STRUCTURE AND METHOD FOR FI NFET | NTEGRATED W TH CAPACI TOR BACKGROUND
[0001] Integrated circuits have progressed to advanced technol ogi es

wi th high packing densities and snaller feature sizes, such as 45 nm
32 mu, 28 nmand 20 nm |In these advanced technol ogies, three

di nensi onal transistors each having a nulti-fin structure are often
desired for enhanced devi ce perfornmance. However, existing nethods

i saavant a0l AR ShEtHOMEPRINTRT Iy LRI T i acrror

exanpl e, various defects or resides can be introduced during the
pol ysilicon etch. In another exanple, a capacitor structure is not
easily i ngaagnatROUNIIh a fin transistor while still maintaining a
capability of tuning its capacitance in an acceptable range.

Fui t hennore, the_ fabrication cost is hlgrer due to additional ess
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[0003]Fig. 1 is a top view of a sem conductor structure having a fi
active r e@@r@ﬁtoamﬂft siclbswinininisp b gepabiity ebivowe it erncitance svanaseeniahlh g t 0
aspects o ! ydi [

[0004] Fi genbS TURAERSR, uE SRR Gol 8y Ale GRIAUGTRBRLIR Dy spchas
Fig. | comst Ifmmmdzacnm tchisk @ dadinaspeat inoeffedtines @frthseaphcmhzs&”hesfms thene

one or noyre enpodi ment
isa negg) ofa structure and a method making the structure having a fin transistor and a

capacitor integrated to address the above concerns.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002]  Aspects of the present disclosure are best understood from the following detailed
description when read with the accompanying figures. It is emphasized that, in accordance
with the standard practice in the industry, various features are not drawn to scale. In fact,

the dimensions of the various features may be arbitrarily increased or reduced for clarity of

discussion,

[0003] Fig. 1 is a top view of a semiconductor structure having a fin active region and
recessed isolation feature constructed according to aspects of the present disclosure in one or

more embodiments.

[0004]  Figs. 2-5 are sectional views of the semiconductor structure of Fig. 1 constructed

according to aspects of the present disclosure in one or more embodiments.



[0005]Fig. 6 is a fragnentary perspective view of the sem conductor
structure of Fig.1l constructed according to aspects of the present

di scl osure in one or nore enbodi nents. [0006]Fig. 7 is a sectional

vi ew of the sem conductor structure of Fig.6 constructed according to
aspects of the present disclosure in one enbodinent. [0007]Fig. 8 is
atop viewof a seniconductor structure constructed according to

aspects o e I scl osure in.another . enbodi nent. 0008 LS.
5 b 10° OBSE PEESE A (el it PR oG PE PSEP IR SUEORELF tled
accor di Ngedmtrag®atsrde th Rshebis 85 BRrabS iR ih Bnditendt chBbEmRhRET
enbodi nents. 100091Fi g. 11 |s a flowchart of a nethod making a

sem conduct or structure of 1 const ructed accordin to vari ous
aspects offPfle Fiaskise SH‘F%’&‘P'O‘@EW@ iR seyRisordBiva Pistre of Biedoppigeted

12-21 ar e, 36&fida0akp e\éis%‘f%e%es%nﬁﬁﬂc%%%%ﬁ@ém&ﬁcﬁzﬂeﬁtufe at various
fabrication stages constructe according to the nethod of Fig. 11.

[0007]  Fig. 8 is a top view of a semiconductor structure constructed according to aspects

of the present disclosure in another embodiment.

[0008]  Figs. 9 and 10 are sectional views of a semiconductor structure constructed

according to aspects of the present disclosure in one or more other embodiments.

[0009]  Fig. 11 is a flowchart of a method making a semiconductor structure of Fig. 1

constructed according to various aspects of the present disclosure in one embodiment.

[0010]  Figs. 12-21 are sectional views of a semiconductor structure at various fabrication

stages constructed according to the method of Fig, 11.

DETAILED DESCRIPTION

[o011] It is to be understood that the following disclosure provides many different
embodiments, or examples, for implementing different features of various embodiments.
Specific examples of components and arrangements are described below to simplify the
present disclosure. These are, of course, merely examples and are not intended to be
limiting. In addition, the present disclosure may repeat reference numerals and/or letters in
the various examples. This repetition is for the purpose of simplicity and clarity and does
not in itself dictate a relationship between the various embodiments and/or configurations
discussed. Moreover, the formation of a first feature over or on a second feature in the
description that follows may include embodiments in which the first and second features are
formed in direct contact, and may also include embodiments in which additional features
may be formed interposing the first and second features, such that the first and second

features may not be in direct contact.



DETAI LED DESCRI PTI ON [0011]It is to be understood that the foll ow ng
di scl osure provides many different enbodi nents, or exanples, for

inpl ementing different features of various enbodi nents. Specific
exanpl es of conponents and arrangenents are described below to
sinplify the present disclosure. These are, of course, nerely
exanples and are not intended to be limting. In addition, the
present disclosure may repeat reference nuneral s and/ or Ietters in
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and secot{aafse §t'mveﬁ85 P R BCE R oS [ﬂ@e&&h ig. 1is a
top view of a sem conductor structure 100 having a fin active region
and recege®d]i solatseaicoli@atorsguctmed®o u?chﬁjeaﬁﬁutﬁ;&@tfel@mafhe\éh@éﬁfateolf02t he
sem conductor structure 100. Specifically, Fig. 2 is a sectional view
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102 i ncl 'fﬁ’(ﬁslg an TRP LR XIndubr §Rkkats §00 HERHMCIRor hRYSfin- lﬂ(@ a@RRLO8Sns (ﬁn
enbodi nment he substrate 102 includes a buried dielectric materi al
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active regions having nultiple surfaces exposed and providing an
efficient way to capacitive-couple a gate electrode to the respective
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such as i con germani u in active regions
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substrate ernatlv nmbodi ment,. the fin act,
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techni que such as epitaxy %ﬁomﬂh or exanple, the substrate 102
i ncl udes 25Wihclim easaples HEB Fubstraje 9% mclugdes %]#@nlaﬁ'é Fgden active gegjons include
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[0016] The semiconductor substrate 100 includes shallow trench isolation (STI) feature
106 formed in the substrate to separate various active regions. The STI feature 106 includes

one or more dielectric material, such as silicon oxide, silicon nitride, silicon oxynitride,



[ 0016] The sem conductor substrate 100 includes shallow trench
isolation (STD feature 106 fornmed in the substrate to separate
various active regions. The STl feature 106 includes one or nore
dielectric material, such as silicon oxide, silicon nitride, silicon
oxynitride, other suitable dielectric material, or conbinations. The
formation of the STl features nay include etching a trench in a
substrate and filling the trench dielectric materjals. The filled

trench mehgREwERb cH%lf:qtflc maipeial, g ?Q?@%‘W@“% dég formation pltherSilT B21UERS MaYner
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a second region 110 adjacent the fir regi on | lustrated in Fig.

1, the fithstrenchdgitonface0l@ling thefwenely wih g@ﬂp,n@wgwperaw@lawéampalméanalmélon

second T 9BA0 50 bA! HUERUNGTESkN Y AL ITliGac fel 1 the present

enbodi ne i rst 'S surroun e second region
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(al so ref d to as.a first rt|o e f eat ) are recessed
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the STI features 106 in the first region 108 has a first thickness T1

and t he Smbogisenthesfirsosgion 10his syaewnigd Py gicsrcondyegians 1 ). second
t hi ckness T2. The second thickness T2 is greater than the first

thi cknesgggig F%ﬁﬂg{g Ttfe ﬁfh@a&%@ 1@@@9%&{@ {18l (1188 rePQFditORs Ofirst

the STI feature iIs e top surtace of e second portion of the
STl feat wpszldn;pfahmﬁﬂtfaatme) ot rc(c?gedir))m tp@SIDﬂemh@séémmﬂmd@@nd)reglon 10

structure 100 udes one, or di rlc f
Sonduct| JusP Sl tS3 5205 SriPRp e sFL RakloC ATRLIEET ulnE 2Ty
the fin dgedthree i 0e@itbnidOdgRAd 08 ha; a?:ﬂ'ﬂst ﬁimﬁb&h&kﬁ;&“lhﬁﬁthem fexmurell D6i ivi éhe

features 114 are di sposed on the dielectric f 2. One of the
conduct | VECHEataiet Sl U1hag ajsecond Hlgisrels o tiae SHOB &eﬁ%e%’r ot g'feé‘ijf%ﬁ

and coverg ihgickieds REL FithelBSHe RS by ﬂa&: I ffu'str pﬁi*u&?&' RS EOBature is
[ 0020] I n one enbodinment illustrated in Fig. fin active regions

104 are delosnthe tbp swrfacd dfrthe Sedq)rr@mﬂlwf(the@THﬁitemhymﬂth|0§("Eih@)
conductive feature 114 are oriented in a second direction ("Y"

directi 0%019The Tﬁm@@ergx'c&ﬁﬁluop%cﬁ[rg 1@(%119@1994 (ﬁlléloﬂnofré SMG3E [Pea%&ef 2 and
conductive features 114. The dielectric features 112 are disposed on the fin active region
104 and the STI feature 106. The conductive features 114 are disposed on the dielectric
feature 112. One of the conductive features 114 is configured to cover the first region 108

and cover the fin active regions 104 in the first region 108.

[0020] In one embodiment illustrated in Fig. 1, the fin active regions 104 are oriented in
a first direction (“X” direction) while the conductive feature 114 are oriented in a second

direction (Y™ direction). The two directions are perpendicular from each other.



[0021] As illustrated in Fig. 1, the sem conductor structure 100
includes a first conductive feature 114 disposed in the first region
108. The sem conductor structure 100 includes a second and third
conductive features 114 disposed in the second region 110. The first
conductive feature in the first region 108 has a first width W and
the second (or third) conductive feature in the second region 110 has
a first width W2 different fromthe first wdth WI. Particularly, W
i s great dPU3lhan Argllusiigied iy figglhe senigongductosdiishiee HidnelHissd frtel ectri c
feat ures 3p&,ckiet RahRd! 14i{HI0SEN YOG kg 1b8eThd defficondBAONGrBRe: fdoi rd
conductive features, respectively. [0022] The first conductive feature
114 i s dendlgdred stewnd evéthidigenductivg fepligsdn4 dpgosell in thiaisecops sgapdrel 10. The
illustrat in.Fi.g .1 the first reqi ha di sign,. D _al )
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second region 110 in the first directjon (X directjon) by a dj.nension
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covered by the first conductive feature. [0023] The dielectric feature

112 are dbdtgradesppetivebyne conductive feature 114 and separate the
conductive features 114 fromthe fin active regions 104. In one

exanpl e Hb&%; di qheqtd E&dﬁ@@e%&mjejﬁztg{‘&’esf&;ﬁl@d RQRILGHE Hf§1 Ieg%qbg. thiths
are formed by a procedure that 1 ncludes depositing a dielFectric |ayer
on t he suhanplatidusii®®( ideigokithd ingt @gico hdue dimeesiba Perlorgrthe st dirgliect Wil ¢

I : d tt ' h ielectric,l| h d i
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forma CaPaAGLE Qhs the BFQE' rt—j%ﬁ)nal 0@%&%&% b%rql?@ﬁﬂslé &fndudtﬂfetf&%.lrfa.! rst region

108. The second conductive features, the second dielectric feature
and ot her@&mrti on(s) of the fin active regions are configured and

coupl ed tl80F3br ml&e flickecicdpaiuiefli é ate dligaskvilh Bre comjusirrieatufoUdsPin t he
capaci tor, ir i f roed | direl i

fontur e SRR B bfO0 RHEe s (B ME Bivach e kbt IR SRELLbflG he,
el ect r odelicletyatehtucr [ 1diaal detdohducting fatse ¢t bhae &rect bpdgrocdspdet i vel y.

In the field, effect. transistor, the secon uctive features, and
e oo oritF g MR g At e bre foa ety {00 A st oS @ o

di el ect r itk digRbtie Cdykl 8hy pAGNERE Be HUehsthic IDARWLAS tHRRIndIAL Nl @b Wes are
formed on the other portion(s) of the fin active regions and are
i nt er pos e@rigns diglectriafeatusasdd i and conductive features 114 using alithography process and

etch.

[0024] In one embodiment, the first conductive features, the first dielectric feature and
portion(s) of the fin active regions are configured and coupled to form a capacitor, such as a
decouple capacitor, in the first region 108. The second conductive features, the second
dielectric feature and other portion(s) of the fin active regions are configured and coupled to

form a fin ficld effect transistor (FinFET).

[0025]  In the capacitor, the first conductive features, the first dielectric feature and
portion(s) of the fin active regions function as a first electrode, capacitor dielectric and a

second electrode, respectively. In the field effect transistor, the second conductive features



[ 0026] Si nce the capacitor is formed in a fin active region, it is
conpatible with the transistor in termof fabrication. Additionally,
the capacitor is forned in the recessed portion of the STl feature,
the capacitor area is further increased w thout increasing the
correspondi ng substrate area occupi ed by the capacitor. Furthernore,
as the wwdth W of the first conductive feature is greater than the
w dth of the second conductive feature, the capacjtor area is _even

i ncr eased ke frepnt Gelerpe deare Stnerion sl detipdnend s diggerrtatedively
[0027] In é%&,%te‘%%ﬁdfﬁcm?&t anldtdgﬁn %éaﬁ?és b &I8Ed bh thefotRt Hér@ioﬁ@? bBe ﬁ{l ﬁ((:ative

capacitor dielectric includes a first dielectric material and
second diisEieus andoare avtrpesed by thegateptacs. di el ectric i ncl udes a second
dielectric material. The first and second dielectric materials are

sanme or afé]&)?ff] natd;Y&! e geipgéiﬁ)rr ?&ﬂog}ﬁ%@m i nz%[%ngﬁ Qicogﬁagfﬂgle Svithlthé

gate diel ric may us ne o I con oxI de, ctric
mat er i al tadisto irbiemabi tbritativedAdditionalle, the eaystisiroy fopeed wrtharecessedipretion

capacitor dje ric y use another one of sil.icon. oxide,  high k
et ect 11 o thes Ertelte, BRRfanS o EteH Bt e dor iRl ot B8 of oper
capaci t angrespgdadidd Shbstarakbeicc@TROBY e RipacttBeFhdtesho®d] & R vidte W1 of the
feature as the capacitor dielectric includes a first_ thickness and

t he seconidstsaapugive featyre iy grpaterdBan the wadih af the escond ponduptives foyfps, te
seon - . . e :
secon %a?ga{%? Area e{kﬁ/eg Hcfégﬁiﬂf?rt?%‘cfgﬂqogﬁg%%?udgg td H‘lhg Hﬁ%ﬁﬁaﬁ:ﬁa&r&e

sanme or alternativ e tu or respective device
performance. [0029]In the case where the gate dielectric and

capaci t or [08?H| edhohe chbedimgitf the fiestdiatesinolsitbieon dhe aapaditer diglectric includes
thi Ckr]essae ﬁfsr &E:%ecl?t%: r11Iiat %?ch?trhg éc%fl(ﬁr&%}e% 'Q%a%r lay thel Qtetd?gec?@éﬁcmgsrae
CP P ec’trl C ave g sane C on

the gate dielectric and capacrtor drée onposiI ti
and a sangcéilil didlaass matdnialy Tae Erst andeedori dieibdtdn entesihls abysamesambernatively

procedure, [0030]1n an alternative enbodinent, the first. conductjve
f eat ur es, thght o %_ﬁféc GricgapRlgy ?5ataﬂ*<'§=?eﬁwt%fnl(8§f%?f Fhensxyte, fgh
active regieRsuRmeat G hhDiitinARd taRUPbARe frihsfsir PeAoiansd. The Riaditdn
the first region 108. In this case, the first conductive feature and

t he firstdigleeriesayiuge fnoshanpae imidaonenidgshighk dickickictipgerdaland lgwke

dielectri j i referred to as a first gate
st ack. Tﬁgﬂgéggﬁﬁ&%%xgh%%F%gh%ég%%%§%¥a%he second dielectric feature

and other portion(s) of the fin active regions are configured and
coupl ed t9028r mla asetbormhbodinkET,. theTfust djaleeris fatke af the hepaskerahdedmiin FET

I's also ri%}c:}%(rlésea 1rgt()th1acls<neass and e %iec%g& ﬁie?e%ﬁl’l%l%éature as the gate dielectric includes a
second thickness. The first and second dielectric thicknesses are same or alternatively

different to be tuned for respective device performance.

[0029] In the case where the gate dielectric and capacitor dielectric have different
compositions, different thicknesses, or both, they are formed separately. In the case where
the gate dielectric and capacitor dielectric have a same composition and a same thickness,

they are formed simultancously by a same procedure.

{0030) In an alternative embodiment, the first conductive features, the first dielectric
feature and portion(s) of the fin active regions are configured and coupled to form a first
FinFET in the first region 108. In this case, the first conductive feature and the first

dielectric feature function as gate clectrode and gate dielectric, respectively, collectively



100311l n one enbodinment, the first dielectric feature as gate
dielectric for the first FinFET includes a first dielectric materi al
and the second dielectric feature as the gate dielectric for the
second Fi nFET includes a second dielectric nmaterial. The first and
second dielectric materials are sane or alternatively different from
each other. [0032] I n another enbodinent, the first dielectric feature

includes a first thickness and the second dielectric feature includes
a second refired inese, firgttgater stack Therrgeapd sondictive featigs; the seroptt Hiskestsis faptare
same or ' i - ! i By rAeVdCSd
pert or e BB Pkl B Kibveh iR o ROl ARPERBR Y Rt
capaci t orFiolf T, gt pate staak ef the saopd EoPdss slsorfardd taasasmeotdgatksiagks,
they are formed sinmultaneously by a same procedure. In the case where
the first dielectric feature and.t nd. di el Fic fo ve
differenﬂoggiposf}?Eﬁ?%mgF??%%gh"S?I?éﬁﬁgg?gg?%%zﬁ%%?%?”%ﬁ%ﬁﬁiggﬁ
formed sapefrl gkdedFufitsha@itlecthic bmteriahghdsbe sadnddinicEfic fayurbes thepiitegur ed
for different function. In gne exanple, the first FinFET iLs

conf i gur éeleariair feaeeRndifar Tnigeifies %&Wﬁﬁ?ﬁﬁtﬁf{a@ﬁm h@ﬁ?‘éi_dseé‘%‘lda
core dev'(ﬁcﬁectlli(plnfaééﬁﬁiﬁﬁfeas@ﬁl@ ogiiltetrlkh@iv@%@:i‘ﬁ?ér@nt_ﬁdﬁ?eefchroﬂ{er.d' el ectric

feature is thicker than the second dielectric feature. [0034]Fig. 6

is a fraqnentar per spective view of the sem conductor structure 100

const r uctlBePAcc dr anailer embadipet Sedirstidirdegirieivate grdesasipehickneshand

enbodi me bk didlel ' L6 @fckhie BRASONINCLAN dRldtgt ur e
100 of Fiq%?%ég%o%éle‘%tﬁ%%&ggﬁg{aﬂ@?én% él%@m.mlct ‘I%g 106 r|§tn t he ﬁ?rst regi on
108 i s r dbiekssstsarebatker eliernesplynidifergntfto he aned e respgition sleviOApdrformbece.
first region 108 are extended deep into the recess. Particularly, the
conducti v atyre 114 cove he.recess i n t 1St .0 08 and
extends d00He dhlssit RIET® O BAGHE T TpditFr bbie bE¥ FBpdar v g
8 i s a tapmpbdiloinindan e thiokioss tiey agd fonatdsimultdoadnby  satepgtocedure. In

according to aspects of the present djsclosure |jn another e di nent.
el bon dus e phrechs (et ir Ectb G mi/Be o gielsrr ey ot e ard Sgign:
confi gur %@rlr'%)gsiﬁ@sa&myem é?&taesﬁesl, br B0 tﬁé}cérélfl%e@sepﬁﬁfe‘qa QRetHE! Bfst and

0

structure C Fig. 1. In the present "exanple for illustration, the
sem condetand Falliicmay be a@fighisd (ferdedergnidbnativnsinang campadhe fist inRgT is

3X3 ar raYoofiofied bR ue AECHUBIR R ARAE IOl HREY s fefERARIL AT 1

formed in recessed first region 1 m conduct or
st r uct ur dutfianckpf theicsaepibate fimnhdiclettnie fetmnducthicker thaathasesnddictehieic
first electrodes are connected to a first power line 132 with a first

electrici@%?@age, such as a high voltage. The fin active regions as

the second el ectrodes are connected to a second power line 134 with a

second eljgg34)i ¢ FyQbtiag@agigeitdty dsrspeckiovwiéal draigasenByondidtbestiaature @0t i ng,
the capacitors in respective cells my be connected in series, in
paral | el cgﬁstléicwlgpqquigg) Hhaspestoey the present disclosure in one embodiment. Fig. 7is a

sectional view of the semiconductor structure 100 of Fig.6 along the dashed line EE’. It is
106 in the first region 108 is recessed and the corresponding fin active regions 104 in the

first region 108 are extended deep into the recess. Particularly, the conductive feature 114
covers the recess in the first region 108 and extends to the second region to ensure the full

coverage.

[0035]  Fig. 8 is a top view of a semiconductor structure 130 constructed according to
aspects of the present disclosure in another embodiment. The semiconductor structure 130

includes a plurality of cells 100 configured in an array. Each cell 100 includes a



[0036] Figs. 9 and 10 are sectional views of sem conductor structures
140 and 146 constructed according to various enbodi nents. The

sem conduct or structure 140 of Fig. 9 is simlar to the sem conductor
structure 100 of Fig. 1 and the correspondi ng sectional view in Fig.
2. For exanple, the sem conductor structure 140 includes in active
regions 104 and the STl feature 106 fornmed on the substrate 102. The
substrate 102 includes a first ion 108 and a second regi on 110.
The STI fSERICQREICIH strpdure; 08 of F@gi 3}% theyweseqt ffxé@ékesféﬁlufl?tfﬂ%otlﬁée STI

feature 'sem}c'aﬁd&ﬁﬁ@ﬂ&ttﬁl%%@ %chﬂd(es 3 Ao idhngb St § kst ﬁ)%ﬁ{g%xla% 'y%ffs&[sm@)@

on the substrate 102 and a conductive feature 114 is formed on

di el ect r idechlatatp @nqazbodﬁmentcmmnacltm vefofaed urthe retessebinst sgiohd 08 pf tél@
region 10 e r eces ed STl ..f eat ur es thi,n the
gaps betﬁgBhOPﬁmg kU%%tlvglbegl 80&?683@? m?ﬁ%“%%ﬁ?%%ndﬁ%ﬁ@%

structur %le];ﬂ‘@d@fard:dcgnec@ed tohdirsigoaucline £ 2feidt ufisscldddc volnge duel ecd iiph
feature 142 and the fin active reg |omgﬁlo4 are conflggred and coupl ed
to form &ofrgerEhe fingelys egioppasthe feeppesteaiypgys arp gopngpigd toggecondpower

conduct i Vg fieathg sddshdandirfchR i birmtak b Govl atkdLE! %téﬂ@fefcﬁf‘ﬁ)hhﬁ)g" (RS

gate el ectrode and gate dielectric, respectively 0038
seni condwepastorstin trspastise qells ety tRicgnnerdiin sagicsiin anrallg) of A@ybrid connection.
sem conductor structure 100 of Fig. 1 and the correspondi ng secti onal

view in 'ib@sq]f B ehla 1 Q¢ sexem E{Wﬁ?@%ﬁ:ﬁﬁ?ﬁ&gﬁﬁj&%c eplAihlyae 1 146

i ncl udes ctive regions ature 106 forne
substrat@omﬁﬁmwﬁhexm@bguxwﬁbuQQQMKhnhudé@wamﬁmo&hwwegnamnimﬁﬂaﬁﬂgd’$

second re n. 1 The ST| feature.in.the |on 10

o ons ey it ol sertSpdiblon ST AL SE beh i b iSRSl
feature @ ol Bod RbMBR, 0B séhRosdiR&: s@bturd 020 arthdas mabtucicEves | (Meaidulie
114 is forned on the dielectric feature 148. The conductive feature

114 coverd liggure il 9 formgdppfhe polstrafeg @3 o] esubreie K ingHdrs it regipn d98ir e
146 of Fi fida %Qeona R SONBUGTHE G %e%awrn%e s re mq 08 lc8Gked Forh BRIGANE

142 and t I'n actlve regions are con ured and coupled to form
anot her HFeatEETh (heefw@nd eggitrol lds FquqléEffic_f%l)re 11421 1Stihmsedam§be subligate 102 and

conductive f d t he d| ectric 8

cate ol corobRN fadtd LAOS (rBBpt BRbElfe FaRLY T2 38 UG pRaRFe 114
present eobad 'tﬂmnit,iegam L0, egj’eaihﬂjﬂ c®ieriag tie rEd’t@deﬂ@Eﬂi fda&trch; wilttéin Hiergaps
140 and the FinFET 146 formed in the sane substrate 102. However, the
di el ect r iP6tesathe i achye 5£iqtke gate diel ectric for the Fi nFET 140
includes a first thickness and the dielectric feature 148 as the gate

di el ectrijgoF®r th@ekemBldubdp sirl@hiddas oAFiges ARCdnbitko essurey Bl e
than the flrst t hi ckness. I n_one exanple, the FinFET 146 is

conf i gur ekeleptricalvatural Adeanil dee Bineptivp ecamng EB areaonfigirechard; cgupled tosfor
core deV'P(fﬁ'“ET (referred to as FInFET 140). In this case, the conductive feature 114 and the

dielectric feature 142 function as gate electrode and gate dielectric, respectively.

[0038]  The semiconductor structure 146 of Fig. 10 is similar to the semiconductor
structure 100 of Fig. 1 and the corresponding sectional view in Fig. 2 as well. For example,
the semiconductor structure 146 includes in active regions 104 and the STI feature 106
formed on the substrate 102. The substrate 102 includes a first region 108 and a second
region 110. The STI feature in the first region 108 is recessed from the STI feature in the

second region 110, A dielectric feature 148 is formed on the substrate 102 and a conductive



[0041]Fig. 11 is a flowhart of a nmethod 200 for naking a

sem conduct or device constructed according to an enbodi ment of the
present invention. The sem conductor device includes a nulti-fin
structure and a dual depth isolation structure. Figs. 12 through 21
are sectional views of an enbodi nent of a sem conductor structure 300
at various fabrication stages. The sem conductor structure 300 and
the method 200 of making the sanme are collectively described with

r ef er encdeatererildés foped ¢iy he gisleptric fqered 4y Tomenndudivedeatyet i eovsouhs s
providedfﬂggqg%ggﬁgration of the method 200 and is simlar to the
sem conduct or of Fig.l. Therefore, the simlar features are
descri bed concisely for sinplicity. [0042] Referring to Figs. 11 and
12, the r8939d 20elegicnsduator stregu2 026 biFigr B ithdi aegductive fhabwesdlldt be
substrate,. 102. JThe seni cqonduct or. tr 102 in Lk €0,

Al t er nat id\ll‘%?cér,lc %:ﬁté“esﬁglsatnrggl?egﬁ T&w? ﬁe%?cﬁl a gégar 6 rc%%uﬁ%ﬂgilsﬁo%lg% B
ger mani unnothelo FREFETHFGREI t8 afFiedBTUAE O rin niEE edst,ahs cord0h](Sitink 1114 and
referring to Figs. 11 and 12, the nethod 200 proceeds to step 204 by
f or mi ng ghW§lﬁctrlg§‘@furgéiS fuppitenas Rl “‘iﬁférf’d%@‘f gake ‘ggﬁ%{’ﬂﬁ "ﬁsé’§?<t‘W% ver
havi ng one or nore suitable dielectric materials. In the present
enbodi menbe4oy he 18s prdsant@mb3Qindnt) Gh Ul atad SirduitGATusibee: thSFRFETayer
302 formed on the substrate 102 and a silicon nitride (SiN) |ayer
304 for mead dis HREEL 49 ancdin thesameysupstatnl 02} Howgeer dhe dislestrictppiangldp

| ayer 214 _inG -1 B j : A0

18 mm 1 e el AR L e P ARG P IR AT AR
rangi ng befwetr gatealiticctic fomtiafinEHD 46 ib@0desm setondghigkiss greatoodimthet |

step 204 jincludes formng the Si O 302 by ther xi dation and
For i ng 18 R PP ReBmp it el Pl SRR e B SRdsiyihd B,
exanpl e, HifyE:1Si49 ik ayelguddthsiasofeici®d. by CVD using chem cal s including
Hexachl or odi si |l ane (HCD or Si 2Cl16), Dichlorosilane (DCS or Si H2C12),

Bi s(TertiaryButyl Ami no)  Silane (BTBAS aor C8H22N2Si ) .and Di sil ane (DS
or 5 216 001804 Kjerih AR R 08 P00 Figh e SHRCEYURa 1 ng
the mask baYRked Adcdidin@tdPiRG b fent BEIhY Giddéht dnvehli O IriRRBMiRAdLEsNI Ng
process and an etching process. In the present enbodi nent as

i1 1 ust r atdswics mefidgs a mplu-Gin gt aredia gend tenth svolation sfesturggags- 42 fupyabic? |
on the naldsdIRSi lﬁlgxség %ﬁ&g%@;hﬁ%t%f99&&9&@9&9&9&&1}{-@ BiPGSRFldC! udi ng

phot or esi'st  coa exposi'ng, post-exposure i ng
(PEB), deuigicapbmgageandhhsmdedakitngstnt@edFIReehe hnthod 20Fofmakiay the he

mask | ayer 301 j tched through the opening f t pat t er ned i
Dhot or esrame pleSogy Fariiedy i rlerar Aol B! B i ngyesor
et chi ng RHAGERS00 THsoPRbd & MARLRAR ATRSIhSthod 204ndi IS sihRRPIAHe
thereafter using a suitabl e process, such as wet str{gping or pl asna

ashi ng. I1samisqadusiirtpf ef FigHe Taerelors dhopiipdedgatnse prgglescribpd psyicisglydodr y
(or plasgﬁhlgh:h to renove the mask |ayer 301 within the openings of
t he pattern% ghotoresist | ayer 306. I n another exanple, the etching
process includes applying a plasma etch to renove the SiN | ayer 304
wi t hi n t He082peni Referriof ta higs.pldtandrl Age pietitod 266 beging atyiep 2806y pravéilieg svet

tch with a.h fl i i HF). | ut] { .S O |
505 wi t it nsRleR 86 Tht i SR fbsb s IOTRGRal uche, (2©”
i ncl udes Mipphyively, e phtagnr 102 afltludes genriamt hticd dNrnayiam o3 0thenpiopem

t he openings but the SO layer 302 may renmain at this processing
stage. THemEaRrusior maidiakat t er ned phot oresi st |ayer 306 is renmoved by

a proper he@pni aua) el RIS 11 B DY 1 m@REI B8 proceeds to step 204 by
forming a mask layer 301. The mask layer 301 is a hard mask layer having one or more
suitable dielectric materials. In the present embodiment, the mask layer 301 includes a

silicon oxide (SiO) layer 302 formed on the substrate 102 and a silicon nitride (SiN) layer



[00461The patterned nmask |ayer 301 includes nultiple openings
defining fin active regions 104. The fin active regions 104 is
configured for various devices, such as a FinFET, a capacitor or
both. In the present enbodi nent, the sem conductor structure 300
includes a first region 108 and a second region 110. In a particular
exanpl e, a capacitor is fornmed in the first region 108 and a Fi nFET
is formed in the second region 110. In one exanple, the Fi nFET

i ncl udes 384 hermer o dheraliconmxidslanse 6t lpwoseeanple, heayi@ipwse2i$ inclidgs 8 ng
to Fig. I eQ?raH%h?QQtw%Qrpa%Q ﬂﬁda?ldtagcﬁtﬁtlgQn?%ax@h&@filﬂﬂé”tﬁkg&maﬁerch

process to t e su rate 102 t rough e openi ngs of the hard
301, for ri’llﬁglol/laies @ﬂBClﬂlﬁW@ﬂf&Bg BOFesmmbohietOsub std ahtogt Xm. \Vardnothst i n

active re 4 ar ine

ot netbosb ot 20 SELES frtaliis BlRRRF Bl 0Gan and forping
et chant Qlfle $ihElagdrabd py @E@ﬁSallvla@d)rlﬂép@sﬂﬁﬂrﬂS]’VB))l'Bfﬁr ex@hle, tBECIN Oer W, is
and He. I n another exanple, the etchant I k CE C3F8,
CAFS, CHEatmediyrY D ysing chesnist!hmciusing hea ?1‘0?@3%]( Lo Fi gs.

11 and 1%103191%51%%QB@S%@@1@@??%@&T@rﬂ1§r¥§ﬁtﬁ%%5‘gil;ﬁx@ BOBATRSE STI
features 308 1n the trenches . features 308 include one or

more di el@22NeSirané bialage (3 ved2kf). t he trenches 307. In one
embodi meghoﬂi Ol}elmﬂﬁoé) fb()? ;Iroct,e}égs f%T egu%% 9 é)gf?eri’%lsg tle sﬁgzgﬁ: @ﬁ%}ﬁgt ric

deposi ti parti
the STI fpe@ieum%no&ﬂﬁng annﬂhugleph}f pdtﬂenﬁ@ frbeess ﬁrﬁmj‘mﬁllringYOﬁSS dn thmmsent
dielectric naterlalﬁ such .as SI%ICOH oxi,de, sili.con

si|i con GRpafitrenges lyshealadiip Fgy | ’raeﬁ?étﬁmﬁ‘éﬁh?{%“\?%“téaﬁpﬁé B %etd on'the hard

Struct ur 6, 3K¢d)eA%$0 Iausixﬁq mol%gﬁiﬁ)bb'pm%l%ss|1ﬁé{§dlng¥\bﬁd@01§$1§tlcﬁﬁlﬂlgnbdff bk,
filling the trench. In one enbodi nent i ng various STI feat ures

i ncl udes egpeMPOH %P@ﬁf?dflakmgl(ﬂﬁf?’}, rie‘ml,qmg, Aed hard bilieg. ove the trench
f |1
' nterfac E{J)B{Sltl e I ]Q&‘Fltl‘ilag t(g {:‘% % tPIM 1&195@%:@&%@%3%&19@ 1Hu tfp]ée (?ér%g'n%b bt ﬂhge

using a chno I ona ormn
anneal i ngnattd:xﬁed)piﬁ)t(m{ﬁﬂﬂi}er 304 éonthneg zepatretrmdaheqsbk:ybn 3ﬁh upts etuh'gig process.

densi t asma ( HDPCV I n ano olishin ma
use a oh HRACRHHTES! ThT fe R A U ep P o et o st S
excessi V%trqj ﬁ{ge;cr {dsha TBHiRE. 1A bSe SRAnphe tHRakdhidBse Nl c b e pbiyze: etdng(@:op

surface of the sem conductor structure 300. [0049] Referring to Fig
11 and 1wlasﬂﬁeetﬁ%t%@02®dlep¢%l§é%’@%?’QloW’éftl@613201’2“16%5 qfdh%%*@i“ﬂ&ﬁ@hﬁ@?ﬂﬁ‘ﬂst

patter neq?ﬁb%& T8 8hoth eﬁé{rﬁ@e %ﬂQee@. %Eﬁacé&é@é&l&&& F}ga}grgg g%a@%a%mh 0

l'i t hograp process. terne ot or el sst efines a
r ecessed remgiathe Si?fhtatymcamamtlyn thelvperiagst @rtimephttpinod phasicsist lhywy 806,300 i s

patterned to r econd .r on . 110 and has openhng.to expose
the fi rstwettgﬁﬁ t(?11 I}f “Fg("filﬁ]ggia olyicp OBGé“Orvgglesggda)Pefgggg']‘tkg’Ttg? ring
to Figs. ohéniagd nléhotitchexdmiie okt A0 PHroc&e dihides ﬁipﬂ})ﬁng?é-ﬁlabﬁa pek for mi ng
an etch process to the STI features 308 using the gat er ned

phot or esirgmoyeifie Piglpgeri4arithin the opariRgs bpk feeti@ haysf aY {f&dn g fhis
et chant tpg%%%ur%csttﬁiée#ﬂer&{[&p thd) téﬂegfpﬁgﬁ)f'éﬁﬁtslay?@%% EeSovdd 8 aibper

f eat ures Irst reg | are etched back and recessed
formthe t&‘ﬁmqhe,esuchwtﬁmﬁngmrasmegsecond regl on 110. Thereafter, the

patter ”e%é)ﬂs? t Or"FhSel psa teme J flask I:Iéyer 301 mcrfD&/es multiple openings defining fin active

regions 104. The fin active regions 104 is configured for various devices, such as a FinFET,
a capacitor or both. In the present embodiment, the semiconductor structure 300 includes a
first region 108 and a second region 110. In a particular example, a capacitor is formed in
the first region 108 and a FinFET is formed in the second region 110. In one example, the

FIinFET includes a metal-oxide-semiconductor (MOSFET).

10



[0051] Referring to Figs. 11 and 17, the nethod 200 proceeds to step
216 by renoving the hard mask 301 by an etch process. In the present
enbodi nent, hard mask 301 is partially renoved. Particularly, the SIN
| ayer 304 is renoved. The etch process to renove the SiN | ayer 304
uses an etchant to selectively renove the silicon nitride wthout
etch silicon oxide. In one exanple, the etchant in this etch process
includes a hot phosphoric acid (H3PO4) sol ution, [0052%F@ferr|ng to
Figs. 11 {8118, Stilhelwsraiodigdd. tayngphadad8 pracsedsite piep 288 By pyérmateAtng
an 1 on L RUARbAL! RUnPLACESS 11 rdOh UM cRHABL SARENEHZasl 96 MIBMINAT | OUS
wel | region such as n-me s or p-well's. Fn e present exanpl@e, the
silicon oxiides thaykes 3802n the suissedted §2 aviariawp fiantttd regiosc Heeme flefined by dte

i nproved inplant effect.  such th reduced | t hannel.i ng
| seue. T TR anpFom ey de b HokE E e IRk A 1S SHRITE L.
and sui t apimantTes ctéoproessamehes Jibend MBLaNL i 97y, @gem and Haylnlaﬁ@thbide
phosphorous for n-wells or boron for 6¥ g&ggferrlng to
Figs. 11 ean@pipgthe eivhantitchisles ploommhy4, &Eﬁ@e@ﬂ% Hi3e b6 Hyr cambinatien
etch proggss,fo the STI features 308 to etch back the STI features
308 in bot The first region 108 and the second region 110. The fin
active rdgo4ths 1Ed&angt66nmnﬂzaﬂd4dhenud®d2@QpﬂﬁﬁﬁhﬁﬂﬁéYSXHHME@&uFeS

308. After s e fir 0 e
srit v edbl SO rafigs Yy WEehfR ) Muhb S b U IR o
110. The ®éiehanimatesied filled (ths trsiddps T IibéneSintollAnent,ahd hem@ticmha‘mIﬁe $iged
in the etch process at step .214. [0054] Referring to Fi %] and 20,
the met hderipis 3ohipcluerdigactii derogifon 95a pRJishignihgpatic! eéempke othe ayer
112 on t hgnhdidn € e\ rf@.@&l%é}]igéude-g@ﬁh@ 18k 8GAdhLEhY %S 11401@ diel%cfrfér med
on top surfaces and sidewal|ls of fin active regions 104.

di el ectr |rnat¢1@q}sa$uclm@slhw ¢><mt€| @nﬂeonsmtnd@o@r sgiciot @xyhirgla. R‘h@ﬁﬂﬁbmmh gay
mat eri al ,Qr cQ atl r

Formed by SIRLBPY PRk REER iR Sk Bk or b R AR e e
| ayer depﬁ@bfﬁ [ mmn(eéixﬁ))dllmt, ﬁlhngrvgﬁm&:S'KIH'&ttﬁreﬂlnchﬂm)grodﬁgcﬁhtﬁmhomde
(MOCVD) , cal va 05|t|o noj ec r be axy
(NBE) - | Al 165 e oV e T BRdo g B txoioh 1S Cifeg SGRP PR
oxi de f Orrﬁﬁi@e BYing Qm{ec%léﬁl hﬂbﬁ@%llﬁ%rtbﬁnh@%n ftﬂeﬂn@i%hé’eﬁm agioass
104 that include silicon. In- another exanmple, the héﬁ? dielectric

mat eri al exempisede éw@ctrw&m@m@om@@wlgb@@éy plagmp AP AHIPRENPhmirgiother
(2r02), %&H@%{é%gﬂhﬁﬁag@ﬁ%&%g Ql%guhu Moﬁauﬁgg bgesy&)tremove

anot her exa tric erla

UV- Ozone thxédadsiverdidléatic maetiaid eﬁ tmdurd masmdtmnnhnzemhampedurfmd ofitheand
in-situ OX|dat|on of net f|In1by 02 in presence of ultra-violet
(UV) |igRF™MeR dyetqr s xanpl e, the dielectric layer 112 incl udes

a siliconogy)de Rétemngnd Fashiighdk sdihehRatodi2e0 hidcards\hewp d LEBl)y forming
dielectric thickness or dual dielectric material is used, the

di el ect rizotheapaicmsd phethregist i She or Biepukitiicold2aninga |ghqeraahg rocess. The
t hi ck d 21,
| CKness,aAlfied g@;&%ﬁqg& 8} Ghefined Qgeggslsgﬁyfife Lol P& Qarf, A5 pafdroBd

the neth proceed to step ormng a ctlve | ayer
114 on t rpeonbir@isetatyeii leIiapﬁtenfbﬁ 20 cdﬁtvethscsn@bmdtrfbgy@ | ldyead hiddn ppreoingdes

pol ysilicon, %sucg or tungsten), suicide,
ot her coﬁﬁﬁ%?ng%ﬁﬁh Pgafﬁﬁ%%%%ﬁ% Sﬁeanctions (for n-type FET
and p-tyneodthT, RESRRGH F@SWL an@r162athé Qféhioﬂ@'()l) PR cédRes stop 214Theperforming
conductlve | ayer 114 s forned bg a suitable techni que, such as PVD.
an etch process to the STI features 308 using the patterned photoresist layer 310 as an etch
mask. The etch process uses an etchant to selectively etch the STI features 308. Thus, the
STI features 308 in the first region 108 are etched back and recessed form the STI features

308 in the second region 110. Thereafter, the patterned photoresist layer 310 is removed.

I



[0056] Still referring to Figs. 11 and 21, the nmethod 200 nmay proceed
to step 226 by patterning the conductive |ayer 114 and the dielectric
| ayer 112 to form conductive features and dielectric features,
respectively. The patterning of the conductive |layer 114 and the
dielectric layer 112 includes one or nore etch steps. In one exanpl e,
a hard mask is formed on the conductive |ayer 114 as an etch mask
during the etch process. In another exanp a patterned photoresjst

| e, !
| ayer is [0@dd asRefpmagéhFigasil and 1 pdbe scHod 780 pwherde tq Siep 7 ysrremeringng
t he di el i ot i i i - -
R e b
cor r esponcinogpddPatiadaddy, thef SNtlayee 3akiswahbyede dheesh pheessde epsod thid Fist

regi on 1Q8. t he present exanple, the one.of the conductive feat.yre
nthe 7t SPhie R SERe b SRPERtrieat ReTide ottt ERRGN Sk e fd
the fin aabhyeah@, eeserch@d: ihthi§ &eh pRe&S IR Mudes b 8bt ghegitorc 3618 (H3ABOA)
hi gh aspect ratio and is hard to conplete the etch of the conductive
| ayer wi tSRIUHORhe gaps of the fin active regions 104, the fully

cover age he 1. r§t i | 14
avoi ds tAgéséit]recffié}gl?@g?ﬁglg%fﬁtaﬁaqu’cfgg3@%{}0529? g{;%g %%é%/tﬁg{e?ggggied
first regedorniogan jod058la@atien piocess 842 tasthe pebsiraly 182 fpmpheneiue evell

before, during or after, the t hod 200. In on nbodi ment,, , an e

o ocedur SO S bils bER T AF Sheiient SRl BERRELT NN 8RR or
one or nuke&l 4l dafmpBintation Sud€ndxRMdrémptdied soplaefacigsudk ad with egluonis

i ncl ude 1ight doped drain (LDD)_rePions and heavily doped source and
drai n (S/Amplapetipn shegneling|issaeihgdmplaptetion progess 61 4uses pippert lgg spsyics

regi ons, oh@LREMdNbsY 30} Sl é_?”THe’THJpPa'ﬁEié‘g% §RRicPHAG BRARS phé&l@ﬁ&ohmr n-
sem conductor structure 300 i ncludes both n-type FETs (nFETs) and p-

type FETsvellsPEFypn faripewelur ce and drain regions are formed for the

n-type F nd 4 he. p- e FET i ' r [ .
opentes TE3ne A0l PEs Tribyd S PRERH 2P mpll PLEP SRE 20 8 Rl
i‘ on i gpLamé@tr?@m w:ﬂﬁdr%H featglet 300 aggl ehoks éhe STHdepats :ﬁ:}‘s in bpﬁam ﬁrsfaregion

or ne )/ lelectric epos tl n anli sQtropli.c etch,. suc as plasna
etch. Thaf® ehbBrassons \yeg&ablel&- Sofih st ey 4%’%@6@%%@%& ouf from

i mpl ant ath OOT Wedilired 306 AMer SRPDAE (HOSES fediBRs VAL BIEE raRIN 108 addWlildeddsted
features of the pFETs can be forned in a simlar grocedure but with

opposi t e relayatgtottheSTT fepfuesy én dtsendndasaiorof |0 Hde sicowd geaddn tlys step may be
vari ous : al p ETs and pFETs, the LDD
features%gﬁhﬁgﬁ$§%ggéﬂ#%?%@3&%§82%%?5%9ﬁ£ :gﬁfation whil e the regions
of pFETs [60%] coviefadinpyo Bigpdtltaad Bédhphethod @60 atay peceed totstep 2RDDBY
features of pFETs are for b ion inpla jon. while the regions
of  nPETS omHBR* Sl AU F Hed et tHrerogar o dh el daysherd §ot o
st acks DbyodeRem thp QRfaesthnalskwaller R Bh hadlcWegsnsald ik ibeladt@c f9enEd
by ion inplantation while the reglons of pFETs are covered by another

pat t er nedngyriseladesilicon oxilgeltigh khiplachic mpiprigloseopbigatgms grreps Hiediglegtiied
by ion i i i . i : d : her
pat t o ned Ut al aaBe Wik Foy AL E% @kRicpl Rk IhBEE) SAUAIA ki,
anneal i ngleprsitamga LB, hehl apsdce tlenact iveat depdsaiond MELED H oyl speci es

in the source.a ain reglions. 10059 t her emhodi t, .a

nter 1 oqpoiRnEy D R R ey KB R RE R e CORBIEE fver
substrat g |1 QludEB Silitddi@YBFméd ) Me@sal SkildhE@NapPRédi thd @vadtive irgli@BtLI0H C
material, other suitable dielectric materials, or conbinations

t her eof thas indude|sgigan. Ip gngtaereaamply, the éiﬁht%ﬁéctfig&lﬁmiahé used fe lggdudey/p,

o |e§§er &al Ridd Gh SRR hNnPSAF G EYP kA IBE kiR £PBAS, 88 hiRiuk0sue he
(HfOZ). In yet another example, the high k dielectric material is formed by an UV-Ozone

Oxidation that includes sputtering to form metal film; and in-situ oxidation of metal film by
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[ 0060] I n yet another enbodi ments, various interconnection features
are formed to couple various devices to formfunctional circuits. The
i nterconnection features include vertical interconnects, such as
contacts and vias, and horizontal interconnects, such as netal |ines.
The various interconnection features may use various conductive
materials including copper, tungsten and silicide. In one exanple, a
damascene process is used to form copper-based nultil

i nt er conrf&innserergeral aitta-gole (V arluhhdp yerpedeamples ﬁﬁgiéfti"éﬁ“‘i laygiddd to
formt unQﬁél?&s RlsHBoh BxiliB il Qﬁﬁ A gh Rt @&trid Hh@“@%@:’?&ﬁﬁ%@ébﬁ thidkhdsgbde

is used to formvarious contact on source and drain regions for
reduced ciualt didtctriesiagtiahis escd, {Io@Bdcine: fpetireamothiéiferentivonipneien atdomp FET
has a str lﬂrﬁtructurf far, enh r]ced carrier nobility and inproved
devi ce p oSy e foPl &Y of t he enbodi nent, sili con

ger mani um(Sl Ge) is fornmed in the source and drain regions of the
PFET to {oé85¢ve Refprinpes Figtridsadel fiaemethod 280 atal @rocearbiodiapedt byan

NFET has a strain struct fqr enhanc r bili a

i mproved fﬂ%WP%écﬁ‘g?‘f%Y%%%glgPﬂqﬁﬂ‘%]%?%ﬁ @? 'hi?ecoggﬂb%‘di: ﬁ%’ﬁ‘i ﬂql
silicon qaa@aeg%ol(y&q;@n infotd] QYUOREs Almtdde, e@pﬁefsmaﬂ%t%? ailRidecathens of
the nFET to achi eve a proper stress ef f ect t hough_vari ous

enbodi nerfesdustive matesialnyidopgnert etk Sunctiensfe natﬁﬁe FRE anep et ki ng t he
same are Qi v%rgg qr%ﬁ{b ALbRrRaklves %%QUQQ/Q'izWePpﬁi lgwme@hlmbze

wi t hout fom t he scope of resent” di sclosure
pr esent decsmiqusu;nehaﬁW]be used in various applications. For exanple,

used to (B0t vy EreRditb g S hd 2 The gy ar pEORER thafTH

exanpl es,pattflfingehd CRABEMRE Mych 1 IUHIUREdi GO HBRYePEI A (B G"@ﬁrp@fnﬂﬁ&tdrelféhtm es
vari ous |ntegrated circuit, such as logic circuit, dynamc rang

access newiedielqeRARgtures rasRctishbrihe naHeTning o g C@é‘?"r&’&?’e laygrolg 41am the
the presep ﬁé@k&%q D EndiRY bASS: A eemegg TR Bhe Qa1 § T RORGNGS Rmed

structure th es a senicon uctor ubstrate having a first
regi on arnh the sedosidvedag b asansidl thaolyduriepthie eichgireteson ey cfaatieire

f or ned in m, conduct or su ST at ur ncI

et ponplBReRTmERRE kP e R L G Bl B8 ARGy 914 nd
t hi cknesshdilicRfic @ayeecond portion disposed in the second regi on and
having a second thickness T2 greater than the first gepth he flrst

portion dP0The dJhartiqudaibyihe coaduchve Brecldads patisined peehdBsrE op cpye
the STI fgﬁ%ﬂég EaandTﬂEeco%gﬂoﬁﬁﬁgld?él&fncsttsﬁtg&tdér\a%ll?!:@%ré tREFeElREd ﬁrst region

pluralit frn active regions on the sem conductor substrate; and a
plurali tleBfIncbﬂfmmmrlt Wrrfpéfathﬁrces Oﬂﬂ@pos@sttlm\feawee ihithe fast lleweﬂrl%isons

and the o beRb YRS cRERELR 1 PESEE ANG: RREHGILY oL BRI SR, ERYRE S

the first®p sature in regi on
one enbodegielmﬁosnmastaheg}samaz ondUBH O hadd touinplee theleeshfdl tistcopductive yof

the STI feature is recessedfromthes d portion of the

feature SUEHN thsLePshtbplin artivacesions ltOF'iet £ ?‘Hlé’tcoiﬂ?ﬁ‘%q %ﬁ hg ‘sec‘i’sﬁ?/ﬁggrs"t &iona

top surfagendfonihQiveesRPd 1 PRldsAhe Mieck didnifd df the conductive layer in the recessed
first region 108.
[0058]  Other process steps may be implemented before, during or after the method 200.
In one embodiment, another procedure to form source and drain regions may be
implemented to form one or more FinFETs. In one example, the source and drain regions
include light doped drain (LDD) regions and heavily doped source and drain (S/D) features,
collectively referred to as source and drain regions, formed by various ion implantation

processes. When the semiconductor structure 300 includes both n-type FETs (nFETs) and p-
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1006511 n anot her enbodi nent, the sem conductor structure further
includes a plurality of dielectric features underlying the conductive
features and separating the conductive feature fromthe fin active
regions. [0066]In yet another enbodi nent, the sem conduct or
structure further includes a capacitor disposed in the first region;
and a transistor disposed in the second region. The capacitor

i ncludes one_of the fin active regions, the_one ?f t he cogﬂictu¥$
f eat ur es, tYa%EEBh@FEFS)EH’ésailféPé%‘H‘rF“é“F%lg)‘é“raf%%@F% iRy Hhee Shds a1d PRe-
conduct i Vgﬂé PRTUNES LRI, tuaﬁégﬂ@ep(ﬁopiﬂgespea&d WGlohY BxdnBAS % BSETY, BhelIBD

exarrpl e, e capacl tor i's a de-coupli ng capaC| tor and the tran5| st or
is afiel ﬁtatgfq%@cﬂfonnqﬂw ation lm[nlematrqnl wiithy etighirforing dosmbldgiogtien spageia are

sem condugt or, gy gt e ghalfiboN G GRS, Ldh ok pldsARRIA! Hhof B RORAS

in the firskt tranS|sto I ncl'udes a
gate st acdbphdi\%rm Geaturdsi arsformp@byhn tdnemd]aeiaacm wiith aﬂmeatyLdoemgaioeh alre r st
one of the ponductiv feagyres ver | e.first one

S A T I G = G, ol R P T
region, Whgk epﬁbsk@@opsﬁgsgﬂg ' AR S h®b@meh N\ (KBS cAIUEELTHEh GatoRs Shadand

havi ng a second one e dielectric features and a second one of

t he condudrindeatfissforbeth ndiFdsiapd aHE T thed ol Aeptupeo (g TR aredpapssdyrandon
features

oat oo, SO0 Blich e LG A BOL RS B e
t hi cknes sLEinfé:&membf pEESD ardforthid 5y art foh ¢hplesistior] @Bﬁ@qhb megyats ofnbE Fie then
enbodi nent, the pluralit f co cti,v eature Iud

conduct i v@aff‘é%ﬁfa?%m&ﬁé%aéléﬁ gpig s ﬁ‘? qnf rpfﬁffrg& Sk, f‘r?&?}f%fb '5* 5t e

Wi dt h;  angyparesif e Ben EOTHIE triRd Bﬁ@dnumuﬂta‘ﬁbﬁme ke rbglenﬁﬁqmqts En%gl on
and haV|ng a second width less than the first w dth. 06%# émgdby

anot her esfyedr v snothennattgngd plrqtesgsiglayeremd dhe §/0 fF@&EG&PE%FE
first dielogh ﬂaﬁtaw@wﬂ@thglr%g&ﬁ%@npmé ?c&éé&éfb)hﬁﬁi}féppatféﬂ% ghgﬂowmz he

first conguct eature aving a first direlectric nmateri al

a second diel Bomeicmbbdiateut, @ hmgfstpmp@"dturemmhfdmgmmsﬁ ip &gjlomied tmmﬂ!eﬁﬂeylilmg
t he second con&uctlve feat aV|n a second dielectric
material YPPEPURRE FOCHIS 10HES ?qutr%etang q”ébel% e material. [0070]1n yet
anot her enbodi ment, the first conductive feature, the first

di el ectri @of%at Un@nother embodiment, an inter-level dielectric (ILD) layer is formed on the

semiconductor substrate 102. The ILD layer includes silicon oxide, low k dielectric material,
other suitable dielectric materials, or combinations thereof. The ILD layer is formed by a
suitable technique, such as CVD. For example, a high density plasma CVD can be
implemented to form the ILD layer.

[0060] In yet another embodiments, various interconnection features are formed to
couple various devices to form functional circuits. The interconnection features include
vertical interconnects, such as contacts and vias, and horizontal interconnects, such as metal
lines. The various interconnection features may use various conductive materials including
copper, tungsten and silicide. In one example, a damascene process is used to form copper-
based multilayer interconnection structure. In another embodiment, tungsten is used to form
tungsten plug in the contact holes. In another example, silicide is used to form various

contact on source and drain regions for reduced contact resistance.
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and a first subset of the fin active regions are configured to forma
capacitor; and the second conductive feature, the second dielectric
feature and a second subset of the fin active regions are configured
to forma fin field effect transistor (FinFET). [0071] The present

di scl osure al so provi des anot her enbodi mrent of a sem conduct or
structure that includes a sem conductor substrate having a first
region and a second region; a fin active region forned on the

senmi condUB@d subsyat apadhersmbedimenti @ ®FER bage Strainag stiypiyresiopeigneed carrier
regi ons; 23l i i le. j -

sem condd@%@é@ﬁééﬁ%&a&ﬁ h;é g%ﬁ%@%ﬁ%é fi Eé& ?qeg&gg E) tlet\?g g&ggfggfr? {.?t’ EI'lﬂg(msﬂ

f eat ur e igechanthes ($iGk) sdornpdrit thersodics pabddini ragittweo fithe SEET @gichinvampiroger
second portion.disposed in the seco egion,. and the first portion
of the Soressaiipth BPRRHC R dReRof i e st Huk e bisPd kG,
the STI figsHiky@nd asprov&R&oRd pb@RinfuEd, aa Culftiegdies of thaBmbbdimchy, silicérop
surface. The sem conductor structure also includes _a first conductive

feature feardsdSEn it Kamed i the soupes gnd grasm regips ch e ST Tite aghigve 2 RPRSY ei n
t he firs%nggqg%g;ive feature is disposed in the first region and
covers the tirst portion of the STI feature; and a second conductive
feature formed on the fin active region and the STl feature, wherein
t he secorB0@dndusithangh vereugrcabpdinghispd dedemiropdvcterstoeitreraad thermethod

100721 1 n 006, SHPOAMTObro i, SEHH SRABHGL O 3diGHhE FUEhPElndfIC] Udes

a first eature aligned wth't rst c ctive feature
and underdeyarnge frb@ the s®pe chihdpetdn distleatrelrie pandntalisbsorongi belwetd mi ¢

feature aligned with the second _conductive featur nd,unde i ng the
second. c HHUCTAPPHCA I B 6 S o Sy RO B HEATD AHETFT e
active reghRnor hiebs hidedlo Hr@lsREt FklomBRELLE heiddy (IRANI £, GORHECt i ve
feature are configured and coupled to forma capacitor; and the fin

active reghonlesthrseauenducten stiueiare 09 maydieuneorpgrated Hevasioabdegrated circuit,
conducti v . ar: . i

Panar st ol SALMLSLAC 4G0RTE HGH (B0 HOMRLAIR V). A0 okl B iy
feature isamdoudes a first width; and a second conductive feature

I ncl udes [8‘0633;?(:0“9!111\/5\{ t?lté grelsgn% %lisglrc])salﬂ'e %}po%i eis E)Sé[ erm)oqigip;ént of a semiconductor
structure that includes a semiconductor substrate having a first region and a second region; a
shallow trench isolation (STI) feature formed in the semiconductor substrate. The STI
feature includes a first portion disposed in the first region and having a first thickness Tl
and a second portion disposed in the second region and having a second thickness T2 greater
than the first depth, the first portion of the STI feature being recessed from the second
portion of the STI feature. The semiconductor structure also includes a plurality of fin active
regions on the semiconductor substrate; and a plurality of conductive features disposed on
the fin active regions and the STI feature, wherein one of the conductive features covers the
first portion of the STI feature in the first region.

[0064] In one embodiment of the semiconductor structure, the first portion of the STI
feature is recessed from the second portion of the ST1 feature such that a top surface of the
first portion is lower than a top surface of the second portion by (T2-T1).

[0065] In another embodiment, the semiconductor structure further includes a plurality
of dielectric features underlying the conductive features and separating the conductive

feature from the fin active regions.
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1007511 n yet another enbodinent, the first dielectric feature include
a first thickness; and the second dielectric feature include a second
thi ckness different fromthe first thickness. [0076] 1 n yet another
enmbodi nent, the first dielectric feature include a first dielectric
material; and the second dielectric feature include a second
dielectric material different fromthe first dielectric mat eri al .
100771l n get anot her enbodinent, the fin active regign . is oriented in

a first dWesdti oa:yermathenempodimentafhy sepicaRBictos SuRdE \?‘éﬂlle'é%hlfl%%a are
oriented i, cﬁors(ﬁ%ggi ik Eht 1%%1095&{?{%@&111%1@ o?&sfa&e& hﬁthé bdcahd ffoRcThoON.

100781The present di scl osure so provides one enbodi nent of a nethod
t hat i nclcapwﬁoemlclhdﬁgma 0§ émfmmdm:ltegronsdmnemf ehetwnd@mﬁe Ecapirasr anid any
trenches d ne, a fdn active reqi f|||| n the
ol ur s oy Sestladeie e e et At tf 1A Fop Mot als
trench i seh@ictionfeamds) 4 &8 dxaeple, meea&&kagsadEmeﬂmng@enomﬁmﬁME STI
features in a first region by a first dinension; recessing a second
subset oftrapsigosp frekdglfrcbdansistof second region by a second di mensi on

I ess thar[ 848 f'ﬁl;&t ﬂion%Pélh%ﬁlmeﬁkdthfe@&mceﬂmet&@ﬁ@dﬁ%mef 8RtdESa SR
the STI features d the fin active regi ons, wherein the conductive

f eat ur es trosisosdisprscd inrthe fisttegion, whereindhaist fraststor énsludenp figy paie étﬂek
enbodi me tagmg b%rs(t C? R ﬁllngxe%c ri f%gtuéegl Q}?f? % Eusft orseb gf t§ Téonfdgcq%vg ity dlﬁ ~ubse

first reg ssing a secon
of the S‘E)Ivexflﬁag thedBstione af &e@lmﬂmttrroe@atuws,l amdlatsdmndftmnmtmgd@opat mehened
resi st |ayer on the sem Onducéﬂﬁ substrate, wherein the %atterned

resist | a5eNIREEOHBERTHYEC 808 1t?fén?lvfﬁeétawgfi@ﬁteawakh X & sqepd

second I g@k@Pihe Ia?éiécﬁ{c”?eﬂgre@ ahd & §éco§&' bneeéf‘%ﬁ'e éd&dﬁélﬁzefféa!h&&s &#éhﬁ%tg tigf the
STI features in the first region through openings of att erned

resi st | @pend onepbihe d@lqch“é? fp%l‘tllteerﬂ“@dirﬂé@i? ot the gl tﬂcafﬁ@iu@é ot fiishg a
second S-%l ﬁ%\p a!;u? thte(Elg % o?t'fﬂg ﬁﬁ ecgtﬁ fg{lgreggis EI s%@t;rfdlrt %kt'le@s Elllﬁ? efnf frﬁllh

region an e’secon eatures I1nt e sec
regi on, rtesfitst thivgnésa. the f| rst subset of the STI features is recessed

From the 5aeand RURPSh.Rt chbSiSLh, HE3

urale‘ty of conductive features include a first
conductive feature disposed in the first region and having a first width; and a second
conductive feature disposed in the second region and having a second width less than the
first width.

[0069] In yet another embodiment, the plurality of dielectric features include a first
dielectric feature disposed in the first region, underlying the first conductive feature, and
having a first dielectric material; and a second dielectric feature disposed in the second
region, underlying the second conductive feature, and having a second dielectric material
different from the first dielectric material.

[0070] In yet another embodiment, the first conductive feature, the first dielectric feature
and a first subset of the fin active regions are configured to form a capacitor; and the second
conductive feature, the second dielectric feature and a second subset of the fin active regions
are configured to form a fin field effect transistor (FinFET).

[0071] The present disclosure also provides another embodiment of a semiconductor

structure that includes a semiconductor substrate having a first region and a second region; a

fin active region formed on the semiconductor substrate and extended in the first and second
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[0080] I n anot her enbodi nent, the nethod further includes performng a
wel | inplantation to the sem conductor substrate after the performng
a first STI etch and before the perform ng a second STl etch.

[ 0081] I n anot her enbodi nent, the nethod further includes depositing a
hard mask | ayer on the sem conductor substrate; patterning the hard
mask | ayer using a |lithography process, wherein the etching a

sem conduct.or substrate to far ural it renches and define a

ol ur a1ty Ao raeh BgleBhe T EletiiBatoited i i Sh ourldmd

subst r at edabé U FiPREME RGFonOThd eI AL iABSHes|adi & portAdiidpesah R fide

hard mask 1ayer after the first STl etch and before the performng a

wel | i nplregiemidonsecopomrtiohdsiaseigdhniscrnsregion anddly fskpastiesoighe STI
several g !hﬁ?&'hr%t to}@ﬁﬁﬁcesa'ﬁh 'tlle‘”sgcdrfa ptoﬂ%nq{ffthesé‘ﬂ%ﬁué@@é g8lBhProphat
they may readily use the present disclosure as a basis tor 5e5|g i ng
or nodi f wifgredtigher than dedssigsp anthicstThectmicesdictnr sgaatwyialsg imlrdes hdirganme

7t Foduc G RSB LR e A T s KEOAAR ORSUT IBrEQ Al 20 T hat

such equicyadiRite fafsd ik W&PbRASH e Matedepaidcol &0 Mel et poidnl df tRnSTIscope
of the present disclosure, and that they may nake varjous chtast;lr:ﬁ?s,t
eature,

subst i t utfFRHE: A sapengreapdustiye frates formpd ool adsaYe ferign ARG HRe
SPiTIt aBtheRAORE sOlont REndkf3CRbA  B1ON f1 the YEbd fepidd- Al MED 1 S:

1. A senmiconductor structure, conprising: a sem conductor substrate
havi ng a (08724t rleghonmaedimanis Becendicoadjictm structure furghes ngludewa tirsedighectric
isolatio ST1). feat.yr ornmed, in t sem,conduct ubst r.at.e

wner o n_ ereorsHieteaRtH B FRE Pt e PR BRI BRDRHR R e
first re@gh@nsandddrRWcnE foathieratipnddniigkihe secotd catidcitvesSegtarcng anddrying
di sposed jn the second regi on and having a second thickness T2
greater theascemropdpdive{sfitkness Ti, the first portion of the STI

feature ReiRg regesse: MiAHLE REEPADiRES b thfrst N8eid fdaRAL MdBthe @
plurality of fin active regions on the sem conductor substrate; and
first conductive feature are configured and coupled to form a capacitor; and the fin active
region, the second dielectric feature and the second conductive feature are configured and
coupled to form a field effect transistor.
[0074] In yet another embodiment, the first conductive feature includes a first width; and
a second conductive feature includes a second width less than the first width.
[6075] In yet another embodiment, the first dielectric feature include a first thickness;
and the second dielectric feature include a second thickness different from the first
thickness.
[0076] In yet another embodiment, the first dielectric feature include a first dielectric
material; and the second dielectric feature include a second dielectric material different from
the first dielectric material.
[0077] In yet another embodiment, the fin active region is oriented in a first direction;
and the first and second conductive features are oriented in a second direction perpendicular
to the first direction.
[0078] The present disclosure also provides one embodiment of a method that includes
etching a semiconductor substrate to form a plurality trenches and define a plurality of fin

active regions; filling in the plurality of trenches with a dielectric material to form shallow

17



a plurality of conductive features disposed on the fin active regions
and the STI feature, wherein one of the conductive features covers
the first portion of the STI feature in the first region. 2.
The sem conductor structure of claiml1l, wherein the first portion of
the STI feature is recessed fromthe second portion of the ST
feature such that a top surface of the first portion is |ower than a

top surface of. ortion, ) 3. The :

o cond gesh isiat SIS RERRE P2 s i carbie pbies STL g TRRATSL PSSP ot
di el ectri gfifeatn\hsionuBe8sihyh Q&oh&ﬂ;b@&wﬂﬁtsw%eﬁ&a& Mra&,%c&ﬂdeﬁapgﬁatl ng
the conductive feature fromthe fin active regi ons

sem condutecend dmepdonless than de dirshdanensignt #ndrformag piceidygtive feature o the STI
capaci t or feQéu%%gﬁgﬁxe fpll dcf16e e'ig[o%E WM P e c\éﬂ&[cﬁ};@{eh&?es%l?é}g teQfrst subset of

i ncl udes one o n actrve regions, one o e conductive
f eat ures, thaddl fmabref the dielectric layer separating the one of the

duct i t fromth f th 3
[ ansi st o0OAfIe potr e B csah b el oftEe SR ANR EE et o

st ruct ur eregfon®lyal rkidlimeAbedie bl thb eeceRRACI debdnd stbdt 8Ethe STPldait@es in a second
capacitor and the transistor is a field effect transistor.
6. The seffRwsAMRltdco Forginacraieaedresist kysnon thy %ﬁn’cl?fé’td“@%%ﬁbﬁ%ﬁt% grherein the

afirst t éﬁ{éﬁieatrt%ﬁst @Lgéﬂ%%peﬂ} tetlgtsfn{ B fif 8 BRI anMABT &L ﬁ'lcrsglﬁn&i‘ gf»&n

transi st I ncl ude firs ack having a tirst one of

di el ect ri perfosaingragigsaild etchftp I’dmtﬁr@trsabwt ofthe SEbfvdtulcftsuvéwffeatlggl@sthlough
overlylngthefl deectrl

econt traisdings of 8Bl et BRI Rl RaRllor wectalnge
t ransi st Ojecd)r[ﬁtS"oTICt@cﬂl ta t}&et@@mﬂubgaabems lsac Reatimasiin gxeairstaegﬂﬂl a@he 6fcohde

dielectric_ featuyres_and a second one of th caonduc a
over | yi ngSYPHd o5 Beord IgHEc thgwseopidargen ry tf@df‘ u‘i“feéérSt Soset O%RﬁﬁgFél n

the first eRgs9f IeE&%ﬂﬁ&h%ééb&ldfsﬁé’sfe%ﬁﬁe Bebregrufdsr st dielectric
t hi ckness, and the second one of the dielectric features has a second

di el ect ri 08I ckFrearmther tbediments the methne fithesinadiidss penferigng hivelkness.

implantation to the semiconductor substrate after the performing a first STI etch and before
the performing a second STI etch.

[0081] In another embodiment, the method further includes depositing a hard mask layer
on the semiconductor substrate; patterning the hard mask layer using a lithography process,
wherein the etching a semiconductor substrate to form a plurality trenches and define a
plurality of fin active regions includes etching the semiconductor substrate through openings
of the hard mask layer; and removing the hard mask layer after the first STI etch and before
the performing a well implantation.

[0082] The foregoing has outlined features of several embodiments. Those skilled in the
art should appreciate that they may readily use the present disclosure as a basis for designing
or modifying other processes and structures for carrying out the same purposes and/or
achieving the same advantages of the embodiments introduced herein. Those skilled in the
art should also realize that such equivalent constructions do not depart from the spirit and
scope of the present disclosure, and that they may make various changes, substitutions and

alterations herein without departing from the spirit and scope of the present disclosure.
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7. The sem conductor structure of claim3, wherein the plurality of
conductive features include: a first conductive feature disposed in

the first region and having a first wwdth W; and a second
conductive feature disposed in the second regi on and having a second
width W2 | ess than the first width W. 8. The sem conduct or

structure of claim?7, wherein the plurality of dielectric features

i ncl ude: qﬁggiﬁiectrlc feature disposed in the first
region, u ) t conductive feature, and having a first

dielectric material; and a second dielectric feature disposed
in the second regioﬂsmundmhkykﬂ@mmhac$ﬁ@ﬁmdgconductive feature, and
havi ng a second di.electric, nate di.fferent fromthe first

diel ectric matefguyfonductor substgite Véngsae SEEERHRRO A SCOPH LS. of claim

8, wherein: a shallbWerehéd @@Iaﬁ&f@mﬂeé’tﬁx of fBA%ddNiR thed ofidonsdorduBu@el ri c
feature, and a first subset of the fin active regions are conflgured

to form awbeipiache 8F! featmep includes a fal poeliasriisnostsidn dha Wet esigh grdhavinge first
second di ghgGldiig fqat 59&0%& 89%n%1§8&9?9t@§@&?? glol{ D dab i %%Eéo‘ﬁﬁ
reglons are confi gure orma tini tle tranS|s
( Fi nFET) . thickness T2 greater than the first thickness T, the first portion of the STI feature being
recessed from the second portion of the STI feature;
a plurality of fin active regions on the semiconductor substrate; and
a plurality of conductive features disposed on the fin active regions and the STI
feature, wherein one of the conductive features covers the first portion of the STI feature in

the first region.

2. The semiconductor structure of claim 1, wherein the first portion of the STI
feature is recessed from the second portion of the STI feature such that a top surface of the

first portion is lower than a top surface of the second portion by (T2-T1).

3. The semiconductor structure of claim 1, further comprising a plurality of
dielectric features underlying the conductive features and separating the conductive feature

from the fin active regions.

4, The semiconductor structure of claim 3, further comprising:

a capacifor disposed in the first region, wherein the capacitor includes one of the fin
active regions, one of the conductive features, and one of the dielectric layer separating the
one of the conductive features from the one of the fin active regions; and

a transistor disposed in the second region.

5. The semiconductor structure of claim 4, wherein the capacitor is a de-

coupling capacitor and the transistor is a ficld effect transistor.
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10. A sem conductor structure, conprising: a sem conductor substrate

having a first region and a second region; a fin active region
formed on the sem conductor substrate and extended in the first and
second regi ons; a shallow trench isolation (STI) feature forned

in the sem conductor substrate and adjacent the fin active region,
wherein the STl feature includes: a first portion disposed in the

first region gnd ar ?@9@290:&9&#9%%@ pS&th 4 @u&ﬁ%‘i’c&ﬁﬁr@s{]‘x‘rﬁ%reg' on, and

the first portlon 0 STl feature as aftirst top ace and t he
second porti on foft ttahgstSTdisfosed urthe ﬁasreglosewbﬂdmttb@ﬁlsmrélms@r hic@,hbs a
t han thefﬁ ond f ea re f

on-the 1 it bR 3G A B ans aireFielebBre R Wik M ORR i pfietee

conduct i \feaufneabw@mgshdﬁﬁp@ﬁeaﬂthendléllaauf:lferaatresre:gd on and covers the
first portion of the STl featur @nd . a ﬁcond conducti ve
feature formed SRorHEnsiser dspessd in B seand Frgiann wheppin thesgeppdirangisiar ei n

t he secongicRRGUEIhY Satk %%Eklﬁaﬁ/lﬁgsa HicSROSRD RE Jifet8€ GANHes £81aQBcond bne

The sem conductor structure of claim 10, further conprising: a
first di eﬁlféh,etqon@ucra@afeatueesai\fﬁ@neﬂtfwsr:wndh)@e pf the dictastrabuicatings, f eat ure

and under|yi ngvhteﬁé?n lfhle r["%t ofid gﬂHg El eYe%tr{c%ggtereg has arﬁirst dielectric thickness, and the

second one of the dielectric features has a second dielectric thickness different from the first

dielectric thickness.

7. The semiconductor structure of claim 3, wherein the plurality of conductive
features include:

a first conductive feature disposed in the first region and having a first width W1;
and

a second conductive feature disposed in the second region and having a second width

W2 less than the first width W1,

8. The semiconductor structure of claim 7, wherein the plurality of dielectric
features include:

a first dielectric feature disposed in the first region, underlying the first conductive
feature, and having a first dielectric material; and

a second dielectric feature disposed in the second region, underlying the second
conductive feature, and having a second dielectric material different from the first dielectric

material.

9, The semiconductor structure of claim 8, wherein:

the first conductive feature, the first dielectric feature, and a first subset of the fin
active regions are configured to form a capacitor; and

the second conductive feature, the second dielectric feature, and a second subset of

the fin active regions are configured to form a fin field effect transistor (FinFET).
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a second dielectric feature aligned with the second conductive
feature and underlying the second conductive feature. 12. The

sem conduct or structure of claim11l, wherein: the fin active
region, the first dielectric feature, and the first conductive
feature are configured and coupled to forma capacitor; and t he

fin active region, the second dielectric feature, and the second
conductive feature are configured and coupled to forma field effect
transi stor. 13. The sem conductor structure of claim 12, wherein: the
first conductilVe fdercmeningpidrstuse, tompising: dt h; and a second

conductive fe t c c dth | ess than the first w dth.
14. The sem c%ng& g;f) g@h s({lll(gggstt%tre:n%o?l %ﬁ%’tw%ﬁu a\/(\j/n"" Secon NP RE first

di el ectric f eatfinaetiveiekistddomdd anghe tdniicladess: suaf.tﬁhte and extdnded mabofitt
dielectric featgre.include a second thickness different fromthe

first thi%gAeRd IBONSThe semi conduct or structure of claim 12, wherein
a shallow trench isolation (ST1) feature formed in the semiconductor substrate and

adjacent the fin active region, wherein the STI feature includes:
a first portion disposed in the first region and a second portion
disposed in the second region, and
the first portion of the STI feature has a first top surface and the

second portion of the STI feature has a second top surface higher than the

first top surface;

a first conductive feature formed on the fin active region and the STI feature,
wherein the first conductive feature is disposed in the first region and covers the first portion
of the STT feature; and

a second conductive feature formed on the fin active region and the STI feature,

wherein the second conductive feature is disposed in the second region.

11, The semiconductor structure of claim 10, further comprising:

a first dielectric feature aligned with the first conductive feature and underlying the
first conductive feature; and

a second dielectric feature aligned with the second conductive feature and underlying

the second conductive feature.

12. The semiconductor structure of claim 11, wherein:

the fin active region, the first dielectric feature, and the first conductive feature are
configured and coupled to form a capacitor; and

the fin active region, the second dielectric feature, and the second conductive feature

are configured and coupled to form a field effect transistor.

13. The semiconductor structure of claim 12, wherein:
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the first dielectric feature include a first dielectric material; and
t he second dielectric feature include a second dielectric materi al
different fromthe first dielectric naterial. 16. The seni conduct or
structure of claim 10, wherein: the fin active region is oriented in
a first direction; and the first and second conductive features
are oriented in a second direction perpendicular to the first

di rection. 17ﬁh@ﬁggggﬁgmhﬁggaﬁﬁgﬁagﬁﬁafhﬁawgﬁcgkpg a sem conduct or

substrate to forma plurality trenches an fine a plurality of fin
active regi onsgsecond conflidtivi hgptiraincheepd sacand widtlofest themtladisstwiidth. a

dielectric material to formshallow trench isolation (STI) features;
recessing a first subset of the STI features in a first region by a

first dinmension. ThesehRo8SRICIGractSROOBREIS UDSMer&h: t he STI features
in a second re i?n by a second dinension | ess than the first
di mensi on; andhe st dicjegirig; fpajurg ipchtgpcdiphiBickeestipd on the STI features

and the fin aghi¥&oh®SRPSc (URE HllideRGeCANIMEL]NEifeRhUESn GRVRES the

first subset of the STl features.
thickness.

15, The semiconductor structure of claim 12, wherein
the first dielectric feature include a first dielectric material; and
the second diclectric feature include a second dielectric material different from the

first dielectric material.

16. The semiconductor structure of claim 10, wherein:
the fin active region is oriented in a first direction; and
the first and second conductive features are oriented in a second direction

perpendicular to the first direction.

{7. A method, comprising:

etching a semiconductor substrate to form a plurality trenches and define a plurality
of fin active regions;

filling in the plurality of trenches with a dielectric material to form shailow trench
isolation (STI) features;

recessing a first subset of the STI features in a first region by a first dimension;

recessing a second subset of the STI features in a second region by a second
dimension less than the first dimension; and

forming a conductive feature on the STI features and the fin active regions, wherein

the conductive feature covers the first subset of the STI features.
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18. The method of claim 17, wherein the recessing the first subset of
the STI features in the first region by the first dinension; and the
recessi ng the second subset of the STI features in the second region
include: formng a patterned resist |ayer on the sem conductor
substrate, wherein the patterned resist |ayer has openings exposing
the first region and covering the second region; performng a

first STI etchgto fﬂﬂen{etﬁoatofétdﬁﬁtt Wierdif teSUoslifPlhl 8§ shifhef dT80d $TIST
regi on through ogenlngs of the patterned resi st Tayer; renoving the

pat t er nedestersk gy the fysé regmri:d/ the first digeansion;rrind ghearcenssiog thesTeondsulbset of thhe
first SuQﬁﬁ&aﬂ%ﬁ%gﬁh§%£0&§%%%5%%hhg the first region and the second

subset of the e second region, resulting in the
first subset dbmiihga ﬁ&tterﬁ@l&émté@xebm th@ sezememﬁbr Bt trate vehs €a atied
subset of feat e nethod of claim 18,

Furtner GBIIRRETHs! B oAl TR DG BMSHEROT SN £4YcFiRe e sceond region;

sem conduct or pskoslih@h ErRkireEtch AP Bt @&H&t&gtﬁétﬁnffba&&%s Rilthe BEERgfAd
before the perform ng the second STI etch. 20. The neth og

cl ai m 19,thiough pranings apihe phitgyneddspeidiaing a hard mask |ayer on the

sem conduct or rni:ng the hard mask | ayer using a
| it hography pr%gggééﬁhﬁamﬂnaheﬂaqé%gﬁﬂﬁg the sem conduct or substrate

to formthe plparfaimitya second B€beteing tHefitshaubbtief el TdIf¢atycoih the firsactione

regi ons incl.udes tc ing.th m condyct or substrate thro open
of ot he hint oyl oS R A sRpod K P e it O
the firstheFTI Rhtohs d6dg bREQEE fbMGhPSICHRT SIbERG of the ST kdandr8P! ant ati on.

19.  The method of claim 18, further comprising performing a well implantation
to the semiconductor substrate after the performing the first STI etch and before the

performing the second STI etch.

20.  The method of claim 19, further comprising:

depositing a hard mask layer on the semiconductor substrate;

patterning the hard mask layer using a lithography process, wherein the etching the
semiconductor substrate to form the plurality trenches and define the plurality of fin active
regions includes etching the semiconductor substrate through openings of the hard mask
layer; and

removing the hard mask layer after the first ST1 etch and before the performing the

well implantation.

23




