| NTEGRATE{ CI RCU T SYSTEM EMPLOYI NG GATE SHI ELD ANDY OR GROUND SHI ELD
TECHNI CAL FI ELD The present invention relates generally to an
integrated circuit system and nore Sparticularly to an integrated circuit
system enpl oying a gate shield and/or a ground Shield. BACKGROUND ART
Integrated circuit systens have infiltrated their existence into al
aspects of human everyday life. For instance, integrated circuit chips arc
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transi stor through a tungsten plug contact, which incurs additional contact
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metal-oxide-semiconductor technology (RF CMOS) are an important part of integrated

circuit chip designs. Unfortunately, RF LDMOS, Power MOSFET, and RF CMOS

15 technologies are subject to Miller capacitance, hot carrier injection, and eddy current

problems. RF LDMOS and Power MOSFET technology commonly employ a gate shield to

reduce the effects of Miller capacitance and hot carrier injection, while RF CMOS technology

commonly employs a radio frequency ground shield to reduce the effects of eddy current to

achieve high Q factor values for inductors. Additionally, RF LDMOS, Power MOSFET, and

20  RF CMOS technologies commonly employ a Metal-1 layer to connect the shield to the source

region of the field effect transistor through a tungsten plug contact, which incurs additional
contact resistance.

Although the gate shield and the ground shield solutions provide some measure of

relief from effects, such as Miller capacitance, hot carrier injection, and inductor Q factor

25  degradation, there still remains the problem of additional manufacturing steps to produce

such solutions. For instance, RF LDMOS technology commonly requires the extra

manufacturing steps of depositing, masking and then reduction etching of the gate shield

material, such as a polysilicon and/or a polysilicon/tungsten polycide, to form the gate shield.



gate shield, processing steps such as the reduction etching of the gate
material can be difficult for refractory netals, such as tungsten. The
extra manufacturing steps required by these nmethods add to the conplexity
of the process as well as the amount of time needed to manufacture the
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20 DISCLOSURE OF THE INVENTION

The present invention provides a method for manufacturing an integrated circuit
system that includes: forming a substrate with an active region; depositing a material over the
substrate to act as an etch stop and define a source and a drain; depositing a first dielectric
over the substrate; processing the first dielectric to form features within the first dielectric

25  including a shield; and depositing fill within the features to electrically connect the shield to
the source of the active region by a single process step.

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

30  accompanying drawings.



FIG 3 is a cross sectional view of an internediate fabrication stage of
FIG 1; FIG 4 is a cross-sectional viewof FIG 5 along line 4--4
in accordance with anot her enbodi nent of the present invention; FIG 5 is a
plan view of FIG 4 with interlayer dielectrics renoved; FIG 6 is a cross
sectional view of an internediate fabrication stage of FIG 4; and 10FIG 7
is aflowchart for fatﬁR@ftDﬁ‘éCBFTIﬁWa@FaTléﬁWgﬂl‘lﬁssystem in accordance
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BEST MODE FOR CARRYING OUT THE INVENTION

The following embodiments are described in sufficient detail to enable those skilled in

the art to make and use the invention, and it is to be understood that other embodiments
15  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.

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,

20 some well-known system configurations, and process steps are not disclosed in detail.
Likewise, the drawings showing embodiments of the invention 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. In addition, where multiple embodiments are
disclosed and described having some features in common, for clarity and ease of illustration,

25  description, and comprehension thereof, similar and like features one to another will
ordinarily be described with like reference numerals.

The term “horizontal” as used herein is defined as a plane parallel to the 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 “on”, “above”, “below”,

30 “bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”, “upper”, “over”, and “under”,

are defined with respect to the horizontal plane. The term “processing” as used herein



ordinarily be described with Iike reference nunerals. The term
"horizontal" as used herein is defined as a plane parallel to the plane or
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type | aggions 002, sichos emllaw tepichdsalation/(SGibanfieldyaide (FOX) regions, in a lightly
doped first conductivity type layer 104. The lightly doped first conductivity type layer 104 is
formed over a heavily doped first conductivity type substrate 106. The lightly doped first

15  conductivity type layer 104 is often an epitaxially grown layer.

After the isolation regions 102 are formed, a threshold voltage implant is performed to
adjust the dopant concentration within a channel 108 of the lightly doped first conductivity
type layer 104. A gate oxide layer 110 is formed by exposing the integrated circuit system
100 to an oxidizing atmosphere. After the gate oxide layer 110 is formed, a gate layer is

20  deposited, masked, and etched to form a gate 112. By way of example, the gate 112 includes
a bottom polysilicon layer and a tungsten silicide top layer.

After these structures are formed, various mask, implant, and thermal diffusion steps
form a first conductivity type body 114, a single or two step graded second conductivity type
lightly doped drain 116, a heavily doped first conductivity type body 118 adjacent a heavily

25  doped second conductivity type source 120, and a heavily doped second conductivity type
drain 122. As an exemplary illustration, the heavily doped second conductivity type source
120 and the heavily doped second conductivity type drain 122 can be formed together and to
the same depth.

The heavily doped first conductivity type body 118 and the heavily doped second

30  conductivity type source 120 are collectively referred to as the body/source 124 and the
single or two step graded second conductivity type lightly doped drain 116 and the heavily
doped second conductivity type drain 122 are collectively referred to as the drain 126. The

area between the isolation regions 102 is defined as an active region 128.



After the isolation regions 102 are fornmed, a threshold voltageant is
performed to adjust the dopant concentration within a channel 108 of the
lightly doped first conductivity type |ayer 104. A gate oxide layer 110 is
formed by exposing the integrated circuit system 100 to an oxi di zi ng
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20 By way of example and not by way of limitation, the contact etch may have selectivity
to silicon nitride while maintaining the ability to break through any oxide formation that may
have occurred on the body/source 124 and the drain 126. As an exemplary illustration, some
commonly employed etch selective gases could be fluorine chemistry gases, such as, C4F3
and CHF;. However, it is to be understood that fluorine chemistry gases are not essential,

25  what is important is that the first dielectric layer 134 contact etch maintain a high etch
selectivity and not penetrate the salicide contacts 132.

By employing the above discussed optimized contact etch, the shield 136 line width
and the shield interconnect line 138 line width can be kept close to the minimum feature size
of the contact mask and thereby helps to prevent void formation during subsequent filling

30 steps. Thicker fill deposition can be adopted if larger line widths are desired. With shrinking
circuit geometries and thinner layers of resist, increased selectivity is necessary to ensure

critical dimension and profile control in most advanced processes.



After deposition of the material 130 and formation of the sat ki & contacts
132, then a first dielectric 134 is deposited. The first dielectric 134 is
commonly referred to as an interlayer or inter-level dielectric. By way of
exanple and not by way of limtation, the first 15 dielectric |ayer 134
may be an oxide, such as silicon dioxide. After deposition, the first

di el ectric 184ty etchigethe diflechris kit tadefinedhe sbicldel 3hdbe shiclddatgrsognesst liggl |

K . . _ : . |

sy er b afi 3ot Barlfld B RC0A TR1G2, EMailEIaya a8 ily b8 P0G TR D

exenpl abatriet laysit 143t hedps tot foem SBligbleloldfy doayactsnolstiditova jgrtienswitkbd. ma&BY way

of exanple and not by way of limtation, the contact etch nmay. have

sel ect i Vifyionprablemeo Bynway pEexammrle @ncrdph by Ry iy lipgation; thetpriicy Ipyes dg3

th h g i an . - 124
r 9N AYe Qﬁ{fggm%ggaﬂﬁhﬁ ﬁﬁnhé‘ra et Il%qﬁ’)vlf% SREHS R hE gﬁerﬁl%?lzéoﬂfﬁge Fﬁl%n

and the drain an exenplary illustration, sone common oyed
et ch sebeiht bagieydses 14Disl bt bssehfialpwhatds @hporitait isythgiathe barreutdyen$d3 bid8 and

CHF3. wever, it is to he understoad that fluorine ¢chem str ases .are not
cssont | D, boaerth 41 SooHoBl SR eeoet rrieciiad coaturauyy fbof dyBridae
cont act rBisGRcaR élé&%oﬂqigraﬁbﬂ,hanﬁts%ﬂﬁ? 'a?ﬁitgh‘{éxﬁﬁ(eri’tﬂﬁ:sﬂ ot penetrate the

sal i ei de contacts 132. By enpl oyi ng the above di scussed optim zed

cont act et chRegandlesshifahe ba3®r ldyee 143 depositivd, theshsgdhd @86 theskieldanteesmnnedtne

13 in 1 can _be k clgse.to th i Ni feature size.of the.contact
ractd s bl Qo St 180 gfe B Gt 4D B g St BET | ng
30 st epso orlibfk@pokitibh sEPPOA st dr0ek calarhlladRBbE khE low 2EGQIvity HAeMdldahs are
desired. Wth shrinking circuit geonetries and thinner |layers of resist,

i ncr easlwla sefrastary vigtyl, ps mese enpsiioplly. metal inclgling tuightens iHweyad itisde bee

control__j nosi ,advan r,oce s . fter hing-th i chric
Toa 1o iR nBFYRNGHE IRty mpterial ik i, Bhf sBRlih I o WIEHE
bar 140sha¢ld 13t ifirthisnmahier] 42 gata dhidlbesanl By edasilyt Incdpotareddapesght adsindlbe

bat her | ayer 143 helps to formreliable ohnmic contacts to shallow junctions
wi tIRout daregseeneiroerss Pithpelihe additienad mapyfaghyingsteps ahificPrighatnot by way of
limtation, i . r Ltani I i idr ayer.
11 s to be LaReRblc, Sle pRUE datiicObiofed b SHBUTRS SbAGL T Pl
143 i s shikld 436 emeleatricaMbuaitadt svithnghe bbayrtourse 1 hthrodgh thanse of a llay e¢sistiddy

t he ties. of a. g I ffusi bat her, high . el ectrical
Condugt ety QBN AURoR TRas Srabecrtedibcr Msraup AirsonBss ot dBB1 | 1 y
at hi gha&de@ﬁ%ersaﬁ&ﬁﬁg-f dB?(Q%Qin@é S10841 hﬂ&c&ﬂfeﬁisgge&v{éﬁ@rthé“s%iéi&’pf’fd Lh@Mhet he

shield 136, the s interconnect 10 I'ine 1 e source bar 140 and the
dr &0n vbalylséBrear £24.i | Bgdfomniny shd electres] sontact petvaienr thal shigldoh¥ @nd nthee

deposi tjon, steps., As .an exenplary jillustratjon, the low resistivity.

mat eri a Odg'égﬁuﬁ% 1&“5@?&3&"‘6 FPét%fPt diglecirig, B4s B-éecl}/lgfa&-éﬂog){le ORdE-gl all?‘?ﬁ}(udl ng
tungst eghd JAMR edtallikdtionSnfeReoRfediBlgesPAE shidhi 1 3 dItHPBod/sdufW 1ASbSthbVI Ty

material chosen is not essential. By filling the shield I36 in this manner,
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25  with the salicide contacts 132 is maintained because the first dielectric layer 134 contact etch,
mentioned above, is specifically optimized to not alter the salicide contacts 132.

After filling the shield 136, the shield interconnect line 138, the source bar 140 and
the drain via 142, the excess fill is removed by planarization techniques well known within
the art, such as, chemical mechanical polishing (CMP). After planarization, a metal is

30  deposited, masked and etched by techniques well know in the art, to form a metal drain
interconnect 144. The metal drain interconnect 144 provides electrical contact to the drain
126 through the drain via 142. By way of example, the metal drain interconnect 144 may be

made from materials such as aluminum, copper and their alloys.



Furthernore, the single danmascene process also allows the designer to
fabricate the shield 136 in electrical contact with the body/source 124
through the use of a lowresistivity material entirely contained within the
first dielectric 134. The shield interconnect |line 138 and the source bar

140 provide |ocal interconnects between the shield 136 and the 20

body/ sour ce Himally,Bhe single dagnaspencaireesss plsalredusas ssistanee helyeen fee gnigld|186136
and the ! irely within t He ielectri

ot al - 12BN B S6Fe S P2 S ot WelslPes BEaddife i Bhfifbpefing dtbu e,

bet weenMehg-1shiy&l ©@ cbafe@nte bbéy/sdieely 1 Bouitteahd 2Kicldof 34, hige paritaut révidtanceast be
elimnated. Additionally, it should be noted that the squrce bar 140

mi ni nunfycBsintriaaeés elgninatad ol the; usralhessistanpe iofi éhe sondietive pah hedwersi Weai ned
becaéjseb&f}?sofukreﬁt24%iﬁl ffl%tsflfeﬁ{ig?’igrre&% jcontact et ch, nentioned above, is

specifically optimzed to no er the salicide contacts 132. After
filling the Rbfeaing 436, tot FI€. sh)i thbdin it stomanagdin viewe of FG. tiheits dantedeydpar
140 and the drain via 142, the excess fill |s renoved by .planarization

t echni q@n‘@gc‘iﬁ@ﬁ reRaeh GG Mg ol ireions 10Re e da Rl hnfheafalicide

pol i shi %gi({ng'g’gi;thééﬁi%rd il%:&?‘ R dnfdd hﬁﬂgoﬁleei?ﬁﬁé 1%8% ﬂ?eﬂso%o%%irflg@!,th@&%‘ﬁﬁdiaand

et ched ni ques we ow int art, to forma netal drain
i nt er cottisdhe héth] didue intercannedt &44 (shntveric phagon dthng)rapdiadesjceti@c203.cBY

co ct to the. drain.126.t ugh the drain_.via 142. B .of exanple, the
ot U cren e e ik 13 sapes astrels o g b ameat of B i eaBS S ik
copper @ bt RtdbRYS the forMadlidy of the’hRIdHHEWHRPRSERDEA 20D 68PHs@ BPthe
reduces resistance betweenshield 136 and the body/Source 124. Since seri al

resi st ashidd interconnksit ding d 38 mpddhe sourae bag14heBpidermingrthe Reieldet ¥, the shagldr t o

connect. t he bady/so e 124 with the ield 136, the contact r.esistance of
such 1 nplprortect WROFIE ot s ehfhe e B0LRLS Py, CPBRES 0P e SRBRARES e
pat h beghielertah e foaAN GOusER16l gbcist dtep, ilkersty ellidlinhBAg itife £:gRHSELEhd time of
Referring nowto FIG 2, therein is shown a plan viewof FIG 1 with

i ntler | agdslitienabmagefectesng siebyed. FI G 2 shows the isolation regions 102, the
material 13 sal j el r gy 13 e [ . | .

i nter connec'?R ?f%ﬂglglw ?(% g?s%ﬁ%g%ﬁbér&f%ha ??])gé grcgf)%ﬁ\%%& %Zfﬁt]{nﬁlgﬂ?% tgl

drai n i fabgcstipangage d#4hd shemated ncifhéndystenoudd,] o FI@nd. aFpE.op alitdtares2®2. By

10 removing the first dielectric 134, sone key aspects of tgn emhodi nent of

the i nvipkefiom remgnsnkd2s tswightibdaped ditalorandpetilyelype lavst il6h 8¢ benalystansfd 136

with prgj i : i t i.e i c | 3 t he
sour cb st hifRgls GRERLLaRH, e, e BpisCofigs TECPIEL ddd 12 A
1380 andbntihetivdiyutype bbdy 1140thasimgleint twao ytepl gradadt secand comduesvist type dighdy e
shield can _be fo d, in a.single process step, thereby elimpating. th
expense&&ﬁe thiftel (b e deavily GRead BE.FOR leqseriltﬁgtyg? iﬁgy 118, the E%’f"élVr‘ikﬁ’@g now
to FIG Efvid j ' vl

Sor! caband BRUBLA RIS 190 0RE SRS G A SR TH B4 72,

i |1 ust rtht emtertad 136 dhasdliciieroogtaotss 3208d theferst diglettrie laygwdd4.fi rst conductivity
type | ayer he ,heavi loped first conductivity type su rate 106,
the gate oxillgo)[ 'I}éﬁﬁhl@ﬁ, J‘*‘%h&‘?%‘ée&’gesl%ﬁﬁw?ﬂgg?iw ! mtRds *ahe e prdsen

25 invention by illustrating the formation of the first dielectric layer 134 before the shield is
formed. As mentioned above, RF LDMOS and Power MOSFET prior art methods form the

=)

=

gate shield first and then deposit the dielectric. These methods require additional processing
steps, such as, deposition, masking and reduction etching of the polysilicon or polycide gate
shield material, which is quite resistive.

30 Unlike prior art methods, the present invention forms the first dielectric layer 134 first
and then forms the shield 136, of FIGs. 1 and 2, into or through the first dielectric layer 134.
This method enables consolidation of the gate shield formation step with the formation of the

shield interconnect line 138, the source plug 140 and the drain via 142. By forming all



20 conductivity type body 114, the single or two step graded second
conductivity type lightly doped drain 116, the heavily doped first
conductivity type body 118, the heavily doped second conductivity type
source 120, the heavily doped second conductivity type drain 122, the
material 130, the salicide contacts 132 and the first dielectric |ayer 134.
FI G 3 ferghisi ghthin tthe fustf fistestieedayset Widehy t hoinglé onasking stephdies additiondhe

present 25 inventi by..illustrating the.formation,of the firs [ ctric
Poyor  1RCsaR Attt RE Sermbiion, MBS hhetitGiondh s Bng salsrpeid ol
Power Mgbhkthods caf b&élimimatedods formthe gate shield first and then deposit
the dielectric. These nethods require additional processing steps, such as,
deposi ti on, Refsringgamtp FEKd e thaseinds shiiviya efoss-pectigpplyviey (of %Hﬁ delopsllie de
gat e shje terl whi ' [ i.sfi ike ' 2t hods,
Phe Jor ebaht® FRyEREL vl Ruiloh el TR b¥Sens TS Ul Fie TPH 00
farnms tégighineintegt@dbd cortuiPlsysteml4@ndudh ab nt adir fieuedog votdpbenidnt8y metal-
dielectric layer 134. This nethod enabl es consolidation of the gate shield
f or mat | ¥HISsEpicapdustar{&F GMRY) Biresated sEcwhsEtem; Htléﬁ%@ﬁd@éﬁrsmoaéhats € the

source : I al [ : ] I It hi.0 the
irot b ol o i By HIALD Bl Sl O EUBIE the phoRh IRl B
pr ocessapply it aydntefratiepoiitispsiem e leimpip yarderowdistti¢ldn et chi ng of the gate
material of jhe. prior art nethods n.be elimnated. Ref errjng now

o o) ¢hi aftpepleddrie 0B sAtl &L EoBANL Tearode b foEmiEo Rl Re
4-- 4 i NeBRRON@RNGRMal AN N cR O E T  ort ﬁ@ldpéﬁa@gli OXIVRRoh®MNin a
Al t hough™Fi Gs. 4-6 depict an integrated circuit system 400, "such as a radio
f r equenspsteasesiodnmeurtharsy anetyieos oéypse niddion dhe tsotatipRFEeGMBB) 02 are frraedda

circuit,syst it is.to.be understoad at.the present. i nventi,on.i s not
it e Ol Il i Br e s 1R g BnEtion ATy T o
any i nt g tRel setstrate 4028 Y8 baok iRt la RN 0Y$ formed Oy RepSdtheihd integrated cllagit
integrated circuit system400 is commonly fabricated by formng isolation
r ediSonssys@m tosancexidigingtaimosiviers: eAgar thedata oXade [agT 110 isrformed, @ gotd larer(iFOX)
regions, i subst.rat A h pP.stype - tex .

ool at 1 dsroisd: BHERG B Ehea o TR « Bie Paliont AT oP bl B it P2 idsties e
t o adj usbotidepslgpiEiodn RYBCAIdd Akiciddtopilaydrn t he channel 1C0S of the substrate
401A gate oxide layer 110 is forned by exposing the integrated circuit 15
system to amA\is thess sigiclrerodrp Hemeed, xppQys mpsk, gaplanty and tharmplediffygign steps

f or med, [ LL: : e 12,
by vey' ST a8 el 0P SPEPShoj6l% wiRELAE R EUGRC NS SO0 fordR RE0%,
Si 120ci dgotuaiisduayee404 (e.g. — a Aburee) drides BFsdrainc406r @, ar @ dfait) el desisad] DD Drask,
i nplant, and thermal diffusion steps formthe approprjate N+ or P+ regions
wi t hi n #¥e’Bsepigne (aizhowRbaw #lagfgmed tt_eafgllauqf@%}]r_ Yo & thecast-48kC (e g.
--a Sodf%apﬁgt thd ié%@dtﬂfn%goﬂg oL ﬁéﬁgn@d @k Qtivel bpidghbged, NLDD and PLDD
regions (not shown) are also forne y techni ques ﬁEII nown in the art.
The area betABenformatiorsof dieiastive eggion$28 C2maeridet3hsddepositdde pattdrnade andgi on
128.

etched by techniques well known in the art to leave exposed conductive areas where salicide

25  contacts 132 should be formed. By such methods, the salicide contacts 132 are properly
aligned with the RF ground/source 404 and the RF drain 406.

Additionally, the material 130 may also act as an etch stop in later processing steps.

The material 130 should have a high selectivity with regard to the chosen dielectric employed

in later processing steps. The material 130 can be a silicon nitride layer (Si3N4), or more

30  specifically, the material 130 can be a 2,000A silicon nitride layer. It is to be understood that

the material 130 need not be silicon nitride, what is important is that the material 130 serves

both the functions of defining the salicide contacts 132 and also act as an etch stop during

later processing steps.



After formation of the active region 128, a material 130 is deposited,
patterned, and etched by techniques well known in the art to | eave exposed
conductive areas where salicide 25 <contacts 132 should be formed. By such
nmet hods, the salicide contacts 132 are properly aligned with the RP

ground/ source 404 and the RF drain 406. _ Additionally, the materi al
130 may al soAfer depesitian ef the metepali 130 aad dprmytivacd dhwplisidesontattsd 3ether pal
130 ‘shoplgl 4ig, clii@ 13498 &@Bﬁféﬁ! V*trfxé/ it el rﬂsszs &‘ ﬂ&ﬁﬁﬁge@erﬂéde{cfﬁé fah ©
enpl oy ai in Tater processing steps. € material 130 can be a silicon

ni tri deintexiigér drShZNdgvel Giclataice BPwapefickarmplelayid nbhby way of lialitalidf), thafirdte a
2,000A silicon nitride layer. It is to be_understood that the material 130
need nofielselrisi lpyerold4mayi Reean wiie, puch; ﬁspélilf:%zmdlq’%‘fet- hAxfter depesaticns ithg f14%0
Serues Bekbrk N34/ iRGHIRASnalkeShl RoRdcl Ancely (LR fa AFkioghPf: Aldrabso
act ‘as an etch’'sto urirng later processing steps. After deposition
of the ddiner omd ot 3omndeafwresyaduch oms, ahe tdhécld alJocitle draint wat $4213Rd thheRF a
-first dielectric, 134 is _de ositted. he first diel e%rcltr.i c.134 is cogm) ly

r ef er r eHOPRY/sRUreH b 0% | By a¥avort ¢ ¢ pRA, BPL By Fjay &l lrpitatigy, ogtack §hpi e
and not by ey skcthiff fo2diliedh nithe WhilkImMhelifas the abiikPlo b4k TRbubE 289

oxi de, such as silicon dioxide. After deposition, the first dielectric 134
i s pol i stidciformati¢cethahmdy bevit erctired ohéue By gtomotispepge 404vend the RddraindGohe art
to define one or nore fegtyres, such as, the shield 136, f.he drain.,yia 142
and the Re vt RteRaumen Ritgh, B stynat Sxied itV panGas iy b8

i m t at fl@finet SRNEQR 88desShich 4R, PAYRd THECT HolwleYer @ &l dol 6O Dnddritbodl€hashi | e
mai ntai ning the ability to break through any oxide thrmation that may have
occur r euanet dhemiRiryngasat Aot cesental, aiat ishiemREtagh i thatgibe firgtodiclagirig dayer
exenpl ary, illustration, .s c Ly. | oy ect uld
be fl uofr?an%onéaf%z ﬁfcgtnrl?/mt zlinsgsrﬁtF gh s%gmg élg&lv%%anog P glé%g ﬁjﬁoﬁ%ﬂ\?}éfﬁ, %?)fﬁlﬁist%? 0 be
under stqgegidt lkahtaétk 2. ne chem stry gases are not essential, what is
inportant is that the first dielectric layer 134 contact etch naintain a

hi gi et ch sdbremplaying heqbave disepsed ap@m%é Geptagt eteh, theshigklyl 3Ene ¥qta de

cont act %Pé‘;% 5@5583(3‘9{5”&1[93%%{1@121" glgéf{ ‘Eicz?i ofctie Sc%gﬁgmﬂa@ AT tP&@Bf“ﬁElp@ tGh,

t he shi [The wdth can ose to e mnimumteature size of
t he congracint masdk fantatidnedetnye Rebsequdny filtiay esnépsy oiTtiidker il deposdtioni can be
subsequent filling step Thicker fill deposition can be adopted if |arger
l'i ne \M'%ﬂpﬁgedaf@r&féépwd&h?\a@iqeﬁlé?ﬁal|y, it should be noted that the RF
wound/ sour ce - } i1t ARG EREOBIARRL/s¥ED BheadalnhifintiEn
contacts 132A?(§{1(r)r111a| fg}%gghlg]eggu%%é{?ﬁ%&tf@r%st dPlteI ectSérN?r% Iazliyer 1341 cont act
et &9, nesistancee dorsbad\eith itlse spimidef camddty 18)tis manstdined bectuselthe first hbelsetticci de
contacts 132. Furthernore, .the wound/ squr ce bar .4Q8 m ni r esj.st.ance
Cont act oyt (4 setach ety aREnEBt LAy Soneg Al O e e Ciob ot e SHIEHET o

connect hfiRtRB 0" BHHYROR! %dﬂp %rdﬁnﬁ%?h% HRE 408 QMAMER YétRaRBlcotadt With a

Metal -1 contact is elimnated. ter etching the dielectric 134 to
def i ne thhealiidedontarse] 32t ik enaiintainad becaugeithe el toheonprect gheoll R @ramdiseurco4p4 408,

the barrier. laver 1 may, be, deposi .. B f _exanpl e and not by way of
li mi tat‘?'lélhghetlﬁzgwgﬁéfi’ggvmgB@reio(gl‘h)%a&%gb]ecéu%l\‘?%{saﬁiwtte tani umnitride |ayer.
It d5s to be aApgesatingthe ddlecttiod 3ghedbtad the QRRAE 134, @it @hirl Vie 182nhd &ic RRYer
143 is not essential, what is inportant is that the barrier |ayer 143

posses serowd/gruegschari498, B bardayadilP usdobe denositet: | Biivgly dexamiplecandinod)
gf”ﬂ;’ghﬂyﬂéé of gl‘[?xﬁrgté@? ESbARer L§S 5206 el LuitGhiSh AR At aydng: 84&BL! 1 LY
understood that the chemical composition of the barrier layer 143 is not essential, what is
important is that the barrier layer 143 possess the properties of a good diffusion barrier, high
30 electrical conductivity, good adhesion, resistance to electromigration, and stability at high
temperatures.

Regardless of the barrier layer 143 deposition, the shield 136, the drain via 142 and

the RF ground/source bar 408 are filled with a low resistivity material by one or more



Regardl ess of the barrier layer 143 deposition, the shield 136, the drain
via 142 and the RE ground/source bar 408 are filled with a low resistivity
material by one or nore deposition steps. As an exenplary illustration,
the lowresistivity material can be a refractory nmetal, or nore
specifically, a netal including tungsten. However, it is to be understood
t hat t héepoyisien stepb.odys paskemplant Ylustation; the lewaeusiivity maeriad see he pagfractory
Wth regard to ElGs, .4- the.shield 136 is c nly . | gye und
ahi o o PRLEstrdre ety b M@ th Qb g i SRRVl P R R0 BRfe B ",

i nduct othe4y@st 6w redigivityubatiatcBodads ndihesambibel d 136 al so reduces the eddy
currents induced between the inductor 424 and the substrate 402.

B
reduci ng cap¥dihiiegarddabies 4@ thephieldt! 3aris cenmpnbiemelayed asp giogpé P}_liéd\ial ue
(oo endl gy SFiEY MBaRRPRRHEP S I T ) e STaRE By o Al 8P
heat i nsubbate &9l StThéeshidld 186 mponedices thheddy @hentstinduddfeevan thé indwetor

system the closer the resistive value of the conponent approaches zero.
One of Hieandisr substatg AP2nt Byaedusing mnacitiyg substeite curreny Andi gddy Hirents, 236

can be I i mﬂaﬁ toF of
materi a gﬁégjn% {@%ﬁﬁ%&b@%ﬁ%ﬁeg@ gg%lpeﬁl)tggld ygﬁdgm / hépr)ggc ggésﬁl#?\dg

si ngl e dxrescen stoprdoicessindlidtorscontpeneedthaencrep distpatedatsehebhim thhirediddivé36 i n
el ectrical conta jth the rou source 404 through the use of | ow
oot | GitePaer el higher 1§ Tede oF oSV fher oot theresipber dakieref ea_ sy
fol W ngnifimefl Kptddch& zep@nt act between the shield 136 and the RE

ground/ source 4 entirely within the first dielectric 134, the Mtal-1
connect i on b@newetthetimpoghteldrarttadgesanidhis heverREoy ioihatitheshiedd 1 2@ dan b easHy
prior agt be el i.mnated. 20Furt her e. .the single damascen rocess
i R R S o T e S T S N B )
Since s@fdadl ehfpidyrtBICRDIGFNECRIBH biotessedY ThkisMdl@dhmgscehe piieess dlywst e

Metal -1 |ayer to connect the RE ground/ source 404 with the shield 136, the

con1t5actdq5®ie?tt<aﬁ@e’icéfe thecshi¢ldt 36f mceleptsicall contaphtwaith Al Rfharogud/seyrre 404
i ' . 4 with th
Lot o hgieRing 0& SONANCLEUR 7 bRl SRR OfeRied BRGS R SRucths 184 1) 1 e

and t heBREomhiap nHé sdistri@l RantadiOBetwiehe titx ekiskl 134 lnd she ®Foy@Und¥ource 404
pl anarization techni ques wel| known within the art, such as, chem cal

mec hani @direly syithim thedfirsicgipectrig 134, the Metak-] sernestion betwgen g shicld 834 andcthgog s

deposi t i Il known in the art, to form
the metal odrai }risg}qrﬁ?g?%’ooﬁﬁfei%@gﬁ%’%ﬁggﬂgigﬁ?teﬁai n interconnect 144 is
fil20ed by a Fethetmb@ythe sitepodarhisgansprepess@iso rpdunes dsistdnee befweeh tloositieddt t o

the RE drain 406, fter plariarizing the second dielectric 409 and the
met al  db3% 30 the & giome FOT&%,48‘f-h§“}°ﬁéﬁlé$df351at22"$saf? A nyyatipg the

daunasceag fBF BRERRAS PEb to LolbelYRE  BEuldRIE0A Al he AIAET3BYine

depositing a ctric yer 410,  masking, etching, and then filling
Wi t h a contact resistance of such interface is eliminated and the overall resistance of the conductive

path between the RF ground/source 404 with the shield 136 is reduced.

25 After filling the shield 136, the drain via 142 and the RF ground/source bar 408, the
excess fill is removed by planarization techniques well known within the art, such as,
chemical mechanical polishing (CMP). After planarization, a second dielectric 409 is
deposited, masked, and etched by techniques well known in the art, to form the metal drain
interconnect 144. The metal drain interconnect 144 is filled by a metal layer deposition step

30  to provide electrical contact to the RF drain 406.

After planarizing the second dielectric 409 and the metal drain interconnect 144, the
inductor 424 is then formed by a damascene process as well. Initially, the inductor 424 is

formed by depositing a third dielectric layer 410, masking, etching, and then filling with a
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conductive material to forma first inductor |evel 412, Next, a fourth
dielectric layer 414 is deposited, nasked, etched, and then filled with a
conductive material to folio a second inductor |evel 416. Then a fifth
dielectric layer 418 is deposited, nmasked, etched, and then filled with a
conductive material to foima third inductor |evel 420. Finally, a

passi vatomdgctiwymntedigbtoi fordeplisi irslictoo lert 4Pk uNakie atthectll diglectric layer 414 is

Al t hough th resent enpodi ment depj cts.ihe inductor 424 conprised by . three
nduct oferoatieh ghasked; SERGE B e ABlegonith o eo R EHE ML 5] A S+ Pevel <
i s encoppasee vl 418, NThéiLa %ﬁ@xpcﬁel‘éétn%hgérchl%% ASpsed RRAKEH | AchddOWhd thelil G

5, therein is shown a plan view of FlI 4 with dielectric |layers 10

r enovedfillegd @iths sorsinstivehmategiol &t foom 2 dhjrdmslugiop levehd2@atféenablyi d@assawasing110,
t he 5gat 114?2 .z He m%t(g{i al 138’? fh?’%i salicide regions 132, the shield 136,
t he “dr alPRV T8 1 4POSTRE O CAPSUTIG NS GeHEr connect 144, the RFE ground/ sour ce
404, the RE diBbuptd@e ptdientREmBoditiRE! SepicketeainddOr a12d thfplistdUby Qhred24.

By renoving the dielectrics, sone key aspects of an enbodi nent of the
i nvent i wAuetay layelss Holarfo epurdendieath that jay tiyabep ofratdusterdevalhés enroringssede

directl %&Eﬁ%g&hﬁ’g OI}zEﬁ; &S&Q%IEF ground/ source bar 408. By formng the
d e g

shield an round/ Source bar 408 as a unitary elenent, a | ow

resi stance gréferriiy ®IviltcCRIG. B¢ tHep¢imedstiovnda plan gleav pf Pk Siswith dfelectiiclagby
elimnating the expense and tinme of additional manufacturin

| t eps,
Ref ¥k r i 5106ty FHG-F ehove, the kolation regionh i the g3te 8¥idsdeter A% tg%%@wqi% the
Al g Ml M ) t Sk o
Flo g RRHE LS6ThE Buhidlle SLAPS: 1o e hIEH5E, 66 Gty BY MMM Iraif
| ayer lib@rcdrimectgiadietht RE gtolhad/amirce é04,ahg BR di&i8 406 the Rt groiiad/sdbBdE:;, bar 468

salicide contacts ,.the first djelectric |ayer 134, the substrate. 402,
the RE ﬁH)adé‘B'iQF %23-4821 f%IH%i‘“P&Q‘eFéng?t&F% Sﬂ%%y aspectsgf an egibg i ﬁﬁtlhg t he

di ff er eRGEFiAGhUEEE shdveh. PMoSt n@ible FRIHRATEnARA Jitke RIiSRANE dift¥@NEbRRcRY
illustrating the formation of the first dielectric |ayer 134 before the

gr dbnd 25he RiFfegrdund/sduearbat. 408s By diotimong theathusld , 13RANEMBSRprgromral sounast brods

formth round, shield first and then d it the dielectric. Additionally,
hese. MRS ATEEY Remife: g tHa SN SESRRG i g PERFLIAATge BB S on

mat er i afhgreby eliminaddi tkeCepeh R andtim 6t AMAdtfonal MBMITRASEAS stepvent i on forns the
first dielectric layer 134 first and then forns the shield 136, of FIGs, 4

and 5, into Referingonyhta FEG¢.rtberedi isl showni accoasreactiona vigp of ih snigamnerhefe

enabl es.; consol i dati op .,of .t.he ield. 136 formti tep with the for ion
o the BPAT; 8%, 37 4Rt i Gistinc st AP f PG ™ G oot R

f eaour eisoltidmirépiohe102,rtat giecbiderlager! BSIthe Bdteby122 thé Agliw repsdd MR, sthep,
the difficulty of formng the shield 136 froma lowresistivity material is

over conatedal 1Y, Bwdralicidn spntaets 482.dbe 5t dicdastriglayen 134, the subyiate 2@, the RF
Ref erri 7 L.nnkS shown a flow chart for an integrated
PSP e 68 20

circuit for icating the integrated circuit system 100 or 400
i n accor dancEeiGM 6 highhightsbthdi digfietenoés bbievepn ehe iriorr re Rdtiools aifde thenpregendt ed
circuit, system 700 includes formn

bl ock 78¥ntgapRs iyshgling Mg Grmafion e the Sﬁﬁsééﬁrﬁgﬁ%&t F‘/Qro P Belore T gbund 1" °

25  shield is formed. As mentioned above, RF CMOS prior art methods form the ground shield
first and then deposit the dielectric. Additionally, these methods form the ground shield

using high resistivity polysilicon materials.
Unlike prior art methods, the present invention forms the first dielectric layer 134 first
and then forms the shield 136, of FIGs. 4 and 5, into or through the first dielectric layer 134.
30 This method enables consolidation of the shield 136 formation step with the formation of the
drain via 142 and the RF ground/source bar 408. By forming all features within the first
dielectric layer 134 by a single masking step, the difficulty of forming the shield 136 from a

low resistivity material is overcome, as no additional metal deposition and etch is required.
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5 as an etch stop and define a source and a drain in a block 704,
depositing a first dielectric over the substrate in a block 706; processing
the first dielectric to formfeatures within the first dielectric including
a shield in a block 708; and depositing fill within the features to

el ectrically connect the shield to the source of the active region by a

si ngl e pr oceBefesirgmamteaF Il g¢ kerdis shownpr flow ichdre faduanteggedatirctiit eyq!me sent

i nventi is that i.t reduc s t he cost of nman actu an i rat
circuit%gbég%ﬁgb %o@? ﬁ%f%ﬁ?ﬂr?ﬂﬁm?sﬂi 8ﬂdggpg%d§ﬁ?§ ﬁHPPlona
deposi té@B@leBﬁﬂ%ﬂ"ﬂe PR ehCRVERtiRAN ECHRtdpgte] cieiing %@{e@h 80 &lchales $&ﬂﬁﬁg’lhe
from source bar and via formation is elimnated he present invention

conbi nesibstiete stithedrdadtive megipoin 8 béysk\Wi0Rhderesitingur watetialroviep theatubeirate t%@ﬁt and

et ot ng*uitoabstth EERuEN saltyRF RIFE ERe AniOTOe Bofuihd Bap iRtk Re

vi a( S) over the sub3@afecin 2630706 Eprodeskin@tthé EalitCditlodtrie s Hord f@turas dﬂﬁinr @d | ow
resistivity nmetal shield material is averted. Reduction etching

r ef r act Bisy dirbecaias inchuging asshielth s peocke 208; rndadappsiting tﬁllawerhtrh@epfpafe@ 40j s
great | yeléétHBAﬂfJ ﬁ%%&%hé 'sly g tﬂ?%{glﬂéeegf e a@iu?e Iaeé%' 64;% Ellhgtf% ;fiﬁée’espg’é g? Lng

t he 20eXcess ano orta I nv fon is
t hat t helotlowe®t possi bl e resistance path bet ween t he shreld and the source
|s est abli shed. Since the low resistivity material that forms the sh

nd® he sourfePHasipies adyagtnggsetl the REesAdRvanHeR eist (8! b grdpess ¢ ﬁechb

pOSS' bl &4 ﬁlﬁﬁétﬁ/éft?}gl f tédSch‘ﬁ'it’QtﬂJst%hledThg Whdhgr u?actl%Y e%eg' ﬂ%hﬁb”éh'ﬁéga&st@e

need for ayer contact to connect and the source,
t he addilhbladdﬂionelodﬁpasition emaskmgramd afdustiah ekcbmgarfta slseldlmatenn@ltsenaramcfrctme

overall resistance of .the systemi.s r Yet still r,
et LGt DY B BHTaHing dn BHRAIed | ohes pesgens riny ftiog: SarmRAShyfhey Hield

Pr 0CeSStorphfiGE stdpe Wil §hd Bbufcl biMfordditiof BboCidamt fAf TofhatRn | 3B afan be

silicon nitride, it can be easily incorporated in processes wel nown in

t hel Sar t cdnsequenty evipldys «singleahasking .ctcing) angb tleppsition| serighto OvRtepthashieldzat i on
process These and ot her val uabl e aspects of the present
|nvent|%Wf%ﬂ%§éﬂ%gﬁﬁnﬁs ¥urther the state of the technology to at |east the

next |evel. Another advantage is that reduction etching of a desired low resistivity metal shield
material is averted. Reduction etching of refractory metals, such as tungsten, can be difficult
and the process is greatly simplified by filling features within a dielectric and polishing the

20  excess fill.

Yet another important advantage of the invention is that the lowest possible resistance
path between the shield and the source is established. Since the low resistivity material that
forms the shield and the source bar is also used to connect these two regions, the lowest
possible resistance path is formulated. Furthermore, by eliminating the need for the Metal-1

25 layer contact to connect the shield and the source, the additional contact resistance of such
contact is eliminated and the overall resistance of the system is reduced.

Yet still another advantage of the present invention is the ease of integration of the
process. Since the material for the salicide block and etch stop layer can be silicon nitride, it
can be easily incorporated in processes well known in the art for dielectric contact etch,

30  tungsten fill, and CMP planarization process modules.
These and other valuable aspects of the present invention consequently further the

state of the technology to at least the next level.
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Thus, it has been discovered that the integrated circuit systemof the
present invention furnishes inportant and heretofore unknown and
unavai l abl e sol utions, capabilities, and ftinctional advantages. For

i nstance, by providing a process that reduces the nunber of deposition,
maski ng and etching steps, provides the | owest possible resistance path
bet ween shi elTHusinchasdger disceireded thatthe yntegrsiedyciricnit eyptem of themreseakingertiog

refract tal f||| r,0cess nore caost effi.cient and hi |eId

b oduct TkisnEL Thporint f RRESTEE JHPRYT i baSel ik FoluRRr APy S

strai ghtﬂi&hmaldadvﬁ@tagesef FBE thstice,U Wlaﬁgtaegroces@%v raRIceAtHe BurAbst of
effective, can be inplenented by ‘a apting known technol ogi es, and are thus

r eadi | y dgmsum, frgekiag fand ictahingastepse porvades dhe laveastipessible m@tanmmﬁhl hetw ¢ra

|nve s ,been de ribed i t|on Wt h eC|f|
o b SMele JPER s FRCE VRang -l PP O e R PGS i B BlagPREE 1
wi |l benappase fﬁfﬁélenttdilﬂslﬁglﬁdﬂ yiel@broduct bgn 86 fproduckd.gThe Qésulthfg @%eése@%ﬂag
description. Accordingly, is intended to enbrace all such alternatives,
nodi f i ca@nﬁm@atloalﬁdaWansﬁragh%fW%u epstroAlertive, t naommisatedofuehly yersatilecandded
cl ai ns. eLs f r..sh
acconpa ﬁ%&%ﬂ)@aéﬁc‘ﬁg %lteﬂl%ﬁgea bg;r %daf)ﬁﬁn% i(ﬂ&}yg ttcg%hgfoﬁleg ﬂ %\Séﬁpggﬁe%gﬁ}é s%lted
non- | i mfdriefificisgtrang ecoriBIﬂEcdllW:ENfer@.Al I\/ED IS I.A nmethod for manufacturing
anlntegratedc uit s m conpyi Sj formng a substrate with an active
regin; While tﬁﬁé‘rﬁ% 197 Agj beeTlessribaf b GRHURRENSNSE FRACHIS bESHEV G By
etch st gppandagefbBand SaMY SRRy @anbun BRI VakifGort Il BE afhabmClr i C
over the substrafé rocggilne Qﬁv Tpggt tlOlﬁictrlc to orn1§ea?hres W thin
t he fir gtosel shllled:url th:e arhod hgltmj the afur@ouhg dendription. Accordingbp dtsistintegddd fol
wthin the fe % ] ectri ? conr&ect t he hleqtothtﬁ sourc of t he
embrace a suc al ernatives, modifications variations w 1ch fall within the scope 0
included claims. All matters hithertofore set forth herein or shown in the accompanying

15  drawings are to be interpreted in an illustrative and non-limiting sense.
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10active region by a single process step. 2. The method as clained in
claim1 further conprising: depositing a barrier |ayer before depositing
fill within the features, 3. The nmethod as clainmed in claim21 further
conprising: renoving excess fill while maintaining the electrical
connecti on between the shield and the source. 4. The nethod as clained in
cl ai m ITHEANYENTEOMNCLAINED {89r mi ng i nduct or above the shield. 5. The
method as claim(' in claiml further conpri sing: configuring the
shield to altLer M hathodcfapamntfaomeing hotintegnatedeirciin pystem opmpm§ing:t i on
20occur rencefs, or ca%aci ti v% substrate current affects on Q factor.

orming a substrate with an active region,

depositing a material over the substrate to act as an etch stop and define a source and

5 a drain;
depositing a first dielectric over the substrate;
processing the first dielectric to form features within the first dielectric including a
shield; and
depositing fill within the features to electrically connect the shield to the source of the

10 active region by a single process step.

2. The method as claimed in claim 1 further comprising:

depositing a barrier layer before depositing fill within the features.

3. The method as claimed in claim 1 further comprising:
removing excess fill while maintaining the electrical connection between the shield

15 and the source.

4. The method as claimed in claim 1 further comprising:

forming an inductor above the shield.

5. The method as claimed in claim 1 further comprising:
configuring the shield to alter Miller capacitance, hot carrier injection injection

20 occurrences, or capacitive substrate current affects on Q factor.
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