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1) Field of the Invention
This invention relates generally to fabrication of semiconductor devices and
more particularly to a lateral double diffused metal-oxide-semiconductor (LDMOS)

and the fabrication of sa7me.

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 maobility 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 influences the performance
and reliability of MOS devi ces. 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 devices. Tensil e stress may be obtained by form ng
a nitride etch stop to create stress (that translates to strain in the
underlying silicon) in the channel of a MOS device. Device nobility has
been extensively studied by introducing strain in the channel. One such
technique is the use of contact etch stop nitride |ayer as a stressor. To
achi eve i nblechasidabstrass indhe ehanngl segion markedly dfluenees thsbperfarmangg and

vel ocity, thi r nityd de . ers may be used to neet higher, specified
LBy of g 6ateY

stress lev ent nethods of produci ng sem conductor device
can be further inproved upon. The i nmportance of overcom ng the

various deficiencies noted above i s evidenced by the extensive .
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consi der i néjim frethedabrivdtiog. of MOS devig®s2006/ 0009041A1 to Iyer, R S. is
entitled Silicon Nitride FilmWth Stress Control. US 2005/ 0266632A1
to Chen, Yun-Hsiu is entitled Integrated Circuit Wth Strai ned And

Non- Strai ned Tr Zieasiki stress nayl bdeblaited by Farmiing g nitnide @béh stop to creatd). S.

Patent No. 6, 828, 628 to He other, John.M chael. .i titled D d MOS
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channel. One such technique is the use of contact etch stop nitride layer as a

stressor. To achieve increased drive 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 importance 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.



US 2005/ 0221566A1 to Curell o, G useppe is entitled Enhancing Strai ned

Devi ce Performance By Use O Miulti Narrow Section Layout. The article
entitled "H gh Frequency Power LDMOS Technol ogi es For Base Station
Applications Status, Potentials, And Benchmarking,” to G M, et. al., |EDM
Tech. Dig., pp 373 - 375, 2005. The article entitled "Hi gh

Per f ormance RF Power LDMOSFET's For Cellul ar Handsets Formed In

Thi ck-Strai ned-Si/ Rel axed-Si Ge Structure," to M Kondo, et. al. | EDM Tech.
Dig., pp 377 - 379, 2005. The article entitled "Mbility Enhancenent:
The Next Vector To Extend More's Law," |EEE Grcuits & Device Magazi ne,
pp. 18- 23, SeptiSJtatgoNo. 6,848:628\0 btergerrotheradahnddichael is enfile® of t he

method o RUTPRY e ng 68 HErSpbmedktoh PR R ANE MRS O Lt o

(LDMOS) usBamer stress layer which is characterized as follows. A exanple
met hod of formng a transistor conprises the follow ng steps. A gate is
formed over a substrate and a channel is formed under the gate. A first

j unction regi onykaan0XOGREINAY td FRallt RegECREiAbY Techsiqhes FBECDairaat e one
side of the gate. A second junction regiron having a second dopant
concent r at ContrpkIniRewerdl raapistosileviens. opposi ng side of the gate. A third
junction region is forned having a third dopant concentration is forned

adj acent the second junction region and spaced apart fromthe opposing side
of the gate. ThUSS2005QR2AG6SA to Gurelid, rGitiseppe is dndiled Emaanting Stiairesd dopant

concentration. a LS |less n hird dopant concepntration. A stress
| ayer is fppwézgrycﬁ;@mlangegy[)@ﬁ é{']gﬂuith aHQ&’rg?ﬂE’ YUThe stress |ayer
creates a stress in the channel and in the second junction region.

In an aspect, the sem conductor transistor is a LDMOS, P LDMOS, N LDMOS, RF
LDMOS, HV FET, Ehe/apicie edfittedhiHigh Feaquegey Powed LEM@S(Tachanlogiasdror Bases
field effe r iy j I frget tdLai n.

| n anot herggasﬁggct Iﬁéﬁéﬂs{ﬁo@?tﬁ%@ﬁ%?&f?ﬁ@%ﬁ@?ég o'fm b?tinéﬁ’g at | east
one dunmry =DM Teobr Didiepp 828rd375%200bon regi on, the stress layer also is
formed over the at | east one dummy gate. Anot her exanple enbodinent is a
sem conduct or device conprising: a substrate;

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.



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 |ayer over the substrate and
over the gate, the stress layer creates a stress in the channel and in the
of fset drain. An aspect further conprises at |east one dumy gate

over the substrate within the j ign: the stress layer also is
Bl $Pis hEhEEe

over the at |east one dumy g conprise structures of
t he exanpl e enbodi nents. The exanpl e enbodi nents are defined by the
specification aggmfei c;}‘%le %xziargn%ijeegm%&im%sﬁts of the present invention provide a

structure and a method of manufacturing a lateral double diffused metal-oxide-

semiconductor (LDMOS) using a stress layer which is characterized as follows. A

example method of forming a transistor comprises the following steps. A gate is

formed over a substrate and a channel is formed under the gate. A first junction

region having a first dopant concentration is formed proximate one side of the

gate. A second junction region having a second dopant concentration is formed

adjacent the opposing side of the gate. A third junction region is formed having a

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 SOI, 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;



The above and bel ow advantages and features are of representative

enbodi nents 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 clains, to be considered limtations on the invention as defined by
the clains, or limtations on equivalents to the clains. For instance, sone
of these advantages may be nutually contradictory, in that they cannot be
simul taneously present in a single enbodinent. Simlarly, sonme advantages

are applicable to one aspect of the invention, and i naci)é)l icable to others.
Furt hernore, cepnaffisebdiaétindhefsubsicatelagjansit the/senondsideoktha@atesdbe

di scussed herein. Ho M ailQ d 0f e regardi ng those

di scussed herein rel %eaedr?'gq}dr\’g@eé E(Q)?&@?Q%ﬂsngggﬁ%%@aﬁ@nbt her than for

pur poses of spaaeairaindn tieslsghsicate agcent the.offEbtidrain; the deaimhaving af thfrdat ur es
and advant ages shoul d not be consjdered dispositive in deternpin

equi val ence.  Addi ti gﬂ%@”tfcé’ﬁf’_ﬁ'?té%t'%nB‘%Wég’@@"g?o'?q?@?ﬁahwérF?f ﬁ@r&(ﬂefl
beconme apparent in tagh @ lbS¥HH tHE FiFstididi thitd dopant ddiReHfradestheand from
the clainms. Brief Description of the Draw ngs The features and
advant ages of a semni sewrgéa@ndrdraidvegionacard ding to the present invention and
further details f ' ' ] device in
accordance wt hatosrft{gg%?é sgg)t%f ﬁge%@?grﬁfe\;“éﬁ‘%éerlﬁ%lggtezl‘?l’é%%ﬁ?%@dl% g’i stood from
the foll ow ng descri pteates & alress inrthe ehponeltananinthée bffsétedrainconpanyi ng
drawings in which like reference nunerals designate siml or

cor r espondi ng e?‘@rﬁa’ﬁ’?@gt, frurtgar EEPLsRP HdPesiane %ﬁﬂ"\y@%%?ﬁhe substratg; 1 es 1

through 4 Qiirfthesifseeatdi® AfioryitRYStrESS Idykt HEbNISbIERha diRideeené dummy
fabricating a MOS Tx according to an first exenplary enbodi nent of the

present in@ak&i on. Figures 5 through 8 are cross sectional views for
illustrating a method for fabricating a MOS Tx according to an second
exenpl ary enbodi nrent of the present invention. Figure 9 is a graph

illustrating seDtiotresmbogimenésicarnprige steudtatescf tid exarapiel embodidieDs.
crbodi rent s o KRS et I e deten LR RAT AR TR o e
of the preggubdici@ati on illustrating the stresses.

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.



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

| ayer overlying a wafer. Figure 100 is a schematic cross sectiona
view illustrating cross sectional view of a tensile stress |ayer over a
LDMOS according to an exenpl ary enbodi nent of the present invention.
Figures 10D is a cross sectional view of an LDMOS device in accordance with
the first enbodi nent of the present invention illustrating the relative
stresses within the wafer wi thout the use of dunmy gates. Fi gures 10E
is a cross sectional view of an LDMOS device in accordance with the first
enbodi rent of the present invention illustrating the relative stresses

wi t hi n t heAdditiopalfieatvures and advantagesmi thgdmeention will beppggrapparant in thel 1€ are
schemati c i i i i nplary structures

w th ani chiORARE S ieh ofife brawias HidomiEbiaterE! oY Fi gure
11F shows an exanpl e, where dummy gates and a stress |ayer are forned over
the LDD or DDD Source (offset source or LLD Source) and DDD drain.

Det ai | ed Description of the Exanpl e Enbodi nents The exanpl e

enbodi ments of the present invention will be described in detail with
reference to the acconpanyi ng drawi ngs. The exanpl e enbodi nents provi de an
i nproved MOS transistor and a nmethod of fabricating the sane.



Bel ow are exenpl ary descriptions using N-LDMOS devi ces enploying tensile
stress layers. However, it is noted that the exenplary enbodi nents are
equal |y applicable to P-LDMOS devices (or other type device) enploying
conpressive stress |ayers. The exanpl e enbodi nents are applicable at |east
to MOS transistors (Tx)/field effect transistors (FET) having offset drains
(e.g., drain extensions, deeply doped drains, doubly doped drains) or the

| i ke. Defined Terns A tensile stress |ayer exerts a tensile stress
into the underlying layer. A tensile stress |ayer therefore has an inherent
(internal) conpressive stress. A conpressive stress |ayer exerts a

conpressive stress into the underlying layer. A conpr essi ve stress | ayer

therefore has an inherent (BP%??&H'BE@ fltﬁeﬁrragﬁ .First exanple

enbodi nent Figures 1 [ rs exerrpl ary enbodi nent of
t he present invention wherein a stress layer is fornmed over the substrate

and gate of an The str er. that exerts stress into channel
under a (I ateral %P’@S(ﬂr\df ?ﬂ%&ﬂf %%8’8'&08%@%6?30 ﬂ'Bﬂ'ﬁ% te. The
resul ting pfdsent iMveniich Ahd Hﬁftfe@ﬁ@ﬁblllsfbf Bl (SHHEEssof fabrlcatlng stichHt ype LDMOS (N
LDMOS) is illustrated but the enmbodinment is not limted to n-type or LDMOS

devices.  semicordyetoe device in apcassiangs witly therBreseRisiyerfion wi %@s%ﬂeaﬂy
i nvention, gl fMSaf thd' Rl |glsﬁ§;§)§§l—?}>géﬁ?alée% P%\Sh@%gﬁné h@ﬁtﬁ ¢ layer 12

forrredthereover toathic r exa Oto 2000
angst r ons. aScdmsparafingg dﬁawmgs lneNhioI'ntiké sefdranfce ﬁwmerab&dnshgnate sinmiwr (Si ),

SiGe, or SiC and tefeI ¥ i con subs an be a silicon on
i nsul at or PYHIFPAGHEG F'EMENtS, reglon%apg DHﬁLQn&ﬁ g VYe'H 12 may be conpri sed

of, for exanple, silicon oxide, silicon oxynitride (SlO\I), Hf 02 or Zr02 and

preferably silicon oxide.
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.



Gate 14 is forned over the gate dielectric layer 12 to a thickness of from
about, for exanple, 500 to 5000 angstrons and preferably about 2000
angstrons. Gate 14 includes exposed sidewalls 15, 17 and rmay be conpri sed
of, for exanple, polysilicon, polysilicon germanium cobalt silicide
(CoS12) 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 proxinmate to or close to gate 14. The first
junction region may be adjacent to gate 14 as shown in Figure 1 or spaced
fromthe gate. Proxi mate nmeans cl ose to, Proxinmate can nean adjacent to or
spaced from ThEigure $0Cjisiacchematiegrass sestional Vv dinstratingpress seelional he gate
as illustrated

5 e e Vi lesS HRess el b7 LAMS accordinh G SR (20067 ©"

angst r ons. efmodinent-df i Predent BRBAteh.16 i s 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 offset drain (low
doped drain (LI @i’oms5%63%%&.5%:3@»%%%@0@@@ RHiRORHocbRIatigs e 14 on
t he opposite sid rom source to a , for exanple, from about 100

to 50, 000 withdhe €irad emhd)dpnemtmfatbeprésammmomn Hoswating the, relative styessasns.

O fset dral ff set drain 20 has a | ower
concentr at anlqotﬁgﬁvq?ﬁrwgla%tﬁ ééﬁ% %ﬁl‘@‘&"ﬁ&? gions 18. The offset drain 20
can have a concentrati on between about 1 to 3 orders of magni tude | ower
than the source_or drain, regions. The offseﬁ dga&&aé%_ﬁ% DDD dr ai n)
20 can have a dEt%'Fﬁs O iR CFoss; Se5tipRal Wik of 1 @edf‘@ﬁﬁ?@é”ce

The drift Mg'tﬁ’ﬂfl?sg ehfboefHiBht o?eiﬂe 9Festelae.r%hﬁ@ﬁ umé@éﬁh@mebera\we@trbs@sc hannel

region 25 an rain region The drift region nay have a | ength

bet ween abwithin themaiglawrtln&e Qsmofadwnm,gmgs nm The length of drift
region (Lod) 27 may be, for exanple, between about 1 to 20 tinmes as |long as
the Il ength of channel width 25 (Lg) and preferably fromabout 3 to 8.

Third junction Figures118tomyE 2ee sckaatic crogs aactiorl viewsolustrhtingtdiher
substrate 10 adj acent .and o offset draip 20 to,a depth of, for
exanpl e, f%‘?ﬂ‘ﬁ‘@ﬂﬁ?tr%uf‘?@ ‘s@w%ng INgS itHePBeqeé‘tHWeNP?"W B8 The
drain can fgyg¢ a dopant concentration between 5E19 and 2E21 atoms/cc. The

third junction 18 can be spaced apart fromthe gate 17. The first,
second and t hi r BiguredtF showe gincxamde, whereiduremy igates/arda [5inees ysearan t h a

or i ght 1 y IR WEPORAOD SolfoR BT sbiRE T SRR A RZE! o Fhe

first or sdedimon junction regions 16, 18 (source, drain, respectively).



P-wel | pick-up or body sinker 22 (P+ region) may be forned adjacent and

out board of the source 16 to a depth of, for exanple, from about 50 to 5000
angstrons. P-well 24 is formed within substrate 10 bel ow gate 14,
source 16, P-well pick-up 22 and at |east a portion of offset drain 20 to a
depth of, for exanple, fromabout 200 to 1E5 angstrons. P-wel |

pi ck-up 22 and P-well 24 have the opposite conductivity type dopant as the
first, second and third junction regions 16, 20, 18. | sol ati on
regions may be forned outside of the P-well pick-up 22 and drain 18 (see

Fi gure 10A, for exanple). The above el enents can be forned in any
order using any steps as known by those skilled in the art. In Figure

naving. a str oseDRERS) HEREUBliph 4 oF EXARletp BFiPb4BRend, 21 5°3 i Eeposea
gate sidewalls 15, 17 to a thickness of, for exanple, fromabout 20 to 5000

angstrons and preferably from about 200 to 600 angstropys. The stress |ayer
may exert a stréb8 WHWHYQGWBQW%tﬁQfF%fa?e‘FthV W‘Eﬁ’ekﬁﬁsﬁ@%ﬁ’é fbout 1

a and 3 il v ! i n
Mo @Rl with ref?:réhéé 1S @H@ﬁonﬁ&%ﬁ& AW TheXah IS EMddainfents

conpressive stress. For a DMOs the 'stress layer preferably has a
tensil e st pesdde ahimpiayeddOSdrmnsisien and 8meibed ohfabrigalingithel saMR; substrat e
(see Figures 10A and 10B for exanple) which will be used hereafter for

pur poses of exanpl e. Tensile stress |layer 30 may be conprised of,
for exanpl e, ni BelowearesétampiarynddscriptiorisSusihg N-bDMOS devices enmiplayiage/ si | i con
oxynitride stack, (Si 3N4/ Si . Stress _ |ayer 30 na ave t.hi ckness of, for
exanpl . 1 1STRIGISHEES TGS TaNsyenb B iinE i 4 pRABPIERY SDskleniDgTe
angstroms. equally appliRBblel t§ FELDRFSS ldeVREs 6+ Gth¥r %é%vﬁ:egeh%ﬁlg or biaxi al

tensile stress ‘across the channel 25 and offset drain 20 or,” for exanple,
bet ween abeamplesgive siressjaygrs. Theexample embegisenis atenapplicglleyatleasyto t he

o RS A R e A PSR A "

bi axi al .  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.

l. 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
double diffused metal-oxide-semiconductor) LDMOS gate. The resulting structure
is illustrated in Figure 4.



For exanple, for a tensile stress layer 30 having an inherent conpressive
stress with a thickness of, for exanple, between about 450 and 550
angstrons and preferably about 500 angstroms. The tensile stress |ayer nmay
produce from about, for exanple, 1.8 to 6.6 Mda, and preferably from about
2.0to 6.0 Mua, 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 exanple,
bet ween about 2.0 Mps and 3.0 (pa. In Figure 3, an exenplary

enbodi ment of the present invention, an inter-layer dielectric (ILD) |ayer
32 is forned over stress layer 30. ILD layer 32 may have a thickness of,

for exanpl e, frg‘rﬂl'g%%')&&n@?m@g)[sli t@%ﬁmfs&e@*bﬁ@aﬁgﬂ? ed of, for

exanpl e, oxide or using’tetra or thosi 0S) and
pr ef er abl y limited¢o n-type or LDMQ®S deeiced. t hat al ternative stress engi neering
nmet hods, such as, for exanple, Stress Menorization Technol ogy (SMI), nay be
used as a way to create tensile stress in the channel and LDD regions with

equal effectivepprie 1M an BxEiPlafy efbBdipidr? % tHePreRBnfTRUStiche dniLDNIOS
channel even V\/ne;@"\?ve remove the Iﬁya er 30 before the ILD layer 32 with the

t echnol ogy 28Ncludes substiaterilginaxing dielaclsizdayardlid formnpd thereaverde athiskpeesent

i nvention, 3 e :

fiver openchitliis o hoth 1835 2088 ShoskoR SRR ABina ot Coorised .,
a portion of, foi examplensitican(Sik @iGe, ArcSiQ &)d prtenablyogiécvinndhd Bubstpateicag at

| east a portion.of gate X third opening 44 exposing a portion of
substrate E?S e H\Sf"%%‘jsrﬁgﬂ?gﬁgsﬁ@é?'on 18. The ILD layer 32 and stress

| ayer 30 may be patterned by, for exanple, photonasking and reactive ion

etch (RIE) processes. Respective contact structures 34, 36, 38 may then be
formed within of@ie digtechic layer 12 maymeamprised ot ferraample, sficongwxidty be

conpri sed Qf: : ( ] i 1 i, N): ; In one option,
stress Iaygi“cé'gB?@'?@ﬁo&%ﬂggﬂgz?}lﬁﬂ@ Ilahgqraygéb-[%ghlf:%n ? )(()IP (rer'ed (for exanple,
see the SMI di scussi on above). The inventors have di scovered that the
use of overlyin tress, |l ayer 30.i npr.ov t.he performance. of L%\f[)s 26, that
is, for exanpl e?;a?%ﬁliﬁ)wr?‘égd)é@f g}fsn@?}e cﬁ%gctgﬁ]lzi?yserﬂ%ép@aq@ggngﬂ%o &M dsat is
i ncreased. abeGO RSt x4, SONMDBHOTRIHgstrofisand GferabRrabotit 2SS ahgstesms.

Gate 14 includes exposed sidewalls 15, 17 and may be comprised of, for example,

polysilicon, polysilicon germanium, cobalt silicide (CoSi,) 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.

The first junction region 16 can be formed to a depth of, for example, from
about 50 to 10,000 angstroms. For an N-LDMOS 26, source 16 is comprised of N
type ions. The source region 16 can have a dopant concentration between 5E19

and 2E21 atoms/cc.

10



Figures 5 to 8 illustrate a second exenpl ary enbodi nent of the present

i nvention wherein one or nore dumry gate structures are also forned over
the substrate at |east within the second junction region (offset drain). A
stress layer is forned over the dunmmy gates and substrate and gate and of
the LDMOS. The stress |layer has an inherent stress that exerts stress into
t he channel under a LDMOS gate. The resulting structure is illustrated in
Fi gure 8. Figure 5, in an exenplary enbodi nent of the present

i nvention, an LDMOS 66 includes substrate 50 having gate dielectric |ayer
52 fornmed thereover to a thickness of, for exanple, fromabout 10 to 2000
angstrons. Substrate 50 may be conprised of, for exanple, silicon (Si),

silicon germani f : il i j C) . A\ con.
at e di ehect 11 cPRyE FBb G o0 2BMARE TS ity BbOd bifinY DY, 7oe
si | i con oxgnd tg fotmed vitbN) subﬁt?&e d0 aZt]aI%nattdgateelf%mrameyopﬁidsitegidafx%rde.

First junction region 56 y. be a sougce regiQ nd i or W thin
substrate §@urﬁﬁo1%qtﬁél geqtgr%,afpéegamplgnﬁ'o%@cgg 1@9?9%9@%@%39@%% s shown
in Figure EPefél%bﬂ/ femidborit 406@to %,@@'aﬁgsfréﬁﬁ@] erssdrafh 2@isldh ROSKFsagst r oms.
For an NL 66, source 56 is conprised of N tyﬁ)e@l ons. The source region

56 can haveéraindopaeff sebdraim20 hes erlower ornaenggtion thesoureot pad drain

S d i ) . _ . _ . DD
and 15 1or (sl 1878 ofSelTarP 20 et officthitaliogelitifabtititold OO
f rom sour cerdss bbmagditpddlovier than thexsogete or Graimregiond. TlHoffset®oainde.g.,

angstrons. fs rain is.an N offset drain. The offset .drai can
nave . dopshD TRl ey 2 banedn cdeard Sange estionrnpa A6 “aid A, G
junction rg@ndIc®8 may be a drain region and is forned within substrate 50

adj acent and outboard offset drain 70 to a depth of, for exanple, from
about 50 to 5000 angstrons. Drain 58 is an N. drain. P-wel | pick-up

00 2o orhor T The Ui rbaBh Ois SBMoiEed Of o BEAR 203RANEK BRACHarfRHT 0 B

to a depth of, for exa from angstrons.
64 is fornexpion 2hiandsbbdraintregién 18eTbevdgéttregivbn maypbawvea hgtiPbabvdenpi ck- up

62 and at | east,a portio f O drain 70 to a depth of, for exanple,
fr om about 299 {3 %@@%&éﬁg}@&%o nn.

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
3 to 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.

The first, second and third junction regions 16, 20, 18 each may each be
doped with a first conductivity type dopant. The second junction region 20 (offset
drain or lightly doped drain) has a lower dopant concentration then either of the

first or section junction regions 16, 18 (source, drain, respectively).

11



The doped regions can have the sanme concentration range as described above
inthe first enbodinent. A Formgate and dummy gates Referring to
figure 5, in an exenplary enbodi nent of the present invention, gate 54 and
dummy gates structures 60, 62 are fornmed. A conductive |ayer can be forned
over the dielectric layer and patterned to formgate 54 and dummy gates
structures 60, 62. Alternately, the gate and dummy gates can be fornmed from
different |ayers. Gate 54 may be forned over dielectric |ayer 52 to
a thickness of, for exanple, fromabout 500 to 5000 angstrons. Gate 54

i ncl udes exposed sidewal I s 55, 57. The gate may be conprised of, for
exanpl e, polysilicon, polysilicon germanium cobalt silicide (CoSi2) or

ni ckel silicide 1 Sh: d er: VIR N| i eat h
gate 14, PP R B HIPR 228P ¥0bhfity sE1RE! adckf AR

Fi gure 5, butbodudofthgadoescd 6 td2 depeh af, $ar dxampde, foomabdueb@td 50@0 | ayer 12
when gate 54 is fornmed and nay have the sane thickness and be conprised of
the same n8NEYANSor same |ayer as gate 54. The dummy gates can be forned
in the sane step as the gates. In Figure 6, an exenplary enbodi nent
of the present invention, a stress |layer 80 having an inherent stress is
formed over di ePevell 24 is toymedyvithinauksteie 10delaw gateettt, gouecesiGidmells 55, 57

d d t hei . :
hi cknoss S22 and ot |GRE ainghhdn SETREE AR 2BN8 RRMT o WP Oy )
from about aB60t 200 ROTESaggdtroons. Note that usually isolation regions (e.g.,

STlI) are formed on the ends of the regions 58 and 62 (see Figure 10A, for
exanpl e) . Stress |ayer 80 nay have an i nherent conpressive stress or

an inherent tenpLygl pick&Fs22 BRE FnkelPddhalRvtheppolite Sbh@stivitpyye dépant

preferably a tensile stress I_a%/er. Stress layer 80 may be conprised of, for
exanpl e, nPgitheifirstssacopd@ndithird function egipni6.22Gi18 con nitride/silicon
oxynitride stack (Si3NSSiON), and is preferably SiN

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.

Stress layer 30 may have an tensile stress or an compressive 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 10A and 10B for example)

which will be used hereafter for purposes of example.

12



Figure 6 shows an exanple of the tensile stress 81 (arrow) in the substrate

froma tensile stress |ayer 80. Stress |ayer 80 nay have a thickness
of, for exanple, from about 450 to 550 angstronms 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 Mda, and preferably fromabout 2.0 to 6.0

Mpa. The stress ranges in the offset drain region 70 may have a
tensile stress of, for exanple, between about 3.0 Mds and 3.0 Gpa. Table 1
(conparison of stress in 1st and 2nd enbodi nents) In the 2nn

enmbodi ment wi t hTeositey sigeaselayen 306maythee comprsed oft foe example, butridec sbigeRd i n

the of fset drain.r&qgi f . [ .e: 00/ he
nvent or s ARG riedE e Seor ARARSRon BRERERad Gy RS ress tavel
E:I he di ;t ri Bgtri(rj]ayn halre tahthicknees of f fop rexatrpis Sfrdr yabou8 @50 \te r580hangsttonmiseand f set
rain 70 an rain regqi 58. Dummy gates under the SiN stress | ayer
put a tenspr‘ge??ﬁ'kégo‘gﬁ%g@gﬁrpgﬁ drain region. A tensile stress is

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

the offset drain under the SiN stress |ayer ad]I acent to the gate. See
Fi gures 10A andTeosile steassdayerpiGemay place a uniaxial or biaxial tensile stress across

the channel 25 and offset drain 20 or, for example, between about 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 ym. ILD layer 32 may be
comprised of, for example, oxide or oxide formed using tetraethyl orthosilicate
(TEOS) and preferably oxide.

It is noted that alternative stress engineering methods, such as, for
example, Stress Memorization Technology (SMT), may be used as a way to

create tensile stress in the channel and LDD regions with equal effectiveness. For

13



The tensile stress inproves the nobility in the offset drain region, which
decreases the Ron so that the dummy gates inprove the stress distribution
over the second junction region/low doped drain region/ offset drain 70,
i nprovi ng the performance of the LDMOS. Dummy gates create stress/strain
in substrate to inprove device Dunmy gate(s) 60, (62) increases the
stress at offset drain region 70 especially near the surface, but it does
not increase the stress in channel 65. Dummy gate(s) 60, (62) enhances the
tensile stress at offset drain region 70, but it should not appreciably
affect the stress under channel 65. The stress inside channel 65 brings
about the examnplesthnstress csndbeaiemariziediin yhe channes even when weheenpeiepther om

uni ch | oacleVph o belorerBEUD (4785 pPdul e deBlod ST 1001 P11, <o The  Ron i s

decreased. Accordingly with stress Iayer 80 and dummy gate 60, (62) the
| dsat and Ron are bot h i nproved. @kress i S jncrease

h
of fset drain paltFigyes ¢.2 wma‘we@%@"ﬁfﬁ tl@)pre@ggt)qurp{prbﬂ.ttg aé’tFégk 60,
(62) incr e@?"aﬁdtéﬁ%s§tléy"e?%obﬁﬂ‘?}%tttﬁrﬂé@to%ﬁﬁkm?ﬂrst ()ﬁghln@%d ékddslf%eﬂ%éﬁi'

MOSFET stress engi neer’ing. Beneath gate stacC is the
of f set dr aarpogtiaraof Svsirate 40 witbin a laastaasw@stlcm Oftfh'ét Junqttm regiom 16;42ka due to

the d
per f or manc SCCoRSEREng ¢ exporid oh st 4gRPIBORHE TGehd (PRI BRERALR,
gat e, the epp@ém@ alpoirtisreof aﬂjus&v&?ﬂo dﬁtMMthElmctioh hegispgel Mbe D ae@n 3Rhe

u ate t t t t !
gate t o t naNaskpRS Eer PRI eE Po GGG e or SHAFIHLS. RHETRESH 7Y 8RR FEREVPY i <
noted that igi@cheRE)prédedsas. ﬂéﬁrﬁ%tigétc@nwck btr@(ﬁu?é&%&@@38$ﬂé§‘ﬂheh%e@ht for

original gate asthe are patterned together. ure 7, in an
ani a6

exenpl ary &rmedi wihin ODENIDEE 40y 42ettt- G @ﬁt&tltb'ﬁturaﬁ%n@@r?la magbedi el ectric
(ILD) | ayeg?%%flgéd Bp{l@ggte?‘v(?v) érttft [[TJ@*E% Q%N)Bl LD |l ayer 82 may have a

t hi ckness 0 or~ exa oma 0O pm and preferably from
about 1.0 to 1.5 pm above gate 54. ILD | ayer 82 may be conprised of, for

exanpl e, oxide, lowk materials, o OXIdef du tetr hyl
orthosilicate ('FER%S OPUAIY SBF%? %’yﬁbﬁg) '%Fﬁrﬂ%ve d B5i6re HEQ aﬁé‘ﬁ”t"?ﬁé’ stress
| ayer is rgPYRsmBR! 856 HSMTLAsb RSN Sovey. formed (for exanple, see the
SMI di scussi on 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

Figures 5 to 8 illustrate a second exemplary embodiment of the present
invention wherein one or more dummy gate structures are also formed over the
substrate at least within the second junction region (offset drain). A stress layer is
formed over the dummy gates and substrate and gate and of the LDMOS. The
stress layer has an inherent stress that exerts stress into the channel under a

LDMOS gate. The resulting structure is illustrated in Figure 8.
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In Figure 8, in an exenplary enbodi nent of the present invention, ILD |ayer
82 and stress layer 80 are patterned to form (1) first opening 90 exposing
at |east a portion of substrate 50 within at |east a portion of first
junction region 56; (2) second opening 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. | LD | ayer 82 and stress |ayer 80 may be
patterned by, for exanple, photomasking and reactive ion etch (RIE)
processes. Respective contact structures 74, 76, 78 may then be formed

wi t hi n openings 90, 92, 94. Contact structures 74, 76, 78 may be conpri sed
of, for exanpl eFlgwe)E imiam. exemplaryl embedimeng af trﬁazregqgmtu@mtlon an LDMO

equi req. 88 RdyscRbohad 8 NG bals SRRV SRS RrnBE o AR T ng
stress | ay&fck&@sebd fdmmmgat &emﬁébowzo td 260 @ngstroms cBulstrat®©ET&EbE S

i nproved, that r exa the Ron_.is decreased mis increased
and o | dSSIPHAS ol ForAsaPIe. SHICOMiSIpIiGan 8 TBB TIBASISH) YRR iEny

process anfg,@bﬁagﬁéfepémiyg,[,@orpot limted to the above exanple. The dummy
gate structures 6 62 separate the stress layer 80 fromthe substrate 50.

B. Exanpl es Nurmer al simul ati ons usi ng a 2D TCAD sinulator with a

calibrated stre e p vent ors
to denonstrate f’% &g‘eggﬁflbgness%%t% nve figc{ge IEE%%lCBH&X
devi ce st r sititarr exyrdteide { 8ION }iHfOg oniZr@3 andlprefelﬁbtwmllmon éxider e 4 and Figure 8

(with two dummy gates). The sinmulation results with three cases (Si
Control ("Wthout stress |ayer or dunmy gates"), Stress |ayer and Stress

| ayer with dumWIrélC}uchtbﬁLfggibn% PRy b%@sélﬂ@é@é%gn 'aﬁd'nQﬁ)rH}%d wiginpl ots in
Figure 9, for exa hown in Flaure , for the NNLDMOS in the

sat ur at i onsubsgfiasm 5 nErpéO&!m@ﬁﬁ ta @atatS4(and maric el aﬁla@ﬁn’t 'ﬁ@aé@ Péas sheysyin3o (t he
o o . :
1% TRt o § A, PRI Bl OBty P e

region (the I near section o
det er m nesLBMO%166, soarcabé is cgmipfisednf Nytypeians. Whe lsoutve regioii Sataroimaef

i U dummyagpgns conerttaton Bateen A LA AR BB bl 0w,

Specifically, Table 2 below lists exenplary val ues for Ron, gm and | dsat
for the use of a silicon control LDMOS as a base |evel (1X d( Control),
the first enbodiSesand ginctine regiesdmaybedn offset drair dew \draindLDRY) second

enbodi nment i i y it Hom: 1€

embodi m ay%ﬁé i BfmBG %ﬁwmn% 3%%}(%{% 584dfaceht £°gath 34%n He!dboddi¥idd
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.
Third junction region 58 may be a drain region and is formed within
substrate 50 adjacent and outboard offset drain 70 to a depth of, for example, from

about 50 to 5000 angstroms. Drain 58 is an N* drain.

P-well pick-up or body sinker 62 (P+ region) can be formed adjacent and

outboard source 56 to a depth of, for example, from about 50 to 5000 angstroms.
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TABLE 2 Si

Control LDMOS Ron | x gm 1X I dsat

P-well 64 is formed within substrate 50 below gate 54, source 56, P-well
pick-up 62 and at least a portion of offset drain 70 to a depth of, for example, from

about 200 to 1E5 angstroms.

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 (CoSi,) or nickel silicide (NiSi) and preferably

polysilicon. Channel 25 is beneath gate 14.

At least one dummy gate, or, for example, as shown in Figure 5, two
dummy gates 60, 62 are also formed over dielectric layer 12 when gate 54 is
formed and may have the same thickness and be comprised of the same material
or same layer as gate 54. The dummy gates can be formed in the same step as

the gates.

In Figure 6, an exemplary embodiment of the present invention, a stress

layer 80 having an inherent stress is formed over dielectric layer 52, gate 54,
16



X Stress layer( 1sl enbodinent) 0.93X 1.50X 1.17X Stress layer & 0.80X
1. 60X 1.50X Dummy Gate(s)

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
(SizN,) 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.

The stress ranges in the offset drain region 70 may have a tensile stress of,

for example, between about 3.0 Mps and 3.0 Gpa.
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(2nd enbodi nent)

Table 1 (comparison of stress in 1%t and 2" embodiments)

1t embodiment 2" embodiment — dummy
gates
Stress in offset drain From 1.0 MPS to 3.0 From 2.0 MPS to 3.0
region GPA 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.

The tensile stress improves the mobility in the offset drain region, which
decreases the Ron so that the dummy gates improve the stress distribution over
the second junction region/low doped drain region/ offset drain 70, improving the
performance of the LDMOS.

18



As shown in Table 2, the first enbodi nent of the present invention has been
shown to decrease the Ron by about 7% increase the gmby about 50% and

i ncrease the I dsat by about 17% and the second enbodi nent of the present

i nventi on has been shown to decrease the Ron by about 20% increase the gm
by about 60% and i ncrease the |dsat by about 50% C. Alternative

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

show FETs over which a stress Iayer (30) and opt| onal durmy gate

st ruct ur e/ SNV GaES CHEP it:i infinrsithstrate to improve dayiceat e struct ures
(60, 62) being forned over the offset drain/drain extenS| on/ deeply (double
doped drain or deeply doped drain) doped drain (DOD) thereof. The Second
junction regi onDammﬁgaﬂees)%mf(ﬁz)ahcmauesme)strehseétmﬁsegdram region 70 Fi gure 11F

shows an exa where du at es, and stress | ayer for over th
of f set SouPE'gg %Ilyd'learﬁﬁﬁ)sglgg%g) i)ﬁ doep neb fickedsedhg s ¥5955 ghqpne For ©

exanpl e, Ftﬂumrﬁy éét%(si émisz)aérﬂfan%es S (B ¥trESs ém#a%t difaih Fegion 7of bstat
drai n. l'ustrates an exenplary HV NFET having deepl'y

doped sour §b@lﬂld mt appr(egabjy a@c&é@strewmm@naﬂ&% Maerstiesgiiside
Figure 11C4 L1165 %oﬁfﬁ%ﬂhﬁ;‘?&éﬁ(e# Tt EnAYAIHoBIRGROYI049P iRl NS

(DDD) adj acent A °Sour o8 an
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.

In Figure 7, in an exemplary embodiment of the present invention, an inter-
layer dielectric (ILD) layer 82 is formed over stress layer 80. ILD layer 82 may
have a thickness of, for example, from about 0.05 to 3.0 um. and preferably from

about 1.0 to 1.5 ym above gate 54. ILD layer 82 may be comprised of, for
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Figure 11D illustrates an exenplary HV NFET with deeply doped drains (or
(of fset source and drains (LDD or DDD) adjacent a source and drain on

silicon-onoxi de (501). Figure 11D illustrates an exenplary HV PFET
with offset source and drains (e.g., deeply doped drains (DDD or LDD))
adj acent a source and drain on siliconon-oxide (S01). The exanpl e

enbodi nents can be used to nmake any type transistor that has an of fset
source or drain (e.g., an extended drain, deeply (doubly) doped drains
(DDD), etc.) such as a LDMOS device or an HV FET devi ce. Wiile a

Si Ge substrate is a high cost choice currently, the

t eachi ngs/ lesalrmpttsbx'ldleutcl\/\ukmteﬁalsher qrids formedrusing fetraethyy otikosilicaté ned wi t h

such Si Ge ee, abov It is noted that in another aspect
i nventi zﬁeaﬁﬁr i@%ﬁﬁ{?b@' éﬁl on al so works/ may be applicable to P LDMOS
deV| ces. For exanple, one may use a conpressive stress |ayer in the P

LDMOS. The tenants of the stress are applicable to both N and Pty
devi ces. The chiha@prten.dbe siass tayer @frﬁwveerb&fweéwé@lwnﬁa 'Eb@”i“ﬁ@reased

by using t?@ g(é,ﬁ@% séé(ﬁ{de gMT{&Ec%srs‘?d??é poly gate and dunmmy poly gate.

The only d eren e woul eto ange the stress | ayer. As noted above,
SMI' can be used to keep the stress on N LDMOS and use conpressive stress

| ayer to inprove the L. t her
aspect, the dunﬁ]/ﬁ'ggfee?s%gx&ﬂé)g% %ﬁ%gg'm%?%%&géeﬂts@&emk ITG;[jSlIJ ction
wi th ot her 8hMpg sifedsqeﬁersaméreﬁxﬁatgérﬁéd ?(ﬂiml €1) f&sme ihg aosaxpf)gngmt |05
transistor. | ustrated in Figure Y an exenpl ar ! i ment
of the i nv8nReTliAN of subslples5Q Witk at & aggoﬁwntwl g"ﬁt %Bﬁrrﬁg@é %gib(ggness)
arrow in SacdidaelaTar pbYRgst 16Nt oRANTS JaleTh r (G IASRRII 2o o
si npl i fi edexposingemaria) ofksubspiate §0 within thgé Jlsrmbl@hrigglant@nm | e stress | ayer
having an internal conpressive stress that creates a tensile stress in an
underlying wafer urging the tensile stress |ayer/wafer to bow as
illustrated in HFipuagerl8L. afd Réteaethyenf8ly mdy de 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 Idsat is increased.

Dummy gates 60, 62 can be made by any process and material and are not
limited to the above example. The dummy gate structures 60, 62 separate the

stress layer 80 from the substrate 50.

B. Examples
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Lateral double diffused netal - oxi de-sem conductors (LDMOS), and, for
exanpl e, especially N-LDMOS devices, have been in a dom nant position for
enabl i ng high voltage, high power radio frequency (RF) anplifiers for

wi rel ess phone base stations and phone handset applications, for exanple,
due to its performance, cost, reliability and power advantages. The key to
LDMOS/ NLDMOS devi ce performance i nprovenents are in the reduction of
on-state resistance (Ron), the increase in transconductance (gnm and the

i ncrease of the breakdown voltage (Bvdss). Conventi onal approaches
for N-LDMOS device inprovenents, for exanple, have been centered on scaling
down of bot h gatNemesalgsimulatipnsausingfaf 26t TGAR! sinydatoowithop exdlibradedh s{resp)

put Ldi ng afRTEBNES HRTE SR ot PRIRHTCE Y uREKTARERS ok fitend ing

(epi) | ayeeffettivengbs BDEi$ inventiohanee basit M-llDl\)lteSdemeeétrlmnd'euﬂadrfegtm.

However, the h| her cost associated wth strajned Si/rel axe , CGel . " epi
subst r at es Skaul Q.U?@‘OWPtF'%erf’a?@q Figuge BWHh dwQ SuUEBY GRISSEK for
commerci al production. E. Non-limting exanpl e enbodi nents G ven the

vari ety of exenplary enbodi nents of the present invention just described,
the above descr Tpeisonulation resultstwith thsee cases(Sidtome! (‘AMigroui stressrayengr t he

scope of t »

invgnti on ﬁgg%ggﬁt%%e?rﬁ@g !’;la&?y {% reégg eth}ea@t@rlﬂh@vﬁot%( @M\pgka?est)lé?ethe
plr< e}‘ Fr (r]I ed eleﬁnstddaihyldsrﬂsodldsepﬂbts inhEigees 9, iorfemeIéJeASJsH@nnumewg q hies e
skilled in t uscanesm orm an ai

wtthout el tr dae ADAMGE i 31 sehEATS egion 8r¢ SReMicRORAenBancat wita e °

i ntended t QtréweiyewgoI(@.@Sr.r@&hbb&.a{ér@ws%@ls %y@ri)%rndathémemc%n@ém in
procedures, and the scope of the appended clains therefore should be

accor ded t e bBneardesgion rther finearatagion v the ||D§aé|$§§ft'ﬁ1h§§ ldVe eree), which
modi i cati gag,AfHbsSRM bR off 'R0 SRRt # g R WihHY BimbinallbAlof 'skreSd Rly&Rd 1S:

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)).
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1. A device conprising: a substrate; a gate on the substrate, the gate
having first and second sides; a first junction region in the substrate
adj acent to the gate on the first side; a second junction region in the
substrate adjacent to the gate on the second side; at |east one dummy gate
on the substrate over the second junction region; and a stress |ayer
over the substrate, the gate and the at | east one dummy gate, the stress

| ayer creates a stress in the channel and in the second junction region,
wherein the dummy gate distributes the stress of the stress |ayer over the
second junction region to increase the stress exerted across the second
junction region as conpared to that without the at | east one dunmmy gate to
i nprove peﬁ.k(gl_r@ace of the device. 2. The device of claim1l wherein:

Ron am Idsat
' Si Control LDMOS | 1X 1X 1X
Stress layer( 1% 0.93X 1.50X 1.17X
embodiment)
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 ldsat 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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the first junction region conprises a first dopant concentration; and the
second junction region conprises a second dopant concentration. 3. The
device of claim1l conprises a third junction region on the second side of
the gate adjacent to the second junction region, wherein the at |east one
dummy gate distributes the stress of the stress |ayer over the second and
third junction regions to increase the stress exerted across the second
junction region as conpared to that without the at | east one dummy gate to
i nprove performance of the device. 4.The device of claim3 wherein: the
first junction region conprises a first dopant concentration; the second

junction rédpubte doped Heais ondeen)y daped gEdin) deprsbaraintin) therepf. The he
third junc ad qgwgg Ation, the third
dopant concgg{3 ﬁmgﬁgngr lezraect%ﬁ‘ ?ﬁgg%tecon 8opaﬁf'[gé’[)ncent rati on, wherein
the third junction region is disposed within the second j uncti on region.

5. The device of. claim3 wherein irst junc i on _serves
as a source of [:lgé’r%ié\ﬂ:éé‘o}ﬁ’ﬁ(fq %Xaénﬂ"léa‘(ﬂ‘?@?ﬁ% ‘ﬁ)ﬁ slress Thyer are

formed over the offset Source (e.g., DDD source or LLD Source) and DDD drain.

For example, Figure 11A illustrates an exemplary RF LDMOS having an

offset drain.

Figure 11B illustrates an exemplary HV NFET having deeply 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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the second junction region serves as on offset drain and is a lightly doped
junction; and the third junction region serves as a drain and is a heavily
doped junction; and a distance fromthe second side of the gate to
the third junction serves as a drift region of the device. 6. The device
of claimb5 conprises a doped well which enconpasses the first junction
region and a portion of the second junction region including a channel
bel ow the gate, the doped well conprises dopants of the opposite polarity
type as the first and second junction regions. 7. The device of claim®6

conpri ses a doped region adjacent to the first junction region away from
the first side YhilereSize subsirate is ahighecasbpbeice eyirent\sdhgri se dopants of

t he opposi i L i i an. i t he
doped T ogi SrbHoBihéobiREy RS hbiphbsdt R RAR tdy g boABIrGB WS, 12
of cl ai m 7Sikesabstrates (see akovie)r st term nal of the device is commonly
coupled to the doped region and the first junction region; a second
terminal of the device is coupled to the gate; and

It is noted that in another aspect of invention, the instant invention also
works/may be applicable to P LDMOS devices. For example, one may use a
compressive stress layer in the P LDMOS. The tenants of the stress are applicable
to both N and P type devices. The channel stress and the offset drain stress would
be increased by using the stress layer on the transistor poly gate 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 PMQOS 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.

D. Related information
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athird termnal of the device is coupled to the third junction region, 9.
The device of claim 3 wherein: the substrate conprises a buried

oxi de | ayer between a surface and bul k substrate; the first junction
region is disposed within the surface substrate and serves as a source of
the device and is a heavily doped junction; t he second junction
region is disposed within the surface substrate and serves as on offset
drain an is a lightly doped junction; and the third junction region
is disposed within the surface substrate and serves as a drain and is a
heavi |y doped junction. 10. The device of claim9 wherein: t he
surface subst r atatetalidoublediffusgrhmetal ixiderserjsooductersbDMO8Y, angporas t he

funct | on r SSRE shBeGaNITIMOR AR Pavs BEGR 1l WM BGEIRGIRMS! Sibst  ate
with the oaneblmgehngblvanage' rﬁgippoﬂélpmdlicsfremédw (R aimphifierssfor wi‘rel;esand

conpri ses a doped wel | having ants of the opposite polar] type as the
first juncPheme Page éwt'of‘ﬁé‘ngé’ﬁeag\}’\)@nps%trﬁﬁmﬁ% rth@anlq, Brﬁ%tl on

region and @H@Fnllﬁrﬂ:% @oﬂoFéliaﬁplt)}‘&ﬁt?boﬁleﬁa@@érﬁagesl#he-ﬂé? tQ‘P_ﬂM‘@SmI claim3
conpri ses a fourth Junction region adjacent to

LDMOS device performance improvements are in the reductlon of on-state

resistance (Ron), the increase in transconductance (gm) and the increase of the

breakdown voltage (Bvdss).

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 SixGe1x epi
substrates as N-LDMOS starting materials is a severe drawback for commercial

production.

E. 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
without departing from the spirit and scope of the invention. It is intended to cover

various modifications and similar arrangements and procedures, and the scope of

25



gate on the first side, the fourth junction region separates the first
junction region fromthe gate. 12. The device of claim 11l wherein:

the first junction region serves as a source of the device and is a heavily
doped junction region; the fourth junction region serves as an

of fset source region and is a lightly doped junction region; t he
second junction serves as an offset drain and is a lightly doped junction
region; and the third junction region serves as a drain and is a heavily
doped junction region. 13. The device of claim 12 wherein the fourth
junction enconpasses the first junction region and the second junction

regi on encthpappaxiedhelainis thérgfore showld regacoorded the broadest interpretation so

as to encompass all such modifications and similar arrangements and procedures.
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14. The device of claim 13 conprises at |east one second dummy gate to
distribute the stress of the stress |layer over the fourth and first
junction regions to increase the stress exerted across the fourth junction
region as conpared to that without the at | east one second dummy gate to

i nprove performance of the device. 15. The device of claim 14 conprises a
doped wel | which enconpasses the junction regions and channel bel ow the
gate, the doped well conprises dopants of the opposite polarity type as the
first and second junction regions. 16. The device of claim 13 wherein:
the substrate conprises a buried oxide | ayer between a surface and bul k
subst r at e; What is claimded fsom of the second and fourth junction regi ons extend
to a bottomof the surface substrate; and a portion of the surface
substrate between the second and fourth junction regions conprises dopants
of the oppasit eAmidvive domprigheg:as the junction regions. 17. The device of
claim 16 conprises at | east one second dumy gate to distribute the stress
of the stress |ApHPSEUEF the fourth and first junction regions to increase

W noun e s, REALPSH Al Rl hld et sl o0cam spmeer 21,10, (10
device. 18. A ddivstgenctiongegionrgthe substrate adjacent to the gate on the first side;
a second junction region in the substrate adjacent to the gate on the second
side;
at least one dummy gate on the substrate over the second junction region;
and
a stress layer over the substrate, the gate and the at least one dummy gate,
the stress layer creates a stress in the channel and in the second junction region,
wherein the dummy gate distributes the stress of the stress layer over the second
junction region to increase the stress exerted across the second junction region as
compared to that without the at least one dummy gate to improve performance of

the device.

2. The device of claim 1 wherein:
the first junction region comprises a first dopant concentration; and

the second junction region comprises a second dopant concentration.

3. The device of claim 1 comprises a third junction region on the second side
of the gate adjacent to the second junction region, wherein the at least one dummy
gate distributes the stress of the stress layer over the second and third junction
regions to increase the stress exerted across the second junction region as
compared to that without the at least one dummy gate to improve performance of

the device.

4. The device of claim 3 wherein:
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a substrate; a gate on the substrate, the gate having first and second
sides; a first junction region in the substrate adjacent to the gate on the
first side; a second junction region in the substrate adjacent to the gate

on the second side; a third junction region on the second side of
the gate adjacent to the second junction region; at |east one dummy gate on
the substrate over the second junction region; and a stress |ayer

over the substrate, the gate and the at | east one dumry gate, the stress
| ayer creates a stress in the channel and in the second junction region,
wherein the dummy gate distributes the stress of the stress |ayer over the
second and t hi r thefirajunetipn giameomprisasct test dopart concerkatidnért ed across the

second junctiongregi i . dumy
gate to | mpr ovelSeAeBRIRTIBRPEARH coiyrisa o"egBRliackf Ainceffaliodhd)
conprises a pl uthel thirgl jurictidn megiog @batprises tithird dopantadoncenteatidr ¢hes thirdnd
junction r Sggl)grﬂ'concentrations greater than the second dopant concentration, wherein the

third junction region is disposed within the second junction region.

5. The device of claim 3 wherein:

the first junction region serves as a source of the device and is a heavily
doped junction;

the second junction region serves as on offset drain and is a lightly doped
junction; and

the third junction region serves as a drain and is a heavily doped junction;
and

a distance from the second side of the gate to the third junction serves as a

drift region of the device.

6. The device of claim 5 comprises a doped well which encompasses the first
junction region and a portion of the second junction region including a channel
below the gate, the doped well comprises dopants of the opposite polarity type as

the first and second junction regions.

7. The device of claim 6 comprises a doped region adjacent to the first
junction region away from the first side of the gate, wherein the doped region
comprise dopants of the opposite polarity type as the first and second junction

regions, the doped region serves as a contact region to the doped well.

8. The device of claim 7 wherein:
a first terminal of the device is commonly coupled to the doped region and

the first junction region;
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20. A transistor conprising: a substrate; a gate on the substrate, the
gate having first and second sides; a first junction region in the
substrate adjacent to the gate on the first side; a second junction region

in the substrate adjacent to the gate on the second si de; athird
junction region on the second side of the gate adjacent to the second
junction region,; a fourth junction region adjacent to the gate on the

first side, the fourth junction region separating the first junction region
fromthe gate; at |least one first dummy gate on the substrate over the

second junction region;
a second terminal of the device is coupled to the gate; and

a third terminal of the device is coupled to the third junction region.

9. The device of claim 3 wherein:

the substrate comprises a buried oxide layer between a surface and bulk
substrate;

the first junction region is disposed within the surface substrate and serves
as a source of the device and is a heavily doped junction;

the second junction region is disposed within the surface substrate and
serves as on offset drain an is a lightly doped junction; and

the third junction region is disposed within the surface substrate and serves

as a drain and is a heavily doped junction.

10.  The device of claim 9 wherein:

the surface substrate comprises dopants of the opposite polarity type as the
first, second and third junction regions, wherein the second and third junction
regions are separated from the buried oxide layer by the substrate with the
opposite polarity type dopants as the junction regions; and

comprises a doped well having dopants of the opposite polarity type as the
first junction region, the doped well encompassing the first junction region and

overlaps a portion under the gate.

11.  The device of claim 3 comprises a fourth junction region adjacent to the
gate on the first side, the fourth junction region separates the first junction region

from the gate.

12.  The device of claim 11 wherein:
the first junction region serves as a source of the device and is a heavily

doped junction region;
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at | east one second dummy gate on the substrate over the fourth junction

regi on; and a stress |layer over the substrate, the gate and the at

| east one first and second dumry gates, the stress |ayer creates a stress
in the channel and in the second and fourth junction regions, wherein the
dummy gate distributes the stress of the stress |ayer over the second and
third junction regions and the fourth and first junction regions to

i ncrease the stress exerted across the second junction region and fourth

junction region as conpared to that without the at |east one first and

second dummy gates to i nprove performance of the device.
the fourth junction region serves as an offset source region and is a lightly

doped junction region;

the second junction serves as an offset drain and is a lightly doped junction
region; and

the third junction region serves as a drain and is a heavily doped junction

region.

13.  The device of claim 12 wherein the fourth junction encompasses the first
junction region and the second junction region encompasses the third junction

region.

14.  The device of claim 13 comprises at least one second dummy gate to
distribute the stress of the stress layer over the fourth and first junction regions to
increase the stress exerted across the fourth junction region as compared to that
without the at least one second dummy gate to improve performance of the

device.

156.  The device of claim 14 comprises a doped well which encompasses the
junction regions and channel below the gate, the doped well comprises dopants of

the opposite polarity type as the first and second junction regions.

16.  The device of claim 13 wherein:

the substrate comprises a buried oxide layer between a surface and bulk
substrate;

a bottom of the second and fourth junction regions extend to a bottom of the
surface substrate; and

a portion of the surface substrate between the second and fourth junction

regions comprises dopants of the opposite polarity type as the junction regions.
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17.

The device of claim 16 comprises at least one second dummy gate to

distribute the stress of the stress layer over the fourth and first junction regions to

increase the stress exerted across the fourth junction region as compared to that

without the at least one second dummy gate to improve performance of the

device.

18.

side:

A device comprising:

a substrate;

a gate on the substrate, the gate having first and second sides;

a first junction region in the substrate adjacent to the gate on the first side;

a second junction region in the substrate adjacent to the gate on the second

a third junction region on the second side of the gate adjacent to the second

junction region;

and

at least one dummy gate on the substrate over the second junction region;

a stress layer over the substrate, the gate and the at least one dummy gate,

the stress layer creates a stress in the channel and in the second junction region,

wherein the dummy gate distributes the stress of the stress layer over the second

and third junction regions to increase the stress exerted across the second

junction region as compared to that without the at least one dummy gate to

improve performance of the device.

19.

The device of claim 18 comprises a plurality of dummy gates on the

substrate over the second junction region.

20.

A transistor comprising:

a substrate;
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a gate on the substrate, the gate having first and second sides;

a first junction region in the substrate adjacent to the gate on the first side;

a second junction region in the substrate adjacent to the gate on the second
side;

a third junction region on the second side of the gate adjacent to the second
junction region;

a fourth junction region adjacent to the gate on the first side, the fourth
junction region separating the first junction region from the gate;

at least one first dummy gate on the substrate over the second junction
region;

at least one second dummy gate on the substrate over the fourth junction
region; and

a stress layer over the substrate, the gate and the at least one first and
second dummy gates, the stress layer creates a stress in the channel and in the
second and fourth junction regions, wherein the dummy gate distributes the stress
of the stress layer over the second and third junction regions and the fourth and
first junction regions to increase the stress exerted across the second junction
region and fourth junction region as compared to that without the at least one first

and second dummy gates to improve performance of the device.
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