| NTEGRATED CI RCUI T SYSTEM EMPLOYI NG AN ELEVATED DRAI N TECHNI CAL FI ELD

[ 0001] The present invention relates generally to integated circuits, and
nore particularly to an integrated circuit system enploying an el evated
drai n. BACKGROUND ART [0002] Integrated circuits arc used in many portable
el ectronic products such as cell phones, portable conputers voice
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as MOSFET devices are adapted for higher voltage applications, problems arise with respect
to current and voltage output characteristics for these traditional MOSFET devices.

[0004] Accordingly, the semiconductor industry developed lateral diffused metal-oxide
semiconductor (LDMOS) structures to help ameliorate some of these problems. For
example, LDMOS structures solved some of these problems by altering (i.e., by increasing)
the length of the drift region, thereby suppressing the shift in the peak electric field to the
highly doped drain regions, which can cause an unwanted increase in the substrate current. It
will be appreciated by those skilled in the art that unacceptably high substrate current levels
can degrade a device’s safe operation region.

[0005] However, forming an LDMOS structure with a longer/wider drift region will
consume more substrate area and create a larger device, which is in direct opposition to the
central tenet of modern day semiconductor manufacturing (i.e., decreasing the size of a
device). Moreover, a longer/wider drift region can also increase the parasitic capacitance and

the on-state resistance (R,,) of the LDMOS device, two conditions which may affect high



frequency performance and operating speed of the device. Wth power
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present invention; 1001.11 FIG 2 is a partial cross sectional view of an

integrated circuit system.in an initial stage of manufacture in accordance
with an enbodi ment of the PISEIEMURRGINTHEINVENTION

[0008] The present invention provides a method for manufacturing an integrated circuit
system including: providing a substrate including an active device; forming a drift region in
the substrate, the drift region bounded in part by a top surface of the substrate and spaced
apart from a source; and forming a drain above the drift region.

[0009] Certain embodiments of the invention have other aspects in addition to or in place of
those mentioned above. The aspects will become apparent to those skilled in the art from a
reading of the following detailed description when taken with reference to the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a partial cross sectional view of an integrated circuit system in accordance
with an embodiment of the present invention;

[0011] FIG. 2 is a partial cross sectional view of an integrated circuit system in an initial
stage of manufacture in accordance with an embodiment of the present invention;

[0012] FIG. 3 is the structure of FIG. 2 after forming a mask layer;

[0013] FIG. 4 is the structure of FIG. 3 after formation of a drain region;



100121 FIG 3 is the structure of FIG 2 after formng a nmask | ayer; 100131
FIG 4 is the structure of FIG 3 after formation of a drain region;

[0014] FIG 5 is a partial cross sectional view of an integrated circuit
systemin an initial stage of manufacture in accordance w th another

enbodi méMil4bt FiGeS py @ perital icrpseseqtional ‘{’19‘@10f5111 mtezgrat@d Piscuihey st irc e pratigf

FIG 5 ?gager? Pﬁ&gﬁﬂa%reain%goﬁdén gbzlf:?}}? ﬁﬂ& anF\éIn ?f t'he gfl;leggr%tsntl\geu ahulr ﬁ t gfgr Z'I[ S d

6 after processing;

circui t [GyS] emid.of isahe $tﬂicﬁgéafEIGC5 ziffdﬂlfémﬁﬁghQ{HsklIhy@ﬁCor dance with an
enbodi nent of the present invention. BEST MODE FOR CARRYI NG QUT THE
| NVENTI €8416b0 FEG- %ﬁéhtfmcaﬂpﬁé Kfoaftemdirthsr arascesraags aied i n suffi ci ent

det ai | a I i : It
s to nSUTHCTAC ARR5R FkeqraH ihBghhS Bickic (iR 16; ANiREd Bfalioah

pr esent acliosddnos with, anandboiliratnt pif degsssear invealoan cal changes may be made

W t hout departing fromthe scope of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0018] The following embodiments are described in sufficient detail to enable those skilled
in the art to make and use the invention. It is to be understood that other embodiments would
be evident based on the present disclosure, and that process or mechanical changes may be
made without departing from the scope of the present invention.

[0019] In the following description, numerous specific details are given to provide a
thorough understanding of the invention. However, it will be apparent that the invention may
be practiced without these specific details. In order to avoid obscuring the present invention,
some well-known circuits, system configurations, and process steps are not disclosed in
detail.

[0020] Likewise, the drawings showing embodiments of the system are semi-diagrammatic
and not to scale and, particularly, some of the dimensions are for the clarity of presentation
and are shown exaggerated in the drawing FIGS. Additionally, where multiple embodiments
are disclosed and described having some features in common, for clarity and ease of
illustration, description, and comprehension thereof, similar and like features one to another
will ordinarily be described with like reference numerals.

[0021] The term ‘“horizontal” as used herein is defined as a plane parallel to the
conventional plane or surface of the substrate, regardless of its orientation. The term
“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as

[13 39

on”, “above”, “below”, “bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”,
“upper”, “over”, and “under”, are defined with respect to the horizontal plane.
[0022] The term “processing” as used herein includes deposition of material or photoresist,
patterning, exposure, development, etching, cleaning, and/or removal of the material or
photoresist as required in forming a described structure.

[0023] The term “on” is used herein to mean there is direct contact among elements.
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system including, but not limited to, an active device structure, such as an LDMOS device,
with a strategically engineered drift region and drain region that reduces substrate current,
parasitic capacitance, and/or on-state resistance (Ron), while permitting a reduction in the
pitch between adjacent devices.

[0029] FIGS. 1-8, which follow, depict by way of example and not by limitation, an
exemplary process flow for the formation of an integrated circuit system and they are not to
be construed as limiting. It is to be understood that a plurality of conventional processes that
are well known within the art and not repeated herein, may precede or follow FIGS. 1-8.
Moreover, it is to be understood that many modifications, additions, and/or omissions may be
made to the below described process without departing from the scope or spirit of the claimed
subject matter. For example, the below described process may include more, fewer, or other
steps. Additionally, steps may be performed in any suitable order without departing from the
scope of the present invention.

[0030] Moreover, it is to be appreciated that the integrated circuit system of the present
disclosure may include any number of multi-electrode devices (e.g., active device structures)
in which the current flowing between two specified electrodes is controlled or modulated by
the voltage applied at a control electrode. Exemplary illustrations may include a bipolar
junction transistor (BJT), an n-channel metal-oxide semiconductor (NMOS), a p-channel
metal-oxide semiconductor (PMOS), a complementary metal-oxide semiconductor (CMOS)
configuration, a single-gate transistor, a multi-gate transistor, a fin-field effect transistor (fin-

FET), or an annular gate transistor. Furthermore, it is to be understood that one or more of
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as an instance or illustration. Any aspect or enbodi nent described herein
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single-gate transistor, a nmulti-gate transistor, a fin-field effect
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efc.) can be formed over, on and/or within the substrate 102 for the manufacture of active
and/or passive device structures by conventional deposition, patterning, photolithography,
and etching techniques known in the semiconductor processing industry.
[0036] In general, the substrate 102 may include any semiconducting material, such as, Si,
SiC, SiGe, Si/SiGe, SiGeC, Ge, GaAs, InAs, InP, other II/V or II/VI compound
semiconductors, as well as silicon-on-insulator configurations. Additionally, the substrate
102 may also include doped and undoped configurations, epitaxial layers, strained

configurations, and one or more crystalline orientations (e.g., <100>, <110>, and/or <111>
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the techni ques of the present enbodi nents can he used to fabricate an
integrated circuit system for exanple, an LDMOS device, using existing
conventional NMOS. PMOS, and CMOS conpati bl e process technol ogy, thereby
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polySi, amorphous Si, or SiGe), a metal, a metallic alloy, a silicide, or a combination thereof,
for example. The gate dielectric 108 may be made from materials including, but not limited
to, silicon oxide, silicon oxynitride, silicon nitride, a silicon oxide/nitride/oxide stack, a high-
k dielectric material (i.e., one having a dielectric constant value greater than silicon oxide), or
a combination thereof. However, it is to be understood that the type of material chosen for
the gate dielectric 108 is not limited to the above examples; for example, the gate dielectric
108 may include any material that permits induction of a charge in the channel 110 when an

appropriate voltage is applied to the gate 106. Accordingly, other materials, which may be
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not | i nkfe@dlcAlQabbied fBSYi8n SHHeERAIBSpof QlpoSXiBNRhEhelf SAd#iodi €l ectric 108 may
include any material that pérmts induction or a charge in the channel 110

when anlgpl opr sane embbdiatgats; sheagppréreld 2t eant refogaeé byosidatioooxfdhaghty, 106t her

mat eri al s, whi may, be kn to.thpse skilled, in t for .gate

ot ruot ooty SpUBY B2 Rl AP PEme Rl RS ik tepontg 26 e PL BBt e,
[00431 &roer Bl YHowder!ibisaknessdektobl ehg aietyhO6f hbitddriswveamaheutho3ed for
angstrons and about 3000 aggstrons arid the thickness of the gate

di el ect tieconpgiqnsohibevipaser dBdus neb lignigd tte dhes abave exsBessmdangs tncbids, any
Ho : A f t
i o ot B EAd Blot R Cherki O RTRER0G 0 A W ORhEAE e ARl A cally o

t he actisvintedehé gae 104. [ 00441 The spacer 112 can be nade fromdielectric
material s such as EQ oxide, a nitride, or _a conbinatign thereof (e.g., a
mul ti - | P8Pl stenreelly.dhe snsger biZenay Histudeiafdickaes ranging Semurkexf 4@ aigsHemspacer
112 ca nto.hﬁ)ofup boF gné% ofhsY .q{dv@etvgr, ?tLis (%3 600L 4SS od '(tjlﬁ? ltl’r@t'hi&nesjg l{)g tﬁlﬁ%pa!:érni' 1bed

to, chem cal vapor deposition, physical vapor deposition and thernal

oxi dat i may vpOwBh thendesmmspentiodioms nf she dchiee spacei 04 1 Pocannipée, flor thidtnbys

oxi dation.of the te 106 materi al,. foll owed renpval of t oxi de from
over t Hel LR5RHFE! &2 T, VA hERLLYS 58%%%%%% ﬁgﬁ’sre FHS! PHARIZ OV s ¢
be undegstQod ¢ Hatitstroguifay oﬁﬁni%f%ckﬁp%nf%ﬂ@cﬁﬁﬁhaoﬁ 0TRER 0 I'Eie\t/ib@ 104.

formation of the spacer 112 is ot |limted to the above exanples and may
i ncl udel09Ay] niitveitli bd apmieciated by dhodvatkilbesl imi the atthibatf drersdtdtmeal ebntactgled2ecan

sidewal | ..structure that elect.ri.cally isqglates the gate 10 100461

Gener al 1550 e Bhie pPoerBernayih Bre shenSl DT RCERE Grig psonratimmeiso
angst r ofBsdnfe aRBUAInZAE, ANGS! dlQiBeal lHOMRYE122 id plased Sobetdindedhah@@d 1daade t he
t hi ckness of the spacer 112 may vary with the design specifications of the

acti ve elestried apmet a2 cax appiucly tosaleentivekn afect ghe mmbikiyadeqarriers widnn ther v
with th [ t. t ' over t ce
116 and L8 D95 RAFEER, I 14 BEpRETA] BB BB RSB be N R e
devi ce in@dulated (e.g., by increasing or decreasing the thickness) to reduce or increase the effect

that the electrical contact 122 can have on carrier mobility within the channel 110.

[0048] The drift region 114 can be formed within the substrate 102 and spaced apart from
the source 116. The drift region 114 may include a doped region with either p-type doping or
n-type doping, depending upon the design specifications of the integrated circuit system 100.

By way of example, the drift region 114 can be formed by a single or multi-step ion



[00471 It wll be appreciated by those skilled in the art that the

el ectrical contact 122 can affect the nobility of carriers within the
channel 110 of the active device 104. For exanple, in sone enbodi nents, if
the electrical contact 122 is placed close to the channel 110, the

el ect r i vaplagetiemprocts? acanglpos iniltistsp diffusiegatetiviaque, af faembihaionmoeteof.y of

carriers. W thin,the .channe 10., Accor di.ngl At I,s to.be under d t hat
the t i cieabl:pt s ERRACH 4 15 pARERLY WBR wiker g mORL RS TR0 "o
decr eashisgt t5hx 10HT gkmnessy. HoWEEH 8o of RaaRasRpificadifres fortthatrithegion
el ecni cal contact 122 can have on carrier mobility within the channel 110.
[0048] The nei be apeppoate1deperding ke ther destenwspasificatines el infegrated ciegy
spaced o] o} i ) on. include a. doped.
"eqi on G 4Py BES S HNAE ot Morel iy st BUNENIAES Tl BE iftSicicf
desi gn $peniaf abatihdnd efroighelei dobegrppd@ids.ci rcuit system 100. By way of
exanple, the drift regi on_ 114 can be fined by a single or nulti-step ion
i mpl ant M048h Grewaly hgdaft segien b14 mbaunded wdadi o oS Side Pretisripe setacsrl 1§,
conbi nat f Il [ j 1 j ped
B R el et ik b T R e R S i e
| ar ger depts vattie thd eydistrgtealiButhbisexcoeds the dbpill bf thegisolatidrd 4trmayreb24, while
appropri ate dependi ng on. the ign specifications of the integrated
ci rcui tog‘ifgf’@ﬁ’\g ,rt“%?o?fgtgf’/g?t?qsg: will be appreciated by those skilled in
the art[gogsa] The solrks 116 @R 88 fdddbdByh@l B8 shbGlad o 8id Sp9EAdFarf @RAN e
profil e(sl._ﬁ[ Q49}Mcl5e%§r ally, I]Eﬁbe d(ié&dggi %g 114 i smbqéjlndedy&wginpart on one
si de bydtiheegiop 1 s4r The eourdgl bf mahen @ted r¢Qon wilth sibmep¢ PIEIS)- t he
drift reqi 114 .may .al so be f%rrred to.fa lepth.within the substrate 2
That  exBsqortie abeetborins SeTRLsrSifulPh pr il e gf Ui ORIt A0
por t i onBYfwiyhef gakeld,Qhe sd2850] 6 Eaebs PoieR Byl SingRorheultiotdEbnihdpnfatione
substratg“i 2 andi.lg)pace?jsapart fromthe d.ritgy'éL ?ggi (gn. 1114.€ﬁ§'hé1 sglrjur ce 116
may i gpp@a@%ét%p%@glﬁ egimwiiwiep Hildisioretechniaygseotio pombinatiomtheraeé @_@?ﬁ:rﬁ@y,t
ependi e egi i e c [ st em
100, oy e R HISErR AyERSHh S E08uRl 0IF OMEPREHETEHISE KoY
nul ti - shtemsiontt. | b @ateat pgerpoocastestdephg sinoghte ©F thul dour@t eps dindif usi on
techni ques, or a conpination thereof. Generall ¥ t he source 116 can be
heavi | y2RISPREERIGideRending gante fcsignapsatiicationy ef the gnemated qrend 19s&oARY-ci n2.
However r:Qf: : i . O, Y.
appr opr ST ENSE G MIEP kRl 08 o RUE NGy 1Tnd R (ANREROLS (TBYmAL glso
ci r cui t irslsleeerd@thde Nopaoperfiled.t will be appreciated by those skilled in
the art ¢t he source 116 .al so.include retro-grade dopant. profiles.
100511 WALt Pgerihafie saiives T4 i paioget et oh Oﬁarsvgeow OB pady It ¢ op
sur f aceb1@b@fatt N@2 S URSIhAL EmBOEmehR, ST RIDOE MBRT fso bR £La dep@ MRY
al so be formed to a depth within the substrate 102°that is less than the

dept h ofWithinethiesglbatratonl 09t that isutess 1Rah thwhilémsh efethk dppPathap strypdurei B4, ofhitehe
gate 106. ]1005§i The défathn Jtzgogay i nclude a doped region with either
p-type UUPIERBIEA B 86T Hg O dependi ng upon the design specifications of

the int Emsa} eth&idegni 120 §M§tiﬁahé&e-d®édmﬁioaf wiRl aiBke p-tihe dapia'Frbrla-Qy;%an he
formed by single or nmulti-step growmh techni ques, single or nmulti-step
deposi t amng edsppidjog spop theadestgrbsneatiicenonshel defintegeirs eirquyt, systear 40Gi By120

at oni i b 0t oSaB Ry bl oGP LRSS Mk AR o <R G0 vy

be appr sifgleat endependicpesiton fcbtniges] 61 a S@aBBinhtiGathc0s Obndriley, ithd &gt 9
circuit system 100. Mreover, it wll be appreciated by those.skilled,in

the artcathhe hepwlydaped with Aederanis ophabeidel PELY 0dp ATEUHOPAAD  prempiBsS.

However, larger or smaller doping amounts for the drain 120 may be appropriate depending
on the design specifications of the integrated circuit system 100. Moreover, it will be
appreciated by those skilled in the art that the drain 120 may also include retro-grade dopant

profiles.



[ 0053] Cenerally, the drain 120 can be forned above the substrate 102,
thereby form ng an el evated drain on the substrate 102. In such eases, the
drain 120 is not forned within the substrate 102, which allows the drift
region .114 to occupy a portion of the substrate 102 traditionally used for

a drai n[¢M5g] oFepsrapy.¢he dtan LMV ke fareed eboveethp sdlstretyi K2, theieblydpriing anhe

dr ai n. t t e,10 REP i on. .

orgor vion S8 Asin ladng WOSHER: For D8 st Gl ahs EBRLATTAS RN SRR 0B, .
sur f acesuatsaate( 102 . whitthellewsrensdofi segbnting tdridetipy @Podtionl 34 tibosubetrated@d t o

he increased to reduce problematic substrate currents). Notably, the
present tf?ﬁi‘\?@ﬂ%l gsqﬁiaffg didsrpveren phareviols bPMIA? struefig metlw@f%rﬁs- aRy

met hod : j e LG i t rents
(1 sube. e R B e pe BT e M b P Bl ™ o
t radi t i olameswithinghe dubstnsi K2edith@MoSnsimingtaddgionalwdevale Coioe biee (de.athe

region i.n the substrate 102. For exa e, traditional L str.uctures
exhi bi t SERFPFIONS 823\6, TS regiop Ut 4 58 Eﬁg‘%-tar]?ﬁé’i‘%ﬂ%fa rooteﬂgﬁegn\@marlgswgaw

el evat egyg¢Rd)n ﬁM%lzmhé%sﬁﬁtiHO&t@s_Habé dRESse tharedidBRSI-RhQIUERSnaAN-
1"b",a, of about 3.8 mcro-anpere/mcroneter. [0054] The presenf inventors
have al swtldidsddlrepmssent habodiments| peoditcesla dedcn with stleatmatenairrestsibobnad thahere

present _enbodi nment roduces a device.with substantially simlar threshold
Dot t age GUrt Rl o RERF EE PR B bfiperes b3 RediBonal el feheli

devi ce bpea®doywicraty, agRich BMRRS)heC baliaGEEbh Sthi B8 Afhshate! Boh. t | RIFabxShgIE | ar
di mensi oned LDMOS structure, 100551 The el evated drain system and net hod of

t he pre&aditiostddiVnte chiressixatukan hemdoapbout 20 nvisroraepgreAnigtooveter tréilgr i | |

region 4 i ri regqi 114 .t0 _|n its vol by
occupyi %}%e ?lﬁ‘téﬂg%?gér{r%% %tg%//y: %%s 3%8§c°ufghgop%gsfgg e]inr% 3((111| ePc?néﬁro(aﬁ%%(% g‘r‘bﬁ?"n&m
Accor di aighy 3.8 h&rsyisiperyaieb-netdaod of the present enbodi nents helps to
reduce the active device 104 Eliét(:h because the drill ion 114 will not

re :
need t ol¥4hadae IBpEET ICHErS P8ve alfgcaiserisrady et the eleveted cdrape gystem pngy

| east o ' ' j e - teid t hat
T LS R R L U
about avolweet(Y)(2@)acpesitentrivedusdni 0., thabdtedistoy,emdtdeaice bfcatdéwadbagenal
LD1VI OS i.ge configuration. .10551 Moreover, it wll|l be appreciated by

t hose sﬁgﬁ%g) F}H‘rf“?’i@%é‘f:f 4% hipdifipeal i tdéIHe’Eﬁ‘%Heﬂ @%Mpérﬁt%ﬂﬁg‘r%_t hod of the
pr esent ((RBpATHE R aRANIkiRLANE L rahes OPHAblcatht IHCAMARL ABIdcls the | N
ternms of device breakdown and relitability) due to | ower substrate currents
and | owdraipdP@siartielly mbave thande§. reom ekbnperby Wlowelg tet dmg ragidn dg#i i zi ng

the placenent.of the drain 120 (e. above the substrate 1 ' ighly
Goped 1 HETRGR: 8ol Bitpimenbf B PRbh it irt b gty 1ENas ST on
br eakdowhin/ OAa@BingSy, MRS syHEEH afle thetdd SUEH prdsbid RMARTHES helpdPRedduddaR | s

al so | owered because of the elevated nature of the drain 120 helping to

el i m nagdivewsriced4 paphbitaprdearduegion tiHevilemiceed jodrrompdmlongerézidpetoneen
the drift i 0 sybstrate 102. i.tianall Y _Wa f
exanpl e],;edP %e:ﬂﬁo%ﬁb%tgaﬁ%z‘gf Fé]l?%gt :ig r?E (EﬁaStaOI}fe?/r?%oe : S?th%{(r}\ aﬁ}%’ ?rhg%g?vev%(fb%th(f rain
syst em pit€ertetV@dcbrothat fiee PeesendranBetinien metdd dltbopleenméaivotineves due
to the reduced substrate current. 100571 Furthernore, the on state

resi st aRO¥IqeRIIPNE @f tWeRly &0 inFEccabsdbistiaman pigh avelothge of adirdationsy LIMVESI ng

t he resj ?@5‘&] he drift region 114. By way of exanple, the resistance
of the gé;l t r%&%‘gﬁu can be lowered by utilizing the elevated drain

syst em HiG6hreMuwoebvef, it lnéll preeppniciaabbdithmetskilledhincthe mediatetht hidevaitezledrain t he
space within t(Pe ﬁ}légstrate 102 required by .the drjft region 114, [0(1581
The el eBXF5R AN BEHICAAT R escph PRROFEIFRISTAD hRt8roy ¢ RRF AR QP SRRSO R4TEE or
sal i ci dg. &! RGLHhE S S BrEdledoGAMNRGfidnifify) 8le RYRWwel Bfos8aetoulMfis dnliowgur ce
116, and/or the drain 12.0. In sone enbodi nents, the electrical contact 122
may i nchardstiangpactanhest Fogexzombe dnydetoeating ardneptamizieigebe placaherit mif ¢ref draim

bet ween |t sel f .and anot her eri.al.that ig thernal stabl.e and provi des
i for &1 Botr #RAF 1TSS dBLGFRiebly YonenSEEEEM PGt RO T LR Ou hEHTS.

the el egibsirg@l 1020Rb aB4t jhRioBdrehioOolERE aGhPU¥gaBIR| ARBLBH @k Sasdialt as,
tantalum (fa), cobalt (JCo), titanium (Ti), tungsten (W, platinum (Pt), or
nol ybdenum (M) . In yet other enbodinments, the electrical contact 122
formed over a portion of the source 146 can be aliped to the spacer 112 via
a saticide process. [00591 It is to be understood that the integrated
circuit system 100 nay undergo a cleaning step to renpve surface

contam nants, such as particles, nobile ionic contam nants, organics and
native oxides, before fenriation of the electrical contact 122.




[ 00601 The isolation structure 124, VWi ch may include a shallow trench

i solation structure, |local oxidation of silicon structure, and/or other
suitable isolation features, can electrically isolate and/or separate the
active device 104 fromother structures. Cenerally, the isolation structure
124 may cinscitude ia dl5a dawdrsdlbrriwa oft thectlevated aatwecohdhd dulimtli26nhgpingdour e,
and a thj.rd isol at.ion _structure, B of anple, .the fiyst isaql ati.gn
structur fém%:ne'illﬁe BECH R CBRRCANT alfq/%rmx’tlf\fq\gg Bt B%éc‘%%bulnﬁl?lb ATy f’?}g’t’aﬁ‘? ghea 4"t he
third i sgliat i Dhasd eGhibktRtC R, baddiebnar, BetwseasT db@pfd fethdt $ahRt iféction
structure and the second isolation structure. The tﬁi rd isolation structure
can al sof pdeypaéxmed parthe elevried Heid pysésm padmethiodpfshe presant empadiments wacond

i sol ati i , the isolation structure
124 can %%%ra%g%h?lﬁlgm agglﬁéefoetégrr?@ggn%ﬁjeg??gt{eggﬁ% "as silicon oxide, silicon
ni tri de[0057] sFhitc@morgxhiiiohrdtate . redistandeh@ong rddatle menes devitd@ 04 S0dyabls® e
structure 124 y also include a nutt |ayer structure ofor nore dielectric
mat er i af§ucshons PR oreedis iepigtanerel the grid region d hdr By wvayof srampleathsapsisiancecr oss
section i : i & CLH: S i oLt t gge of
manuf achus ot Reidhfld e BT Blng ) B ad Mol Rl Bhd ol 92, 2
pr esent therresdntembodamkhts behidie seiucb ad sierdfitine spact ethimaht exdtstrafe 1da rddosd

device, but jt.will be appreciated by those skilled in the art that a PMOS
devi ce B%ﬂ?eo‘lrbféreﬂbq”rﬁ&' by sinply substituting opposite polarities to those

gi ven f gjosgheThVMER PRS0, aRetht AaY idddsid £ Wik guesandi @aPsciSicrk the

present enbodinments will simlarly apply to the alternative enbodi nent.
[ 00631 tlectoinel eomtrstlicar e forntrel euebshe gdte 10Q2heagurcnt] uded/ar pha gpm Kbdhr at e

doped with i ity i ity, h , f l e,
subt r st G3 a4 hérmadl el ieRRte SRR aBp s db i TP Bl e
i mpwi t y fdaRaint el el v eite @RSt RGO 211 ShdehQdier PXAER] tRItQS REk@ARy s@blei @At | Y

doped formof the drill region 114 with an n-type inpurity dopiun between
about 5RIPOBles t iU eleskita] ppartiss ugite new sasthtaachealn othed oppelepdioents.othet he
source Wt | [ opant. b n 0 | x10" abqut..
i 1018 ar ey 2 08 fuRHL RO RRbaDRIRRR PHY eidle LlorRadh
the art (Cdattithduge(TiRr udgabd gW)dgRaaine qQRES v @biyddsnued (Mg, | iTghfek Yoteaped
region 2og, the lightly doped formof the drift region 1 |4, and/or the

heavi | yeaBpEmentsr tcoflcttgalsenntact 1226fommgd maenpmosiin at shegapeeiil hg c8n behe

desi gn gpeehd aRd,90S 19 b circuit system 100. [00641 Per this
enbodi maﬁ@,% t%e sslgur ce %X%ﬁhﬁsﬁgeﬁdﬁyﬂ%ﬁjt region 114 can be fornmed to

over | ap[(869] ekss tabe poderstond it thednicpaitel difihjt swhteinel (0emmy nhdggs patadingapar t
fromeach other. The.drift region 114 may .al so he M ned to envel ope at

| east offEP &7 4MRVE LBfaSE FOHARIIANE SHE AoRArfie] P et RIS FOPIREI RHEH 9E$2MF0 and

the drajdy detle ORRes ANB Yorntd@WR Ve the didctMid bolgcrappr eci at ed by those skilled
in the art that larger or snaller depths of the drift region 114 may be

appr opr [0968] d€peisdiatign etmudtire 1ddswhich peyi ihtlode b cmalowf trérvh isaldtegy stuethra iar cui t
system [100. reover ....the drift region,114 . be. .forned such that at

| east oﬂ?&gls?’fl\}/gatbq’n ?ﬁghfﬁnl FIFUCPE G 3 9 At s%%%q@ﬂlaflﬂnﬁ reﬁycaph%ecgl_&???ly

sur f aceisdlb& afd/sthepsiabsthe atevel Bdicdnes eoh8theF bifictiredi oRndrdrty Whb lisoldMogr f ace
(i.e., the top surface 118 of the substrate 102) with the drain 120. [00651
Subsequéhicture 124 mghigciude asioat iselation semetutehe seonfltisqlatéfinosiruciute, ad.a Girdeal

step ¢ | ectrigal t.ivate the ants within th

subet r abePBeBSIhAREE Bt Baf bPEGURE b Aol M fOOM S BBt Bem « ha
t he anngalsesindfsdtatyor figtictidle endhy thike isdBltioprsaaeste dahale fBieed bdtwadd the first
activates the &pants or_ repairs crystalline danage wthin the substrate

102, sueAlatien girpcipiednd fas seapndaisplatipn sueipiek L heribiedisolatign sirueturepsa plsaseal .
spaced apart from the first isolation structure and the second isolation structure.

[0061] In some embodiments, the isolation structure 124 can be made from a dielectric

material such as silicon oxide, silicon nitride, or silicon oxynitride. In other embodiments,
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[0066] It will be appreciated by those skilled in the art that the gate
106, the gate dielectric 108, and the spacer 112 can be fornmed by
conventional deposition, patterning, photolithography, and. etching

t echni ques known in the sem conductor processing industry for the

manuf acthgrieolafioragitioise d@¢ inmaysalgeinghde armaltitlgyerf soruaturgyof dree ofr inpre ¢ielgéton 114,
t he sourc%i]aﬂi& the isolation structure, and/or the lightly doped region
200. 1088 eferring nowto FIG 3, therein is shown the structure of FIG

2 af ter [fose Refearin@abwl @YBIG.30CGhereRNRY soh atfetidrBghssl a¢aonadOdewast e
formed over the entirety- or on selected portions of the integiated.

ci rcui t indgasetedn cigpit Ty9WEB 100 ninsyhenibph s@epreit Banufpduigaik asydancaontlc 48 be a
positiv . i j i t E . : :

bpeni ngt R fERPLL KR BORhERR R, THhEplElar Sl AaRBMTEO B (RN

pat t er néw doytcis ofign MNNOSI ddviceabat it @dhiegappsecndd bk tiwase skillediim tiehat that a

sem conduct or. processing. arts, Generally, the thickness of the mask | ayer
300 canPVHYS dpweseed ézs%efm%bby FERRIY TP EIngRprast PO lanidRsOlo At B &t ©or

However ﬁfvgg% S%D&mnlts?ra{lﬂ ghﬁktﬁg Yechni s %ﬁ‘& affRRs éﬁ%ﬂ@{pﬁ%gﬁtn t@i%ocﬁﬁlegts

appropriate I ng on. esli gn specifications o egrate
ci rcui t wsly sitrebarly@@ply[t0 G6Odl teltatime lembbéinampr eci at ed by t hose skilled in the

art that t hi ckness,.range for the sk Jayer 300 is .co ible.with sub
5 nanofbal ot iorBEynaHene St Brary Hilioh it Des p GaaRarPr S e Khe
i nt egr ah@d, infphuFiGHisticlS 4§ b8l 40 8fLndE eateYsubsEMeq@d2 mdh8lsBriRSIAM al li'%hg\%/t ors

have di scovered that by naintaining the mask | ayer 30 th{zckness be !
about 200Q@dnragomel@e svithhatp-typet ingalritylidopardi atweameboilt oflOsuty eoutaixdfet er s

devi be i . [,0070] i h nbadi h k | 00
may. | nof A Bhe “oper Soned Ra. of et W aE0F cad YDRaNot (LHe TAYUS SOPRE udes

an anti béekbestdul 8xl @Y &5 abositishl B5admsRidaitCa Bava dbpel Pami o tithl Rluektiniee
mat eri al that can suppress uni ntended ener g%lll i ght reflection from

under | yWi§ angyBips impri doparizhasecen shoumbslO | ty/ehougdpl hagtomsimiddlen st om

anti-reficativ i f.or. e I r Oxi 0]

aur t aco 18 b5 Bp SRS, hOT sy LCHPIRL Brad UEbl BB e Bd 0T
mor e t hite lfghtigndopateregioaf200] theeighny dopddeforalof appdrifetkgion i 45 ehdeit thd hsadlyence.
100711 It wll be appreciated by those skilled . in the art that the

appl i catlPrRsd form ot pNREOUEEHh | l%ﬁ%\ybé PREOPERIRENiIBE gndhg desien speciicpidons of
verti caly. ;Si I f ening 302 within the mask | ayer 300, thereby

i mprovi thS 11(ﬁ:ﬂre t ca‘#{cugis?{r%%gilgﬁ' control. [0072] In other enbodi nents, the
mask | aj®64B0Pemtys ambodinmeat,utle saurcel dasand eheedrifbrregioprlilAecanCon h@dhedetoween

f, gﬁobgf)p\%} afp%l(% ?eag't1a8 pc?rggn to? ﬁlerg%Erea{ (516(? %hil%frerggi%inréassplécéda %%gt oorg eac OotIlg'(.:i’llﬂet ate
drift region 114 may also be formed to envelope at least one of the isolation structure 124
formed between the channel 110 and the drain 120 (not shown). However, it will be
appreciated by those skilled in the art that larger or smaller depths of the drift region 114 may
be appropriate depending on the design specifications of the integrated circuit system 100.
Moreover, the drift region 114 can be formed such that at least one side of the drift region
114 is bounded in part by the top surface 118 of the substrate 102, where the drift region 114
will interface (i.e., the top surface 118 of the substrate 102) with the drain 120.

[0065] Subsequent to forming the source 116 and the drift region 114, an anneal step can be
performed to electrically activate the dopants within the substrate 102 and/or repair
crystalline damage. It is to be understood that the anneal step may include any thermal

process that electrically activates the dopants or repairs crystalline damage within the

substrate 102, such as a rapid thermal anneal, a spike anneal and/or a laser anneal.
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[00731 in yet other enbodi nments, the mask | ayer 300 may include one or nore
| ayers, wherein at |east one of the layers includes an anti-reflective
| ayer that can suppress uni ntended energy/light reflection fromunderlying

l'ayers. in such cases, the nask |ayer 300 may include a top anti-reflective
coat i ng[QO6OARE) willheet apmeaciateds by those plsifad enthetani thatf the gatentiOér fhaatd digleetricwhi ch

uses de ucti,ve | ference between light rays to eliimnate refl] ectance.
Gener al ﬁ?/é’ t%i&fg %%tp%%; ilzgl ude ene%(r)rpe‘lamp% f?f%ﬁnﬁ‘?r}aﬁm p%&%ﬁ ot PP e nt
mat er i abhetpPthogtiphy #ndsetigat eccharide Re6wn LA SerthicomdldtorNgoaRpheGhatsag by
those skilled in_the art that the application of the '[ ARC can I nprove the

si dewal Fordhgmanpiciyre ol cpctiye dewicoebelpiear adier &anmiing therdritheeginsehlidn §re30rogi t hi n

t he mas t‘iwlﬂﬁE by 4 ' | i iqrensi on control. 100751 In
yet ot hg}égﬁﬁggﬁﬂg%tss rﬁb%%@ﬁ?té%ﬂe}g’ (%)Shlﬁ‘g@&ll %?:q'njde a material that

exhi bi t $00#7hi efeetinhnseltedIGy i3t yhendih his slegead ds: staictihe off@iar Ralftepfforhligg a
substrate 102, il e blocking the selectiv pitaxial gowh of silicon in
areas | BRfk g’é@"eip&)d . §wr ?Wet}}ﬁ’ég%kﬁéxﬁé? 04 gan gi%@"?’@‘i orgiiBE NGty FaEpelseteghe
openi Ngp39dndb Lk ttbSafcQlced: syAt@h 185 €a over the substrate 102 where the

B
drift region [14 is ?rocat ed, 1'n one enbodi nent, each of the opening 302 can
be formfW68h Enseameembadmentsgtharmdsk leygi3®0 chidetahmtsitive drowepaed photgedist by
two of the isqglation structure 124 and e top,surface 118 of t substrate
102, 1 i oL GBS GHES 8 PHETHALE. PhySh CB0: BB AU 0B doh B
over t hgeghsitbd _a&ﬁg'tpﬁﬁ‘erﬁé& By R oit8eaIs| 4l fechRReO wal kdovi! SRtEA Clhe
met hods sel ective to the conposition of the mask 1ayer 300. For exanple,
t he naskemiggeducBy@preenssibg astsc hedndsglly gherdhickuedss of the ynask dhyarhElf et vas.
However, it is.t under st oad .t hat type of etch chem stry used . to
eton' ¢ naetirken b0 A0 BRISHS g Bl PlFo NiREpS”! BRI ITEE o she
mask | apecknd6s os theanimuagydr 30 e @préRasd déeR@nf oanhOfedifiesdtifilchtidnggi on

1.14, while remaining portions of the integrated circuit system 100 renain
cover edobpefHegiedieince aystand00+t her eby protecting the substrate 102 from a

b oy . . (i
of the. Lleof'PRAEN Hs3BpRhERa Ot biTRe SRR Rpeb I RO, ' "
under golagecBe@ris ngmpitéfe twithr DGe matsthaee tabnblagy Nafes thes tdtalasndpadrticall es,

nmobil e ionic ,con%%m' nants, aorganics and native _ oxides, before further

pr ocessEFHYCESHIBNCRBIEFAGh AR YSEEEL 09 are Ziealdy sidyced JhemRCSEMINEEHOISt ur e
of FIG i c ral 0 rat 0 d
over or "ay tRE Y [k B sRlinillnd [ Ipk layf 308 Flndep B0 Bt ORC,
occupy témnspes thahcticah dinhassubsntrat & si0 55 prevmeus! devoes upi lediniproaed.

traditi I drain.formation. 100 Generally, the drain 120 can be
made frmghhy%\%g SRORimER Palhe dsk 1E%A S0 i lf’%}}%il%f\;?‘i/o‘g’inBWat’g?’gW,er?/‘Pa a
sel ecti Mele@Rioha%k tHe 197 QWML IIRICO 68 $8)i-rON&RivE N8/e8 WSk hate otfic i fRorganic
permtting electrical conductivity. By way of exanple, in sonme enbodi nents,
t he expéiskedtirisonaiaial dhatt ¢rn supsessawmnteo@edpientrigy/lighe refpetion ofr@0 2yndeflyiig G 3,
can be subjected to one or nore. | ities.during.the epitaxial growh

pr ocesslsa ﬂjéh irhgltwth[ ﬁ%se%rtg‘?r{mls%olaﬁﬁr@g{))% Por H@ﬁ’ldﬁsgé’ﬁnﬂ% gt Ftﬁ‘é"tgﬁ?aé,ng
wher ei N(BAREP ot BRUMiPIE, BS i@F)ﬁ»diﬁl@fé th@topNViRacele Y8 6Eteadsthrté YOE GoRsHIlY,! €s
are used for PMOS devices. In other enbodinents, the drain 120 may not be

doped direiBdREreayeiprliuds pag orneve thinfilor biyers o different rhaserdal appligdeinta sglegisged by
an i npl géa]h&]id'eon or diffusion of inpurities. 10080; As an exenpl ary
illustration, the drain [20 can be nade from an epitaxial ntype doped

Si li con[0031) Drwillrbeepipteaidtedby tHost ypded dped #1 thaCtid HplicmidhwNa(ISARE)can
wherein the n-type dogant is selected from Gougglv of the Periodic Table of

El ement ¥0PPYe dicHdeualeangle ke 2dicasate 2 wrtiaa) st of theeeraning Hyp@dthin the
phospho ! il - ‘gg?g]- Ik 2 avi |y doped phosphorus

sili conﬁﬁgg(y%%ervaqoztﬂgkﬁggpggao % (E)ES?L or tﬂlg étg&}g@h about 1.xI (atonms/cm) to
about | {002 Inabdibes bmb@JimeAs, alne enackrpdyaer \3 00| hang talsatinclinde tahelddsaiayed 30 acan

be grown.via.an in-situ phosphorus ed .sel ective epjtaxit ro met hod
Phat' 1 opienrtet etutetyhl RPabGbe 1RE et FrBngST %ﬂleamasqbﬂay'%g%tﬁ

sur f acefdiBatetehbrg substrate 102 (i.e., within the opening 302 of FIG 3).
100811 Cenerally, the drain 120 can be deposited by an epitaxial process
utilizing a silicon source, such as silane, dichlorosilane (Sit-1202),

M chl orosil ane (TCS), or silicon tetnachloride (SiCl4), at a tenperature
bet ween. approximately 500 C and. approximately 10000 C. However it is to
be understood that the drain 120 is not to be limted to any particular
type of



dopam dopant concentration, or deposition paraneter. In accordance with
the present enbodi nent, the drain [20 nmay include any material, dopant,
dopant concentration, or deposition paraneter that is strategically

engi neered and designed to permt the formati on of an epitaxial |ayer

exhi bi t ({31 hén gptapiher embedimsntsfthe mssk rlipyeal 300omdy drélode oh@O8Moredaearal |y,
t he drai e _de { L t.h a thickness ssubstantially simlar to

t he conb'“{i]lﬁe t?ﬁcﬁsﬁe%lgz §? Sth %2@6% em‘ilBgesaﬁ% %léregg%heved?aé’%%?ti M 08P FRer eby
maki ng uhieseded entegylight rellbsioartinduherbon®lagbar In Suhcades; e tadk @l érBnOMAY
ease the process manufacturing requirenents for the integrated circuit
system W.m‘lllé‘iﬁ‘eﬁl@rp,amtreﬂ@ttvé pelihdetkEbdat adhats & Hespaicekihesslpinterigcedr ai n
120 depgosite Y.,dncC t.hi ] | ectri.cal

conduct 1arEy A peR “URReARy ipERRS hehiith, PERTHYS . PRI relecnance.
devi ce C@derally,0B83IARGE matyl ihclbde appoemioad tdn Bim tiiheseoS&ifletead marertahepplied t hat
by enpl o%i ng an, eptaxi al process for depositing the drain |20, the drain
120 may TbbiLsHCEsBPSSFal |ine structure that is substantially identical to
the cry i Ot at-i 4T > or
<1115 SRl ol Depp Rl Y (R THRERa) o Je eaBlieaio T TR

t he art imprave e fidewilhgnglhdegr, airentd 20veathoy sidevellpf tHe omgimen3 ML 4jthithéte t he
drift re io](%l1 1 Ahorrg}/ ow f ul I.¥ uti.lize the volu of the substrate 102

pr evi ougﬁss/k é’gép ed by PRI i HATC S@P&PA ¥onf i gur ati ons, ther eby

| over i ngyoFBpSt At &t eiBdBHim A, a8 hhsk ﬁg&azvotrﬁﬁs%chﬂeq Mitesiiahf &edighance
(Ron) wthin the active device 1.04. 100841 It s to he understood that the

sel ect i Pehepi¢h aslgctpiityceil regardhey preesatstiababtdi swbaraie gody ivtids Hlockuigothiei t y
f th i i { tim f f t i nt ted ci it
syst om 10515 SRR BRP b el B R SR mb Wb BERE ot on “and

profi | e[(®f76] h&esakrally) cddDof thedpaend st arefto bb oraledsh habh@aloOer thd 00RRAtel to2W | |
he appreciated by those skilled in the art that the electrical contact 122

can be POPivele ddrregion lg4tis laged. t eorsoembediments caginef theepariag302x@ndsi ng
oo ERGEY ST ELL ARG KIRIN IS SLAPTERNELY b M fifuin

appreci ate e ar hat” condu
| ocal / ghtolzairei12d emdohaeci sudare DS ddheadbsyes 10Re [h rithgr edsedp@tioaubf tHeyst em

B e e I, b i SRR o P S S
not al r gaRY.step QREGdethSI QTG %0[}% E@ngcgs%n o tﬁe nﬁkl%ge53 0o, 1 g e'igﬁpl%ofﬂé of
to describe t

t he sane reference nunbers use e Integrated circuit system
100 i n fhgSlayer 20(aerh behetcladoloe sensibepect of dEY G8h cheristrids. iBowotegdt tshtatbet he

| ayers, structure nd ocess steps correspondin oS .reference
naper suiererd T e in Bt BRE “DaRirhurace Sroas cant 87 SO0 shpocreront
thi ckneggat &URGbHA, is ML GRS fable ¢4YRE A0 Ss re@idvedl fASn bPeOfq e IIRGHof the
reference to FIGS. 1-4 and, th.eretbre, their descriptions are not

reiterafed megiodet ki, | white r@h@gingspqrtiomatofethe tihtsgeest cirptit opstenf 10heehaiper s,

di f nb in FIGS,
1- 4" or o R BB BRI B0 SREPIRRERTR: M bR AR, B R Sprdiate™y

[ 00871 fRelogitiohrgpnow to FIG 5, therein is shown a partial cross sectional
view of the integrated circuit system 100 in an initial stage of _
manuf acti@’dl i it spiedeabpdiaciis; Khaperased perfisndeindgtsubitraind 0p(egerihe pavtiont i on.

dovi be. e (TRAR T80 M maP yRER60 b AR SeP b dghfe SRRE orPimBhe e
devi ce amhl 4 patitles,nedblly ishiopiontanihsits,t viganigs eppositive POHAL ivefes fuphdrhose

given for the NMOS enbodi nents, and that the techniques and aspects of the
pr esent PEABSEEents will sinmilarly apply to the alternative embodi nent.

[0078] Referring now to FIG. 4, therein is shown the structure of FIG. 3 after formation of
the drain 120. The drain 120 can be formed over or on the drift region 114, thereby enabling
the drift region 114 to occupy the space within the substrate 102 previously occupied by a
traditional LDMOS drain formation.
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00881 The integrated circuit system 100 may include the substrate 102, the
gate dielectric 108, the drift region 114, the top surface 118, the

i solation structure 124, and the lightly doped region 200. It is to be
understood that the substrate 102, the gate dielectric 108, the drift

regi on 10091+t KenegPy.sther desén 1128, canhbe imasieattoon asy rtyiet @f endigrial Gt cahde
lightly i 00. | nel any of .the characteristics uch, as
et or i AP ERanLEBhaRe 8 b T it R B e BEL® BT 1R Ve 1

regard pornkitt(Es, cldctdcal LOASLdivithe ByntvagrodteRenple] Blsdme ¥isbedinkRR, tHRQWpY&,
differs fromthe integrated circuit system 100, of FIG 2, by not tbrm ng
the gat 88, oft e subshiats 102 yithgntegwepng XBupEElG13 @n hensublastedgle @t or

manuf ac A : - L. pl [
't ooy arSat by e 8RNy AR bBGR pROEaRRa: Bl WD 124 pl i dPrmed o
t echni qaesy-typeestelsyureashagint metype ampsstitsabic uskd éanSM@S ndesicen dntep-type
manuf act uri ng process (e t he photol it hography process) and enabling
more pr HBE‘E:‘?tgeStacSe ﬁ‘é%‘f fqrh%lg@ééé?‘fl? &d H‘e%#‘@heméﬂﬁmeé H%esdrafn _ﬂ%maﬁt%rb&t ed
Circult ggyst (ﬁfﬂnéQQe e PR L Reh§I5dBY ROV & fh&efien fg‘éfﬁe%faﬂ igf{b@%eﬁaéfo%gs y

structure of FI S after formng the nmask |ayer 300.
| ayer 300didamiopeffmpwmitesover the entirety or on selected portions of the

i nt ircuit 100. It | , b der stoqd .that th k|
500" ooy 1TROF 08 ik R R ezt 1 iRinc 00" SHeS ol Pl taToR titon,
thic kneﬁ@ped%ﬂl‘i'co%(@(—)&ﬁ%n%?ﬁﬁﬂb%%e_ dpegLilibed cainvfink gsm%ggmeréiﬁ thd Gtypd»

100911 Generally, sonme of the oFenl ng 302 are to be forned in an area over
t he sub$§epat & tedyiiiern Srokp Vdei the Peagilion abliedofi IEleingntat dol sudhreagese the drain

enbodi f _the.opgeni 302 canbe.forned in an area.over the drift
region T meRar S s bHRASAERR AR el i S B F R R D820
and t heph@phstus fstven 1d@r afitlt HAosiup S HAbEhbAR. bekWedl 4HMRE 18BEE (at@RE/tindN® Of
the mask | ayer 300 and the gate dielectric 108 can be renoved front over

the dri feoYtdgidn (atemsisym s ISy rgmdiany dsseden dhe diain il 2Q capbe gevmeRmeds
A i AT . as.
S oC L VAP SRR B0l LRkl A TR0 AT e RS Y 55 1

over - et ebowvefthe hieifiopginnbl 43821 om theh@pharfazont fibf the adkirag 10ani.be wiimitet ed

due to the. boundi in part of the drill region 114 by the isolation
struct uP%erﬂlﬂg&%@%QOé)'ensuri ng a reliable electrical interface between the

drift reag [ : ; - d,
100921 el Crterdll (OS> o P 1B O cpRild GURSE R EH SR
af ter f ek sugy woelssé, mgehl @esitmal(SiH (N etridhlarasil A20(TE), besifiamnedadhta@ideany
type of rial that permts electrical condugctivity w thout detripental
br eakdo@ﬁaifﬁr ﬁﬁ E)eﬁrg’re %F’E?n%StﬁveFﬂeap%‘?’?l%te e&%e d102’41.‘1 #B?roé%ﬁt&wewqon (gne
enbodi MEBivevéd18isdb deMind@Qoeathdlend @LIED & 08 B REFhaaD gt culB e G
that has been doped to alter its electrical resistivity. I'n another

enbodi néwterial, igopentaidepamocanegnifationude depdrétas pyramejere topedrdent sotidtiet i ng

materi a i [.€ i. . the drain 120 nmgy,incl ude dope r
undopedbl%e(s)él{rgqe%{t%ér ffné’ot%%g lfqﬁ?@cmayg@cﬁfﬁiﬁ ia&%magﬁqﬁﬁcf&?paé‘gﬁ%é}%‘% cc?flg???‘ifilgf’n’l i ke
mat er i absdepof®i93 Jpatamey@tthanesheegieaDoeididtied idieddigied td 3BmiaheBrAloREd
fromthe same naterial as the gate 106 and dogled accordingly. In such

cases, Prangniaxigblayppiddtiting thepparpissatiesiaficlestiqahcandactien: that the drain
120 andgfﬂlsg?]egégﬁergf 8- R 100" IR %eb&/epgsi&:'dr\gitﬁ adtﬁﬁzﬁﬁéstslS%Bstgllitleaﬂyosrimﬁar to

mul ti pl eposi’ti on procCess.
the combined thickness of the gate 106 and the gate dielectric 108, thereby making these

structures substantially co-planar. Such a configuration may ease the process manufacturing
requirements for the integrated circuit system 100. However, it is to be understood that the
thickness of the drain 120 deposited may include any thickness that permits electrical

conductivity without detrimental breakdown during operation of the active device 104.
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100941 However, it will be appreciated by those skilled in the art that the
drain 120 can be forned fromand by a variety of materials and net hods and
isonly to belimted to the formation of a nmaterial that permts

el ectrical conductivity w thout detrinmental breakdown during operation of

t he act [0083Helti wil h@&ppmtatﬁddbylglhqsp skilladsint thebet tired dryseropldyinigain bﬂ)ieaxmklai n
120 can_be fo d by. a yvar.iet chni i.ncl udi nqg,,. but not nlted
Lo, choRotst oBRtIREgAbF Lion (AR arhy oy oy Y USRBLRE SRS ech ues,
100951 Myseamally iddntivdll do 8 @PRKIBRE atigttalyn rARE sﬁifdtxlatee@lm i@gthe afgot hat
by formng the drain 120 above the drift region 114, that thé drill région
114 may<hdWw, Purlyl m«pm«tntzzt@nb h¥larestvgnet will beh@psm::d By 81086 skigedin thagttyhat

occupi e it i conf |on t her e | owerin
oubebr P it dep a0 PP BT R L IR R Sag IO B uPRoR i)
Wi t hi n tifiezeagici Meurde\vfaie %Qlﬂstra[ep@@ﬁ iar&hﬁdsgsebémgﬁad by tda8itio@albEDMUSGE4iQ0d
that the gate 106, the gate dielectric 10 and the spacer 112 can be
formed BSIEYHVIGRS BFEbYdeppEing SROSIBEY Carplt argsHist GhPacHarfcasing, candate

et chi ng onduct or processing industry for the
nanufac(%§%B6%ﬁygfwﬁgﬁﬁ@%%%%%?ﬁiégggﬁ The source 116 can be formed before

or aftef00Bhe Dpat & BOGnddadad tiait die dehetisOupioRypk6eeds of testekeaeembibientsn
FIGS. | and 2, A% xenplar illustodions, the squrce 116 can be forned
bef ore PNKichdex élt@jé%thf Vigg qeﬁﬁl“‘éﬁf’|°r§’&nt1#ep%f8W’@EC@l‘1%thﬁ Ariggghedi e at e
di el ect 106
by Ut 1 171G o B8 bR RNt BofiBh, BRI Esholn lory DA BEuR R
t he gat &mﬁﬁiepﬁmedfﬂ«bsmwe 102t will be appreciated by those skil I ed in

th t | echi cal t 2 be f th 6, t h
sour ce WIS ohi it P o3 Bor i TG BRI Her SRS SPBSHe R AT | n
the art forked bher ﬂE@rg‘ﬁte id6, Whd \lsod?@e PRPLAE ol &dilPY2d hase te%hhllq{l@sdaddnmatreﬂaﬁ ar t

t hat conductive plugs and |ocal/ gIobaI i nt erconnects can formed over the
i nt egat wdll kepwouint thsyest enMod@vas it smlhebd arjmenanted rbyt theseasltllle@ub@wqmenhatt 0

form ng these structures k |aye 00 ( 0 ot her g

| oyor o JeBRE < biugS atd el RibRS e oo o0wohe FetliR Ty the at P Rl

t her ei nsyisens NOWAs @ (WeDVkRRA! i @E a8 SlEBs@@Ieﬁf ecdf&hﬁﬁgl tHess Y8t & M8 O0fe fr@dskt he
|ntegrated circuit system 100 in accordance with an enbodi nent ‘of the

pr esent layenAdift (neinshowiag of pthegmatkées leiers ghn be yesmaied gd 0o Hrdeddes provi ding a
substra C \ k80 drif reglon
T the SRS TRHEHTE B REROS SoF hRR st Sy S TuBRede hlber The

subst r atied andesspibe e iapgrdted ¢ifumitaysomr 08 ihFIGS bl -@Qiﬁd%l#proaéb@ sfe@s 6 RIGS
drain above the drift region in a block 806, 1001001 It has been di scovered

that t hi4prleserted thabheilayers. Hirsciies, Mishiostrs sieop serrespoaias éQ sprhasfraetce | s
that t
o o RS ER SRR LA MRS HRELTALE Uy Lo WA AT SEhtRofiev oo

ri regi on, endbl'ing the
regi on procestitedtméyues,peic) iasrthafe ddseritsadbisit feﬁérmqertevﬁlms'sllw (aﬁd:,u'ﬂlbﬂttbrbythalr
traditi ger;gll’lpt%%e ggta#e?terrate%l in detall for FIGS. 5-7. Rather the descriptions of the layers,
structures, and process steps corresponding to reference numbers in FIGS. 1-4 are
incorporated for the same reference numbers included in FIGS. 5-7.
[0087] Referring now to FIG. 5, therein is shown a partial cross sectional view of the
integrated circuit system 100 in an initial stage of manufacture in accordance with another
embodiment of the present invention. The present embodiment will be described herein in
the context of an NMOS device, but it will be appreciated by those skilled in the art that a
PMOS device could be formed by simply substituting opposite polarities to those given for
the NMOS embodiments, and that the techniques and aspects of the present embodiments

will similarly apply to the alternative embodiment.
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1001011 Anot her aspect is that the present enbodinents |ower the parasitic
capaci tance of the active device by formng the drain above the drift

regi on, [00102] Another aspect is that the present enbodi nents | ower the
on-state resistance of the active device by formng the drain above the

drift r&§88h, ThootempteAssrhiésynepddP may mrhde theesyhsuate 102t edindigiestriset p
; q ) . _ . X o . D
wbove 1 a5 it el PERRe b 3G P I0ME 1 SRoRaT Bl 958 B8 A, "

drift reghereg@nl0erit idhe babsddabel tar tendubstild 103 1thyehteadiclebieic 108t ant
aspect of the present invention is that it valuably su&gorts and services

t he hi stoRiregpndidibe &P suslage il by thosplation swpgtineyl2dgand be dightly 4aped 1§8i08asi ng
per f or mgee,, 10010 n-l/_h?@ﬁ’lea&ﬁra%é?ﬁ{icé/ aslul:‘l"il?'s qﬂﬁéﬂﬁcﬁoﬁrﬁsitfoge tﬁél&&?g‘tand
i nvention conisequently further the state of the technology to at [éast the
next | epelcess tfdDiied, dEberthediabovdiasegrér BiGGEdver ed t hat the integrated

circuit_s em of. the present inventjon furnis i mportant and her.etrifine
unknown [009?@} u ?/éme&@r% st i%‘“ﬁ%“,l_ i@p "Yei"ﬁ’e‘i}?é%?g’%ﬁl&ﬁ F‘B?%F‘te_gscﬂg’é‘fts for
i nprovi 0g SR80 AEGC Yl H ALt foPA[RShE lbhtcOBBAHEBAGE 110l Rlife §RStsST BOge,

and/ or device pitch. The resulting processes and configurations are
st r ai ghthiostage of ncowifacefre.echni soeh aasesoftp localt &dl glbghplnargy sditthe entagrdted

ffective, . be . i mpl ted b dapt i Kk t echnol qgi d th
readi | y it bt OEFH o WTPYSERF QORISR IR e Dl PRl Ny BRFEPed,
c1 T Cul { Lipackaaneascas thd HRAOTIMNL odche (6 BYTRY paRoNBEASRN ieesy i bad 1 n

conjunction with a specific best node, it is to be understood that ninny
al t er naenapliag merdirrpéeety tnsiectathd spagifiad idesign wiquirchwntsppfathe integigted circuit

system 100.

[0090] Referring now to FIG. 6, therein is shown the structure of FIG. 5 after forming the
mask layer 300. Generally, the mask layer 300 can be formed over the entirety or on selected
portions of the integrated circuit system 100. It is to be understood that the mask layer 300
may include any of the characteristics, such as material composition, thickness, and process
techniques, described above in regard to FIG. 3.

[0091] Generally, some of the opening 302 are to be formed in an area over the substrate
102 where the drift region 114 is located. In one embodiment, each of the opening 302 can
be formed in an area over the drift region 114 that is bounded in part by two of the isolation
structure 124 and the top surface 118 of the substrate 102. In either case, portions of the
mask layer 300 and the gate dielectric 108 can be removed from over the drift region 114 by
employing single step or multi-step etch methods selective to the composition of the mask
layer 300 and the gate dielectric 108. Moreover, it will be appreciated by those skilled in the
art that some over-etch of the opening 302 in the horizontal direction can be permitted due to
the bounding in part of the drift region 114 by the isolation structure 124, thereby ensuring a
reliable electrical interface between the drift region 114 and the drain 120 (not shown) to be
subsequently formed.

[0092] Referring not to FIG. 7, therein is shown the structure of FIG. 6 after further
processing. Generally, the drain 120 can be formed from any type of material that permits
electrical conductivity without detrimental breakdown during operation of the active device

104. For example, in one embodiment, the drain 120 can be formed from a semiconducting
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enbrace all such ifitemaitives, noth deations, and variations, which fall
within theof the included clains. Al matters hithertofore set fonli herein
or shown in the acconpanying dotwings are to be interpreted in an
illustrailve and nomanmting sense. \What is clainmed is: 1. A nethod for

manuf actiatey tha hapthegr depefl b pléwiits dyetieth eanpritysi hyangihesvanafadgment, the
substratye. i n [Walop cti Vi ce: i | £t reqi in t

substr a:dg%lhtﬁiedJ glFal!}f %&?he%i %nﬂ gﬁﬁdfégfqenhgéérdt 9%9&0%5 cIt)l%g sﬁg{f‘gglé 0 ? ﬁ(gher
subst r akembadithepatheddrapan o fmayniaclsddifac @opedner fuadspedgfoamdoisiticahovidicbhe

drill region. 2. The method as clained in claimwherein: providing the
active PR PR TIS P i OGS GikS AR dev 3. The nethod as

; 'r giM”ﬁd F[)?({)bcsgls Zﬁ RtlandbRE ehBodhn® ik Qthid 180 dERbE fdded AT $hARnRP AL RS
the gate 106 and doped accordingly. In such cases, it will be appreciated by those skilled in
the art that the drain 120 and the gate 106 can be formed by a single deposition step or a
multiple step deposition process.

[0094] However, it will be appreciated by those skilled in the art that the drain 120 can be
formed from and by a variety of materials and methods and is only to be limited to the
formation of a material that permits electrical conductivity without detrimental breakdown
during operation of the active device 104. Accordingly, it is to be understood that the drain
120 can be formed by a variety of techniques, including, but not limited to, chemical vapor
deposition and/or physical vapor deposition techniques.

[0095] Moreover, it will be appreciated by those skilled in the art that by forming the drain
120 above the drift region 114, that the drift region 114 may now fully utilize the volume of
the substrate 102 previously occupied by traditional LDMOS drain configurations, thereby
lowering substrate current, parasitic capacitance, and on state resistance (Ron) within the
active device 104.

[0096] Furthermore, it is to be understood that the gate 106, the gate dielectric 108, and the
spacer 112 can be formed by conventional deposition, patterning, photolithography, and
etching techniques known in the semiconductor processing industry for the manufacture of
active devices.

[0097] The source 116 can be formed before or after the gate 106. Details of the source 116
are discussed above in FIGS. 1 and 2. As exemplary illustrations, the source 116 can be
formed before forming the gate 106 by implanting the source 116 through the gate dielectric
108 or the source 116 can be formed after forming the gate 106 by utilizing an angled implant
to enhance the probability of overlap with the gate 106.

[0098] Moreover, it will be appreciated by those skilled in the art that the electrical contact
122 can be formed over the gate 106, the source 116, and the drain 120 using techniques and
materials well known in the art. Furthermore, it will be appreciated by those skilled in the

art that conductive plugs and local/global interconnects can be formed over the integrated
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4. The method as clained in claim1 wherein: formng the drain inlendes
depositing a sem conducting materi 5. The nethod as clainmed in claiml

wher ei n:
-formng the drain, above the drift region alters the substrate current,
t he pancrgehpeéin dAeas ipwell kaown-istthe ertr ésibstquantetodbrming theseisirecidessi the. 6.

A net hod f in.g. an integrated circuit system r.i si ng:

provi di g“gasgiaéﬁﬁ@q @?E’?’HO%‘P o ﬂgle%méﬁ % faFSrdiCSﬂ%F ﬁe%%eﬁsﬁsgfﬁé%y- the drift
regi on na0soiled cforripamnowsty FaG.8, Ohetehe isstsid at Bow 20hAr & AY igteAattdaliyg t he
drift region; fonning a source in the substrate and spaced apart fromthe

drift r&Gioh ;Sopépﬁﬂﬁgin&g&ﬁ%cia%! estan ¢00 an geoadanspavich apawbedialsovef tee
SUDSt1 e RIRRGE. 18 A LELILGPLSaNNIS el TN TELIGR AR SLOURS
struct uee acovdrdesiodsh anblioalt 1892 ¢ épthramarn wift hegibe iotthesubstrate, the drift region
bounded in part by a top surface of the substrate and spaced apart from a source in a block
804; and forming a drain above the drift region in a block 806.
[00100] It has been discovered that the present invention thus has numerous aspects. One
such aspect is that the present invention lowers substrate current within an active device by
forming the drain above the drift region, thereby enabling the drift region to utilize a portion
of the substrate previously occupied by a traditional LDMOS drain region.
[00101] Another aspect is that the present embodiments lower the parasitic capacitance of the
active device by forming the drain above the drift region.
[00102] Another aspect is that the present embodiments lower the on-state resistance of the
active device by forming the drain above the drift region.
[00103] Another aspect is that the present embodiments help to reduce the pitch between
adjacent active devices by forming the drain above the drift region, thereby eliminating the
need for a longer/wider drift region to lower the substrate current.
[00104] Yet another important aspect of the present invention is that it valuably supports and
services the historical trend of reducing costs, simplifying systems, and increasing
performance.
[00105] These and other valuable aspects of the present invention consequently further the
state of the technology to at least the next level.
[00106] Thus, it has been discovered that the integrated circuit system of the present
invention furnishes important and heretofore unknown and unavailable solutions, capabilities,
and functional aspects for improving substrate current, parasitic capacitance, on-state
resistance, and/or device pitch.  The resulting processes and configurations are
straightforward, cost-effective, uncomplicated, highly versatile and effective, can be
implemented by adapting known technologies, and are thus readily suited for efficiently and
economically manufacturing integrated circuit package devices.
[00107] While the invention has been described in conjunction with a specific best mode, it

is to be understood that many alternatives, modifications, and variations will be apparent to
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8. The method as clainmed in claim®6 wherein: formngi above the drill
region includes formng the drain on the substrate. 9. The nethod as
claimed in claim6 wherein: 30form ng the gate includes overl apping a
portion of the source and . the drift region with the gate. 10. The method

as cl ai thoge skilletl an thegarhelightrpf the plaregyingdessTipiéqry. éa'l'or@’@ﬁkyaétt‘sl“i*fél“if‘d'e@ one
of the %hx%f%cé'aﬂégd%{llr%&& %&}?ﬁca%% ah&%a.%ﬁ&fn‘éew@@ﬁ fzﬁ{wﬁ‘iﬁq %1 h885ﬂBacer-

11. An integrated circuit System conprising. a e |nc
active dehded;claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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adrift region in the substrate, the drift region bounded in part by a. top
surface of the substrate and spaced apart froma source; and a drain above

the drift region. The systemas clainmed in claim1l wherein:
10t he active device includes an NMOS devi ce, The systemas clainmed in

cl ai m 1 Whieslaimadde drain irdeudes an epitaxial material. 4. The system

as claimed in cAgidihdd Mﬁ{aﬁhﬁctu rrggﬂ %’la{eﬁlc% s?er&%ﬂl@ﬁaﬁgcti ng

material. 15. The system as cl al alm | er ein ocation of the
drai n above phslldingfitsubs@tgteancladmgras at:ﬁnvse st rate current, the parasitic
i i ve devi
capaci tance, e Or¥n11t1gh % dif S"rtegalE)g nrletlslelz Ss{lgstra?e tLe tdrrlgt ?ecgtlon Bounded S8 part by a top
5 surface of the substrate and spaced apart from a source; and

forming a drain above the drift region.

2. The method as claimed in claim 1 wherein:

providing the active device includes providing an NMOS device.

3. The method as claimed in claim 1 wherein:

10 forming the drain inlcudes an epitaxial growth process.

4. The method as claimed in claim 1 wherein:

forming the drain inlcudes depositing a semiconducting material.

5. The method as claimed in claim 1 wherein:
forming the drain above the drift region alters the substrate current, the parasitic

15 capacitance, or the on-state resistance of the active device.

6. A method for manufacturing an integrated circuit system comprising:
providing a substrate;
forming a drift region in the substrate, the drift region bounded in part by a top
surface of the substrate;
20 forming a drain above the drift region;
forming a source in the substrate and spaced apart from the drift region;
forming a gate dielectric, a gate, and a spacer above the substrate; and

forming an electrical contact.

7. The method as claimed in claim 6 wherein:
25 forming the drain and the gate includes forming each structure to be substantially

coplanar with the other.

8. The method as claimed in claim 6 wherein:

forming the drain above the drift region includes forming the drain on the substrate.

9. The method as claimed in claim 6 wherein:
30 forming the gate includes overlapping a portion of the source and the drift region with

the gate.

20



6. The systemas clainmed in claim211l wherein: the substrate includes a
lightly doped region. 2017. The systemas clained in claim11l wherein:
drain and the gate are substantially coplanar with each other. The
systemas clajined, in claim1l wherein: the drain is on the substrate.
system as cl é@r‘?ﬁ@m?tho‘ﬂsa?lwm&wrﬁérw}&%ﬁ‘ﬁr| sing: 25a gate of the active

device that aygfl éaFl' %t ?{Jlntcﬁ.leeégﬁg SPt&”éieétﬁ&l%htfaEt fo ?xﬂgﬁ?'&veﬂﬂ%

system as cl al e |n C al m

r conprising: an electric cont act

over the source asxdnedarg]mé@né@toatheppmuer
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11. An integrated circuit system comprising:

a substrate including an active device;

a drift region in the substrate, the drift region bounded in part by a top surface of the
substrate and spaced apart from a source; and

a drain above the drift region.

12. The system as claimed in claim 11 wherein:

the active device includes an NMOS device.

13. The system as claimed in claim 11 wherein:

the drain inlcudes an epitaxial material.

14. The system as claimed in claim 11 wherein:

the drain inlcudes a semiconducting material.

15. The system as claimed in claim 11 wherein:
the location of the drain above the drift region alters the substrate current, the parasitic

capacitance, or the on-state resistance of the active device.

16. The system as claimed in claim 11 wherein:

the substrate includes a lightly doped region.

17. The system as claimed in claim 11 wherein:

the drain and the gate are substantially coplanar with each other.

18. The system as claimed in claim 11 wherein:

the drain is on the substrate.

19. The system as claimed in claim 11 further comprising:

a gate of the active device that overlaps a portion of the source and the drift region.

20. The system as claimed in claim 11 further comprising:

an electrical contact over the source and aligned to a spacer.
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