has first and second sides; a
channel is under the gate;
forming a source in the substrate proximate the first side of the gate; the
source having a first dopant concentration;
forming a body sinker in the substrate spaced apart from the first
side of the gate;
forming an offset drain region in the substrate adjacent the second
side of the gate; the offset drain region having a second dopant
concentration;
forming a drain in the substrate adjacent the offset drain region and
spaced apart from the second side of the gate; the gate having a third

dopant concentration; the second dopant concentration of the offset
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iii) a portion of the substrate within the offset
drain; and formng respective contacts within the
patterned ILD | ayer at the exposed source, the
exposed gate and the exposed offset drain; the stress
| ayer creating a stress in the channel and in the

of fset drain of fromabout 3 Mpa and 3 Goa; the ratio
of the length of the offset drain to the length of the
channel being fromabout | to 20. 14. The nethod of
claim1l, wherein the source, offset drain and drain
are NNtype and the stress layer is a tensile stress

| ayer that exerts a tensile stress on the channel and

a tensil eqrald 1858g %sttﬁgn He met afd ?r\u‘& dopant EBﬁcéﬁ??gﬂBﬂ of the

of claim1ll, wherein the source, offset drain
drain ar esqwceg/p@d d@id, ante stress layer is a

S TRee ™S fHFmRly" € Slecs ke AR g FheF SBO TRRERE ey e
offset drain. 30 16. The et hod of claim 11, further

§8eTts Rueifod aF gainasriuther é”qz”w%ru%ﬁa?%%%%tem?&%%ﬁégl ffset source
e SuBsFaRIadlasiTibe ga&eeaﬁa e §@ur€e P&disRla pur ce

region; and form ng e stress layer over t e dumy
fpamming the strss Imrmer saidaiftsetrsqurcefregioher conpri si ng
the step of formng at | east one dummy gate over the
of fset drain, the stress |ayer also being formed over
1 8eTlae mdtieadof daien dunfapthgatempising Ahe stsps @ftduct or

devi Cl%rmlngngn m%er-l%vel dielectric (ILD) layer over the stress layer;
patterning the ILD layer to expose:
i) a portion of the substrate within the source;
i) a portion of the gate; and
iii) a portion of the substrate within the offset drain; and
forming respective contacts within the patterned ILD layer at the exposed
source, the exposed gate and the exposed offset drain;
the stress layer creating a stress in the channel and in the offset drain of
from about 3 Mpa and 3 Gpa;
the ratio of the length of the offset drain to the length of the channel being
from about 1 to 20.

14. The method of claim 11, wherein the source, offset drain and drain are N-type
and the stress layer is a tensile stress layer that exerts a tensile stress on the
channel and a tensile stress on the offset drain.

15. The method of claim 11, wherein the source, offset drain and drain are P-type
and the stress layer is a compressive stress layer that exerts a compressive stress
on the channel and a compressive stress on the offset drain.
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a substrate; a gate over the substrate, the gate
having first and second sides; a first junction region
in the substrate on the first side of the gate; the
first junction region has a first dopant

concentration; a second junction region in the
substrate on the second side of the gate; the second
junction region has a second dopant concentration; a
third junction region in the substrate adjacent the
second junction region; the third junction region
having a third dopant concentration; the second
dopant concentration of the second junction region
being |l ess than the first and third dopant
concentration of the first and third junction regions;
aifd The snetbed of elpim 13y urthen eospiisingdhe smwofdoamlng taan offset

e A L RS ot P e

sfermmmgactumhmy gdty beer wid offeétraclifce ifeglidm%fndcormfl sing a
(¥| el ecltlrl c layer over the substrate whereby the gate

amyie Gtﬁée%'@}'%rc?\ﬁréhMy@my@qtezo The seni conduct or
deV| ce of claim 18, further conprising an inter-|evel
dielectric |l ayer over the stress |layer, the patterned

it éhe neatiaod c%/ elaisa t1ri turthey eompriaingribe steyf offetmiogentieast one

7845 ol o 5 e bRUBTGHRE R e o
rlm}it@ne dalmmy:gaté.Openl ng in the patterned int er-I evel
dielectric | ayer exposing a
18. A semiconductor device, comprising:
a substrate;
a gate over the substrate, the gate having first and second sides:
a first junction region in the substrate on the first side of the gate; the
first junction region has a first dopant concentration:;
a second junction region in the substrate on the second side of the gate; the
second junction region has a second dopant concentration;
a third junction region in the substrate adjacent the second
junction region; the third junction region having a third dopant
concentration; the second dopant concentration of the second
junction region being less than the first and third dopant
concentration of the first and third junction regions; and
a stress layer over the substrate and over the gate, the stress layer creates

a stress in a channel and in the second junction region.

19. The semiconductor device of claim 18, further comprising a dielectric layer

over the substrate whereby the gate is over the dielectric layer.
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portion of the gate; and a third opening in the
patterned inter-level dielectric |ayer exposing a
portion of the substrate within the second junction
region; first contact wthin the first opening
exposing a portion of the substrate wthin the first
junction region; a second contact within the second
openi ng exposing a portion of the gate; and a third
contact within the third openi ng exposing a portion of
the substrate w thin the second junction region. 21.
The sem conduct or device of claim 18 which the

sem conductor device is a LDMOS, P LDMOS, N LDMOS, RF

Em sEMiddndluctdy d&lced clalfn ), hy QPretPé\?ﬂ <% ISIF‘I Sh%ter-level

transistor, or a fie SIS havi
dielefdtfic Byes owerdhe@treeslm thd ipatternezid nteT-Hlevel dlelectrlc |ayer
e conductor device of claim 18 wherein the ratio of
ﬁﬂ%’npength of the second junction region to the

| engt B fipdt ddéﬁlrﬂ(?‘iﬂﬁﬁé'pattérrfeﬂqmeailwél dibldc¥ricayeP8xpobiy a portion

sem conductor device of claim18, wherein the stress
phihersubstrate withigithe fisstjunatione@ipnt hat exerts a tensil e

stresg 3%605@8 Qﬁiﬁg i lth@@é’ttérﬁ@d |n°t§r°I%0 I dlleéE{rlcquérengpgglng a

or 32 a conp e str ayer
poﬂmnelfﬂhagam: eads on the channel and t he second

Jlgnct 'a?ﬁlﬁ(ipg%raﬂgﬂn ﬁ’en%ar}gerﬁﬁénf{ﬁérqlgvglgcg Iegﬁél Igf/eeroefxpglsmlg a portion
of the substrate within the second junction region;

first contact within the first opening exposing a portion of the substrate
within the first junction region;

a second contact within the second opening exposing a portion of the gate;
and

a third contact within the third opening exposing a portion of the substrate

within the second junction region.

21. The semiconductor device of claim 18 which the semiconductor device is a
LDMOS, P LDMOS, N LDMOS, RF LDMOS, HV FET, HV FET SOOI, a high voltage
field effect transistor, or a field effect transistor having an offset source or offset
drain.

22. The semiconductor device of claim 18 wherein the ratio of the length of the

second junction region to the length of the channel is from about 1 to 20.
23. The semiconductor device of claim 18, wherein the stress layer is:

a tensile stress layer that exerts a tensile stress on the channel and the

second junction region; or
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gate and whereby the stress |ayer produces a tensile

stress or a conpressive stress in the channel. 25.

The sem conductor device of claim 18, further

conprising a channel under the gate and whereby the

stress |layer produces a tensile stress of from about

1.8 to 6.6 Ma in the channel. 26. The sem conduct or

device of claim 18, further conprising a channel under

the gate and whereby the stress |ayer produces a

tensile stress of fromabout 2.0 to 6.0 Mya in the

channel . 27. The sem conductor device of claim18

whi ch further conprises formng a offset source

regio

oo SRR BRSO P EREts B CBRPNSHTS {Edsh Al thannl

aoditbe seeyidjunttion regiaswer dopant concentration than

the source region. 28. The sem conductor device of

claim 18, whereby the LDMOS device is an N LDMOS

devThe semiconButtoMdeviteyvoicgain? 98, fliRReSEITh SRS1AY 'étdhhnnel under the

devi ce of claim 18, whereby the LOMOS device is an

9@?% wrskwherabydhe stresplayer er%weé @dengtecﬁtrwr@ecwpresswe
etrakdn Eﬁﬁaer conprising at | east one dummy gate

over the su trate over the second junction region;

the stress layer also being over the at |east one

. 1, d f. cla
I I3l ool M B AT A HaRE b oo a3 B i under the
vatehamd ivherebgane dirbse Riyep PracR@ed 3 tehsie StkERSSF floty Qbout 1.8 to

al so bein
6.6 Mpa in tlge channel.

26. The semiconductor device of claim 18, further comprising a channel under the
gate and whereby the stress layer produces a tensile stress of from about 2.0 to
6.0 Mpa in the channel.

27. The semiconductor device of claim 18 which further comprises forming a
offset source region in the substrate adjacent the source region and adjacent the
first side of the gate; the offset source region has a lower dopant concentration
than the source region.

28. The semiconductor device of claim 18, whereby the LDMOS device is an N-
LDMOS device or a P-LDMOS device.

29. The semiconductor device of claim 18, whereby the LDMOS device is aﬁ N-
LDMOS device.
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over the two dummy gates. 32. The sem conductor device
of claim 18, wherein the first junction region is

adj acent the first side of the gate. 33. A

sem conduct or device conprising: a substrate; a gate
over the substrate, the gate has first and second
sides; a source in the substrate proximate the first
side of the gate; the source having a first dopant
concentration; an offset drain in the substrate

adj acent the second side of the gate; the offset
drai n having a second dopant concentration; a drain in
the substrate adjacent the offset drain; the drain

B@VTHQ s@middnttctod ARAide Mélﬁm 8 FLirRsy cdn'i‘;ﬂ'ls'iﬁ‘gj: Sf‘@ast one dummy
ant concentration of the offset drain is |ess tha

gverdhe gubstraie oyethsaaCcODd yationaegion; e stiess Iayer also being

%{tﬁgaﬁq”@asqgﬂé%uﬁﬁﬁkg% and a stress |ayer over the

e and ove gate, the stress layer creates
a stress in the channel and in the offset drain. 34.

t d f jm 33 further conprises
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32. The semiconductor device of claim 18, wherein the first junction region is

adjacent the first side of the gate.

33. A semiconductor device comprising:

a substrate;

a gate over the substrate, the gate has first and second sides;

a source in the substrate proximate the first side of the gate; the source
having a first dopant concentration;

an offset drain in the substrate adjacent the second side of the gate; the
offset drain having a second dopant concentration;

a drain in the substrate adjacent the offset drain; the drain having a third
dopant concentration; the second dopant concentration of the offset
drain is less than the first and third dopant concentration of the
source and drain regions; and

a stress layer over the substrate and over the gate, the stress layer
creates a stress in the channel and in the offset drain.

34. The semiconductor device of claim 33 further comprises
a offset source in said substrate adjacent said first side of the gate and the

source; said source is spaced apart from said gate.
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source; said source is spaced apart fromsaid gate; a
dumy gate over said offset source; the stress |ayer
over said dummy gate. 36. The sem conductor device of
claim 33, wherein the ratio of the Iength of the
second junction region to the length of the channel is
fromabout 1 to 20. 37. The sem conductor device of
claim 33, further conprising a channel under the gate
and whereby the stress | ayer produces a tensile stress
or a conpressive stress in the channel. 38. The

sem conduct or device of claim 33, which conprises the
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@svrﬁs seﬂﬂ@oﬁdm&ydéﬁldWclﬁﬁﬁ§§ﬂJrﬂ‘Féi“ctonfgri%\%t he gate.
. The

sem conductor device of claim3 ereby the
LDI\/DSaMet:sourse imsaid sUbMCEe dsjacant said firstside of the gate and the

G0 B Sulfse S yaa® podl MR i ace w thin the -

of f set dihany gatgo s saldeffsdtisearcd; ayer al so is over

the at |east one dummy gate. 41. The sem conduct or

devi ctheodt reﬁsal?mr@/%ehdé#wmw&aé%m conduct or

transistor is a LDMOS, P LDMOS, N LDMOS, RF LDMOS, HV
FET, HV FET SO, a high 35 voltage field effect
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37. The semiconductor device of claim 33, further comprising a channel under
the gate and whereby the stress layer produces a tensile stress or a compressive
stress in the channel.

38. The semiconductor device of claim 33, which comprises the LDMOS device is
an N-LDMOS device or a P-LDMOS device; and

a body sinker spaced apart from the gate.

39. The semiconductor device of claim 33, whereby the LDMOS device is an N-
LDMOS device.

40. The semiconductor device of claim 33 further comprising at least one dummy
gate over the substrate within the offset drain region; the stress layer also is over

the at least one dummy gate.

41. The semiconductor device of claim 33 wherein the semiconductor transistor is
a LDMOS, P LDMOS, N LDMOS, RF LDMOS, HV FET, HV FET SOlI, a high
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voltage field effect transistor, or a field effect transistor having an offset source
and/or an offset drain.
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