., hi e3eqn| >6t TGK A DEVI CE AND METHOD FOR PROVI DI NG SHI ELDI NG | N RADI O
FREQUENCY | NTEGRATED ClI RCUI TS TO REDUCE NO SE COUPLI NG CROSS- REFERENCE
[0001 ] This application clains priority fromU.S. Provisional Patent
Application Serial No. (Attorney Docket No. 24061.162), fil r
15, 2003, and entitled "A DEVI CE AND METHOD FOR PROVI DI NG stmm@ﬂlmmﬂ[
RADI O FREQUENCY | NTEGRATED CI RCUI TS TO REDUCE NO SE COUPLI N ND
[ 0002] The present disclosure relates generally to the field of*159159*

sem conductor integrated circuits and, nore particularly, to a shielding
| ayer that gl 521}31 reduce noi-se_cou Iing in such circuits. [0003
Radi 0 1 e BRIYCER) GRIIOR PR GYIRING SHIERDING INRADIO FREQUENC
circuits (1Cs) usedNTEGRAZEDSGERCHETHTQREDI Gl NQISECQOURIING st ens,

i ncludi ng d obal System for Mbile Comunications (GSM; Digital Enhanced

Cordl ess Tel ecommuni cati ons (DECT); Universal Mobile Tel ecommuni cati ons
Syst em ( ((NRGSS-REEERENEot h. Each system may operate within a different

f ,~but_all. ral |y .inyol i gh f i.gnal s. [Q004
o or NP0 T herdieau IR prbub i s iaionsl Eaien Agaliciie Segtl No. -
filteringAttampy Doyket Mo. MIO@Q? fléd SWORGHATG 532@NAS eftitleWOh] DWI%E\AND

In

i npedance natching and in the formation of resonant circuits use
radi o- f réﬁ%éﬁ@?%&

PROVIDING SHELOINGHERADIQ FREQVENCY BTEGRATER: e of f
chip ind q&gp@g i ause of the difficulty in

i ntegrat %@Uﬁ?n uct%@%@%q he r@g;ged hi gh i nductance val ues into an
| C. However, with the increased speed of |IC devices and the advancenent in
mul til evM@r ection technologies, it is becom ng increasingly commobn
to incor passi ve conponents, such as resistors and inductors
into ICs. [0005] In radio frequency integrate circuits (RF 1Cs), crosstalk
(e.g., o000z er fHisgste@nbéisaieaie Riat@afeatiBy GORD ARV SRS neNIG ihitgRAkd

i nterconnections) generally increases as signal frequency increases. To

i ni ni ze “¥EER 2@ galiedakticulirlyn ot Feiding layactharmeayiksussd toeedyce risesenupting in
vari ous REqedifcaists and to prevent noise coupling between the RF passive
conponents and the underlying interconnections and active devi ces.

Cur r ent | 0003] si niyadio freniemcy (RE)poegpohenteare oftembbplbmemtyd bthiistegrated circuits -

shi el din r.in an REIC chip to isolate RF passiye.coppgnegts fr.om netal
i nter congleécs_ﬁ1 x%idrl% Gres ?““Eoﬂ_ﬁ@()&e:lé,%s §%W“&‘°§i‘°ﬁ’§ R fﬁ%i"%ﬁf‘éq%gf@afﬁ%%v Brayer
gener al | Wobikl Gdregauhicattns I(G_SI\/I)}JD%&aI?Ekﬂmah&decd?@l@ﬁs Tsl&combrficatishs AOBCEY;ea.
Furthermore, while fabricating RF circuits on a sem conductor substrate,

cheni cal -Writgisah Mabile golcommygicetinm) Systems(BATS); kad bluctootlr. déash aysemamayt hat
o e ek RIR AL PRSI S IO SRR bl D

processe net a surface IS S
Accor di ndP804] whaAmiosg néedesmpenentspRBeiechis Hieqletitiyaitiliae ifduttess fapditeringt hod

for formng,such shielding. F, DESCRI PT] ON OF THE DRAW NGS [0007] Fig.1
a illust P&ﬂ’é‘iﬁ%&épﬁég@ggﬁ&g Q@E\;}ggg)qus%ﬂ SeyBRAITBAR MahReRRd e equency
I nt egr at gemetio F tesoiimk Gkc iR \WUs@inGaBiBlfRlq LRy aglrﬁchaF]io?s{. %@@Jgggérﬂi Below }]Oe()

illustrates one enbodi nent of a shielding [ayer that may used int
RFI C of Hzdisgrete off-chip inductor components may be used because of the difficulty in integrating

L
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[0009] Fig. 1 c illustrates another enbodi nent of a shielding |ayer that
may be used in the RFIC of Fig. 1 a. [0010] Fig. 2 illustrates a
cross-sectional view of another enbodi ment of a RFIC having multiple
shielding layers. [0011] Fig. 3a illustrates one enbodi nent of multiple
shielding | ayers that may be used in the RFIC of Fig. 2. 2 [0012] Fig. 3b
illustrates another enbodi nent of nultiple shielding |ayers that may be
used in the RFIC of Fig. 2. [0013] Fig. 4 illustrates a cross-sectional

vi ew of yet another enbodi nent of a RFIC having multiple shielding | ayers
and a guar | . i f Fig.
3. [ 0015l Bving M hchadd lon lcotSNARERudhel 5, oAb witie Mercindl 047,
vari ous ﬁfbdbdfll@ﬁidVB:eQﬂndSﬁhhaﬂﬂinn@némyxemsltll{\,@Dﬂ:&}cdﬁhgctloﬁ technalogileavlt ghart of
one errbogl ment ,of a.nmethod for fabricating a sem conductor device havjng at
Peast  onEeeRBIERUFRHIRY FOIVBPT tq HEATPIS ajfet gassdye FompRIFT, SYh aSFesisior A

enbodi rremau&f,rsqmm@od for fabricating a sem conductor device having at

| east one RF shielding | ayer. DETAILED DESCRI PTI ON [ 0018] The present

di scl osul0908le| aireradi nqyintegratepirchite(RF Kis), seasstelir{ago pointerferenge hetwden

Ceduce. BT SasfioRBnbbfah Alrdlnabify RGOy ASbrabiy e a8k Rabchey 1
fol |l ow ngwfbamj 0's utininfizesucH esosstalkya stuélﬂmgetructaﬁbmybmmédsto 1@crlate>vanmlsem= for

i mpl ementin ferent features of the ntion eC|f|cea s, of
o ot Bhd ok P oyp B B KB Bty SO mBPRN 47 the hdsr ¥ien

di scl 0SUffercoA8iRnRAR] adtive ABHESE CufRhEY, ¥ sﬂigi’émﬁlﬁ&n%ﬁﬁd MyRr Shethithggted to
be limtin In addition, the 1present di scl osur e may repeat referéence

numer al sused@s ashieldingdayer iman REIG ehip mgoletxé%ﬁmésve qqmmmc@tpétom mefal is for the
purpose tergdnggét cﬁE&le Effb@vc(;' A ‘r:i\%cf-rﬂl%ed d’ﬁet!xltﬁ er ]gergérﬁlé'%&aﬁ sIC

rel ations vari ous e Fgur at1 ons
di scuss edeslgxﬂOIbQ]md?hfaqmbr ug ¢faC Eugacelara Furtherere; wihild fateiohtingeRF eigduits on a

frequency in rate CII‘C 100 is illus ed that avgids using a
si ngl e, 'ﬁ? FOpURgtaEt Fmre(alj Wkwlﬁs@n&ﬁ&mp? Sich & jeTes Sitags a’?bé%e and
may caus &aﬂfo@rh@&‘bf‘&e%ﬁéteﬂ%ﬂat@ﬁmagEéﬁéb Qugikhinstestdct AarhicH e pPeEcleQe&QQtal fsurface

conprom ses a sen conductor substrate 102, conductive routing 104
active cisrdiﬁh&hak’,f@rfﬁkbﬁfeth@fsﬂaqRF passi ve corrponents 106, and a RF shiel ding

;;;glct/gr ﬁ Mf%ﬁdf@ggl‘(%ﬁg egl?sgle con orgrfsagg&l:g@sa%n rgggn%{a{;ﬁl Egl ude

an el enefdrmnr)gwelm;}neidnhlgct or such as crystal SI | i con, polycrystalline
silicon, anorphous silicon, germani um and di anond, a conpound

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]  Fig. la illustrates a cross-sectional view of one embodiment of a radio frequency

integrated circuit (RFIC) having a shielding layer.

[0008]  Fig. 1b illustrates one embodiment of a shielding layer that may be used in the RFIC
of Fig. la.

[0009]  Fig. 1c illustrates another embodiment of a shielding layer that may be used in the
RFIC of Fig. la.

[0010] Fig. 2 illustrates a cross-sectional view of another embodiment of a RFIC having
multiple shielding layers.

[0011]  Fig. 3a illustrates one embodiment of multiple shielding layers that may be used in

the RFIC of Fig. 2.



.sem conductor such as SiC, GaAs, AlP, Al As, Al Sb, &GP, GaShb, InP, InAs, and
I nSb, or an alloy sem conductor such as Site, GAsP, AllnAs, Al GaAs, or

Gal nP. Furthernore, the sem conductor substrate 102 rmay be a sem conduct or
on insulator, such as silicon on insulator (SO), or a thin filmtransistor
(TFT). In one exanple, the sem conductor substrate 102 may i nclude a doped
epi layer or a buried layer. In another exanple, a conpound sem conduct or
substrate nay be used and may further include a multiple silicon structure.
In still another exanple, the sem conductor substrate 102 nmay be a silicon
substr at d npy further include | til I, ,C und senji conduct or

st ruct r 80T B Bliaietmosisn erpadiernas il s PR Rde FLUF RS 36t e ned
areas, OQVYhERBIC i@ . rcuits, such as bipolar transistors, netal-oxide-

sem conductor field effect transistors, (MOSFETs), and Bi CMOS \(}gB-l ol ar and
CVOS t r alf913t or Eig. 4 jlbistrates prostenstional view ofogt anedher embedimentafia RFIE hayingt

conpone ‘ {65 I ions to underlying active devices in the
sem con ucﬁzlttlgfe%gtcggﬁjgygs %@5 g‘%&@ﬁﬁ#ht erconnecti ons nay be nade from
conduct i [pé141at eFigab fllustratas aopcoppef thed®didfef Figl #.0y, al um num al um num al | oy

Al -Cu-§ titani ym titani Nitri. t ant.al L | i tri ,
Caore byt PG ¥ kBl 1 Bl M SRS e Bten
The RF p@shiewdingRp@enents 106 nmay conprise capacitive conponents, inductive

conponents, and_resi stjive conponents. A capacitive _conmponent may conprise
two el ectPbles Eitd7 & 3 Hoticharbpt ggrabodismepee meiB0d 35 TalTicat PR canduBlar on

the mat efd@lehatingd: feit oE@RF%hﬁFcfiné. of the capacitors, capacitive
conponents may bé made using polysiTicon-silicon, polysilicon- polycide,
pol ysi | i B8h7Ipol Yig Biicaflow ghary of dnothen embodimentmf amestiadd foefabricatngaci t ors. A
capaci tor_i.nsul ator layer. may, be fabei cated using high k material and/or
on k. metea P b el el A 1F ohd RE PRI 00 "ay be Torned uei ng

tetraethylorthosilicate (TEGS), silicon oxynitride (SiON), silicon nitride

(SIi3N4), titani um oxide {’Ti Q2), tantal um pentoxi de (Ta205), or barium
stronti UMMT _.T i nductive conponents and resistive conponents
may be npges)f r9nﬂhea&g?mgisx(m/ilsm&ag}e@g&tetan9wﬂfemm?&%eﬁioon&%&ﬁﬁte@ieey,

al um num_al'um numal l o Cu-Si), titanium titaniumnitride] tantalum
t ant al unsirduits,ingase partingletlnio a skiekdingslayedr thati ay o peed tp adducendiseeouplingiia sueh bon

nanot ube 0Q3 ' i.Ll.an ef N i 1 nd lc...the RF

shi el di né’lrcsugtgult%: Jut}n\ge%gygﬁ;jlgdv%égg{,ﬁaé%hg&g %%Y\?Rggiisgltoguergi&oﬁgquma\%ﬁif%ﬁﬂ?ng 104
and the &hbqdimeity,@r exanmsiess fdrdmplmentingdiffersne featlires of thedhventioheSpiit t hese
two | ayers. gqn the present exanple) the RF _shielding, structure conprises a
singl e sFAEIPUESIOG Comptents ppd pRRRESMenSiaFr lescrihed heloyr topimplify fharsssentsuch as
copper, gRnp&ie. ANy are2dfWouAE TherdlyWRhmpIet fd 8Y nétAhrefledIbbe ibdi@N I HM
titaniumnitride, tantalum tantalumnitride, tungsten, tungsten nitride,

or dopedadsitians theipeesant digslaspreymay igpesd réferemieguimenal pans/et ldtters intthevagioue| di ng

| ayer 11 a LOGI. L ' . k: 112
oy be of AhesC ARt B Rl PBERRATL b ooty Y 3: hokn RETFYRER

ar r angeda tetatfonship betyeprathe eariofsenthodimsdntd dndébrlcomfaguratibat dcussédnes, etc.), the

pr esent i ng 12 for p) ural i of strips_across, the shiel ding | ayer
110" (s PRROLY F Rebirtna,Ore dehingpe emibaiGionhad emicray sgyediireos SRAC
exanpl e, 1§@isRlRkhEs (1A aRidLusidY af’éiﬂé]e,"ﬂﬁhﬁ&rdb@édtxhé‘tﬂ' layer I PHIER ARG STEIBM WRE

pl aced to connect various circuit conponents that are ablove and bel ow t he
shi el di ngf dpageeand ay. cap@odishimeefbect anpreviovsly deskiibed. ZheiRFIGAO0 hemprontissdanent ,

the RF shielding structure 108 of. Fig.. 1 LS Il lustrated wth second

hi el di neTEgete bR o Eepaline relngafuto abt TP ER T mh B R P 1 14
i ncl udes cémipdrieits €06)RAA aMISshidlding dthicture @ 0P poditionet Yetwdkh Hrwahdickiee Afting Ngs
112, 116 pmy be of any shape and y be arranged to formany pattern, the
pr esent 6%%ﬁﬂﬁb%REP2¥“TfBFWPB?ﬁ§Hﬂglurality of strips across each of their
respecti ym2o €Hfk IemicBi®ictr 3diirattth2 ridPURMEdo anPlerhdiftarp BEMcHARIctbE duch hd6 MBY
reduce the amount of shielding provided by each of the shielding layers 110
and 114, ciybte! siixeni pajycrydtaline siliedn, eindiphgus siljeon, gramyabigmentl ségmdnd pareqrhpound
openi ngs of the other shielding |layer to create a grid pattern or a solid
shield when viewed froma vertical orientation. [0025] Wth additional
reference to Figs. 3a and 3b, the offset arrangenent described with respect
to Fig. 2 may be achieved in a variety g ways. For exanple, the offset
arrangenment nmay be designed with the openings 112) 116 in different
orientations in their respective shielding layer (as illustrated in Fig.
3a), or the offset may be designed by offsetting the shielding |ayers 110,
114 thenselves if the shielding |ayers have an identical arrangenent of
openings (as illustrated in Fig. 3b). It is also understood that each

o o R o o o g, -



6 [0029] In step 134, a shielding layer of conductive material is forned
above the first structural layer. The conductive material may substantially
include a netal or netal alloy, and may be formed using al um num al um num
alloy (Al-Cu-Si), titanium titaniumnitride, tantalum tantalumnitride,
doped polysilicon, or other suitable conductive materials. Furthernore, the
conductive material may be deposited to forma structure that includes
multiple | ayers. For exanple, titaniumand titaniumnitride may be used to
provi de a barrier | ayer for an Al-Cu-Si alloy layer. The deposition may be
acconpllshed n u 0s] 4 PVD)
process, SCPW:@P ?{% g?/ g?’g Ag @%ng%suﬁ@?ja%?bggbgﬁ% ﬂﬁ@b%&légtg 9|l>1/cl udi ng
el ectrol #ky s@hﬁbmdl@tdﬁrsucﬁrl ﬁfﬂrﬁeﬂkﬁts’PnglInAs HGahemr((}dInR/ahmhedﬁmshél on { CVD)
process, includin t nospher ressure CVD ( AP |.ow pr.essur.e

(LPOVD) Jscpcesi o RHEEI /R PR CorgHef o ARG R SR Vo)
For exa gﬁ) SPHid filth Fl'gnsnﬁé/r @ET )’Sﬁr%nt:@xﬂﬁ;ﬂesthé setnn@orﬁiuctgi"s@strﬁk |192'nfa5'| m as

t he shiel'ding ayer 0030] Tn step 136 he shiel ding | ayer may

patter nenicllude pdomdepi Rygprosddudeddapierd Iaamc&hﬁ;@nmlem camponng g@nm@nctuh@r
shi el di ng.l ayer. resen X I process
ay be URRANETEY by uied SR D s R S p e B0 e W RABRAY, D

produce é&hagphatie semlosmmdtc&rsubmw 102. mdycte mmmsebsmie addlm@tﬂuamrdmlude a
process flom1 i ncl yde for hot gy esi st l.ayer qon the shiel di ayer
Dy S i n-BHIHAYSE CORPOB R TEtoh BBt E ]t S enda gk S TN GO DG BPed

| ayer tore%ioﬂ@ a&&ﬁw&@a@dmws%%&cm@bey&m@br};grafr &snghé)rs%eﬁr stiad-ayer, and
putting the develog hot or esi st (B¥ hrough a post - bakecgﬁocess Thi s
process Selrmwndu@mls @ds edt drapsistozsi(M Ec'l"pbﬁhﬁh@ﬁl‘f’[@rs (Brlwl%rrﬂnél @F | ayer from
t he phot m E)to t he photoresist. The exposed portion of the shielding

| ayer nma ’}H %’be removed, which transfers the pattern fromthe photoresist
to the sfoogi]di n@ht amﬁrucm?avauﬁ@grmafor #tiee efcuingynponents day dictudet chi ng, wet
etching, reactive ion etéhln . or other s itabl e pro esses The

phot or esinéareqpasctionsip Wiedyipg Bﬁé’& dSV‘CWe‘P thg sepjigan thB’rS“EF 05 fhchg. [ 0031]
In step rjn?’%éonﬂeéﬁﬁg)ﬂg y 3L hAQE HoA! cond@y@ive FRYerRR shaH AR paROYSpENQIoRat t er ned
shi el ding | ayer he Second structural |ayer may be a conductivé |ayer,

such as #hmirgondliotinye alleytAlrgGu-804titamug, titanim gfrideatanistung, taniglom nifridet her
conponenf u [ Q Fig. 1a). In the present
exanpl e, l@ﬁﬂé §?§$§ﬂ% Eﬁﬁf ?8$SM§Pﬁﬁ§H§a§§%§ﬂ%gﬁ§é routing |ayer and the
second sf{002g}k ur dhe RM&sweSccﬁnﬂoamas 106 mRchmewepacam@nmpbsentsThﬁumhod 130
positions the shleldln Iaéar between the first and second. stru tur%

| ayers t 6OTRRRERSS A0 Kesiive COMpPReAls: AvcapaqifymeqmuqueRt A OMIGIF I Pegitodss | n
anot her  edOREUIRGE layér BERVMAdh (R d1tdtidals. HaBed G RRHRHaA 1sed AR thLAdtRBes
process that nmay be"used to fabricate an RF shielding structure, such as

t he RF shf &k dipagitars,roapacitive moqggtmabb@ma%mmdysﬂmgﬁdmonrwlyrsilg;onﬂ The

met hod 14 in 4 L S d on a
sem -condﬁ&%ggé)uﬁ'glth@%liéag’sllﬁ ‘%rmg’ﬁ “g‘%“: {I}cé ?AH ﬂgh}%&ﬁmﬂ a@%(gﬂéaAchﬁ%Ltgfi ve

| ayer, simblars latyb:ema}olsldfabﬁtatai using higlgk ihﬁ’éhn(aFargVorlo\a)( rtm’terﬁﬂj»aiaé oa dleﬁgxer of

ot her co onents he RF assrv [ 0033]
' step SopBderatipts, an ok Be ritnedvn B LA rlagi LD Mg@ﬁ%ﬁ tterned
to form g; (%tdrlréoﬁ‘ﬁ?chdé mlﬁ‘hﬁ' tﬂ&uhﬁ%&ide (ﬂGﬁQk‘rﬁﬁluH’ﬁénﬁﬁicﬁ' (¢h{dﬂ) |o@l$ﬂﬁ1§n may be
deposited an atterned describ fespect to the nethod 130 of Fig.
7, in thetrw@getnanaé«éﬁﬁﬂi)emhe}ﬂuaw@ qommé@ntwrdﬁg&an@m@w Bay erimpde
damascen i i I may
be depos? gracog %C\%/lé'gt aéerlal ¥ “d‘t@ p%?am]B L#’%@é‘wlﬁ@%‘ﬁ“g Qhﬁ?ﬁrﬁﬁ &1%? duaél)

t her mal  @tanRIRE tigatiwiAa hitbde, taNEXRvD), tahﬁﬁd&ntrf&ﬁd@gstaﬂmdtﬂlﬁlﬁ@ ddblaépdﬁyeilteohrl c
mat eri al may i'ncl ude. silicon oxrde silicon carbide, fluorine-doped

si | i cat e2pd eglonmagelibesy dr ogen si | sesqui oxane (HSQ, organic pol ymer, or
blrack di g4 lag [\Wﬁ%&dﬁmp&a@ﬁ&'ér s3%@hd T8%hd REShiBRi bk {08 it he
dielectric yer and patterned based on a predeterm ned arrangenent of

openi ngs positioned batwrier thescopduatias soutingO4rand tha REFipdesipaeanaponienty 166 {9hroinbniagi st

| ayer by transferring a pattern froma photomask using a plurality of steps
such as spinning, soft baking, exposing, devel oping, and hard baking. The
exposed portion of the dielectric |ayer nay then be renoved and a trench
structure may be formed. In this processs ng, the pattern may be transferred
fromthe photoresist to the dielectric |ayer through dry etching, wet
etching or RIE. The photoresist may then be stripped using a wet stripping
or plasma ashing process. [0035] A layer of conductive material may then be
formed in the trench structure using conventional deposition processes. The
conductive material may substantially include copper, copper aIon,

M 1



[0036] It is understood that other conductive | ayers nmay be deposited in a
simlar manner. As described previously, the arrangenent of openings in the
ot her conductive layers may be offset to present a solid shield when vi ewed
froma vertical perspective. For exanple, the sane photonmask nmay be used
but repositioned to provide the offset, or a different photonmask may be
used to pattern different conductive |ayers. [0037] In step 146, a guard
ring may be fornmed and connected to the first and second shielding |ayers.
For purposes of illustration, the guard ring nmay be fabricated usi ng known
met hods for fabricatjng a netal via or contact, .sych as.dielectric |ayer
Goposi £ BHPIDE Betaet (esh i Tevests 1tk ket ol f CF ielaing Srbrivie compaes

mat eri al a gl sAR1GAPR, 110 FHRRA vding A)metalod ekl Aoy stidH 43Bhd:] RppérAllofu- Si) |
titanium_ titaniumnitride, tantalum tantalumpnitride, tungsten, neta

si |i ci de2lugipuy ahsnipym|alley (Al-Gu-Sdatitsainm strpiumaitride, tantalem damtalymminids, t he
fabri cat| a. ri f ] i .pg

| ayer s i tngh gt o B AUANROE ALkl ABC ISFRATE GLMED.
may be diyesili0enhy abseainclndemmubiple epenpgs 1 E2. nélthcughl thet apleaitigs bl Tmayibe s f ang

mat eri al useg to fiél t he vias,above the dielectric.layer, and theq %%F

shi el di nEPPEYes PSP ELPIG tco) 2P 5y de ARangEH A PafFm fpensiated
Accor di nghss, dyreidlIRies, Res. ) tePRéseMbpehingdE120FA% @ plirdltty oS sthibé stbdsaheshidlfingt €P
146 follomnng the formation of the first and second shielding |ayers Tn
step 144laypg llipggs dlusteptesdbiadiig.pe). oFha epepings | FAmewbrowsgd) for eample teproyida an

[ 00381 s i BughiFhich DerabdiidercBeRGAY L HULAN AR AR RN BmBBREC! o
to a common voltage potential (e.g., dround). I's may al so occur® during

t he f or mtitat ane abdvetand belomsthe ahidldgedayed 1801 el di ng | ayers and/ or the guard

Chi o of ndD A} or JRTRag 0% SR BE Py farsinat oAy Rrenials BE Tl RgHiRe

such as the ineEtedivitea sbhd §i9elding 14yet D14. 1A heYresdBYedathpte, Eﬁ:}&%hieﬁﬁn%?'lﬁlj@r
conmponen such as the RF passive conponents 106 (Flg 1 a). In the

ts .
present &k&rpfinclydes muftiple opanings tl 2,216 resmeetively. sAltkmvgh dhe epsningul 17 d 16 ayer

dth I ' I ' ; t
a1t hough 0 P! BB AR meyMeBlnanBedto Py Tanth, BERNAR BRENER D16, |,
posi t i on$ortreeplshalig) afistripslaasoss sachiof theirtredpectvfefshietdingplapern y 10, 1e4 WHowetdneasf i r st

and second str.uctura ayers, to.mnimz oj se coupl {hg. [100Q40]. The present
ST oou e RERRELIZ ALERFY Eilybr P aodr o shEl Biearor R Pesrebar enbiclding”

| npr ovemedyess 100 ah®@di 4, itleddpeings bidakh BiFeIAmR 1&RPA$ BE offSet BRHEMB SpafinglofitHear y
skill in the art only after reading this disclosure are deened within the
spirit amthesghigldingfayento cagnss ¢ gud p%ﬁ%.m ot a sodid shighl shesodewedeirors avertigpl
nodi fi caphiglisiorchanges and substitutions are intended in the foregoing

di scl osure ané)ln sonme instances sone features of the invention will be
enpl oyed [#125houtWith edditiensb oaferiency ta Fegsoda amdidby the effsetraesngeAnodadcmiggdywiti t i s

appropriate that. the appended .cl ai ns be.construed broadly.and in a manner

st ot e PR gk med B AFve bR VRN ST B For cxeqmier dreg e bimpBs et A A
sen condys desigrde Witheth& 3ydniteysa 1 3,UNStiA different BRerdR16nS ¢ heiFREsh&dtivE shidllinkCt i ve
circuit layer formed proximte to the sem conductor substrate; a conponent

| ayer cobgyer @ Hipstpted epkig. Imeoribrnifset maybrdrsignedpy offseitinathe shipldingdaierst or med
therein: 13901 tlddslve? [théaﬁfei}ér?@inh Ta48fs HROSA 1aORRd! REMIER LESpdifitds (& €' reurt

| ayer an he conponen
illustrated in Fig. 3b). It is also understood that each shielding layer may have no opening, or

may have a single opening that is offset from an opening in another layer.

[0026] Referring now to Figs. 4 and 5, in still another embodiment, the RF shielding
structure 108 of Fig. 2 is illustrated with a guard ring 118 and a grounding structure 120. The
guard ring 118 connects the second shielding layer 114 and the first shielding layer 110, In the

present example, the guard ring 118 is designed in a strip structure in which a plurality of strips



wherein the first shielding |layer includes at |least a first opening fornmed
therein. 2. The sem conductor device of claim1l further conprising a second
shielding | ayer positioned between the active circuit |ayer and the
conmponent |ayer. 3. The sem conductor device of claim?2 further conprising
a guard ring connected to both the first and second shielding | ayers. 4.
The sem conductor device of claim3 wherein the guard ring conprises a via
strip. 5. The sem conductor device of claim4, wherein at | east one of the
first shielding |layer, the second shielding |layer, and the guard ring is
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vertical strips and is not limited to the illustrated example. The RF shielding structure 108 may

be grounded by means of the grounding structure 120.

[0027)  Referring now to Fig. 6, a chart 121 illustrates a coupiing interaction (and, therefore,

~ a shielding efficiency) between a conductive routing layer and one or more RF passive

components (e.g., the conductive routing 104 and RF passive components 106 of Fig. 1a). In the

present example, the RF passive components 106 have been characterized in four situations, each

of which is represented by one of four curves 122, 124, 126, and 128. Curve 122 represents the

absence of shielding; curve 124 represents shielding using a single metal plate without any

openings; curve 126 represents shielding using a single layer of metal having a slot opening; and

curve 128 represents shielding using two layers, each of which has a slot opening arranged with

the opening of the first layer offset from the opening of the second layer. For purposes of

illustration, the coupling is evaluated by coupling power and drawn in an arbitrary unit versus

frequency. From O to -1, the coupling power is from strong to weak. Accordingly, the coupling

power is expected to be minimized or eliminated when a shielding structure is used. As shown

in Fig. 6, the results illustrate that shielding efficiency increases using a single layer of metal

having a slot opening (curve 126); increases again using a single metal plate without any

openings (curve 124); and increases yet again using two layers having offset slot openings (curve

128). It is understood that various changes in the material, structure, thickness, number of

openings, offset orientation, etc., may alter the results from those shown in Fig, 6.

[0028] Referring now to Fig. 7, in yet another embodiment, a method 130 illustrates an

exemplary fabrication process that may be used to fabricate an RF shielding structure., such as

the RF shielding structure 108 described above with respect to Fig. 1a. The method 130 begins

in step 132 when a first structural layer is formed on a semiconductor substrate. The first

structural layer may be a conductive layer, such as the conductive routing 104 (Fig. 1a) or may

be a layer of other components, such as the RF passive components 106 (Fig. 1a).



.9. The sem conductor device of claim8, wherein the second opening is
offset fromthe first opening. 10. The sem conductor device of claim8
wherein at | east one of the first opening and the second opening is a slot.
11. The sem conductor device of claim@8 wherein at | east one of the first
opening and the second opening is a hole. 12. The sem conduct or device of
claim 10 wherein an orientation of the first opening differs from an
orientation of the second opening. 13. The sem conductor device of claiml
wherein the at | east one RF passive conponent conprises a capacitor, a
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alloy layer. The deposition may be accomplished using processes such as a physical vapor
deposition (PVD) process, including evaporation and sputtering,- a plating process, including
electroless plating or electroplating, or a chemical vapor deposition (CVD) process, including
atmospheric pressure CVD (APCVD), low pressure CVD (LPCVD), plasma enhanced CVD
(PECVD), or high density plasma CVD (HDP CVD). For example, sputtering may be used to
deposit the Al-Cu-Si alloy film as the shielding layer.
[0030] In step 136, the shielding layer may be patterned to produce a predetermined
arrangement of openings in the shielding layer. In the present example, a conventional
lithography process may be used, but it is understood that other processes may be used to
produce the same or similar results. For purposes of illustration, a process flow may include
forming a photoresist layer on the shielding layer by spin-on coating, baking the photoresist layer,
exposing the photoresist layer to light through a photomask, developing the photoresist layer,
and putting the developed photoresist layer through a post-bake process. This process flow
transfers the pattern of openings for the shielding layer from the photomask to the photoresist.
The exposed portion of the shielding layer may then be removed, which transfers the pattern
from the photoresist to the shielding layer. The removal process may include dry etching, wet
etching, reactive ion etching (RIE), or other suitable processes. The photoresist may then be
stripped by wet stripping or plasma ashing.
[0031] In step 138, a second structural layer may be formed above the patterned shielding
layer. The second structural layer may be a conductive layer, such as the conductive routing 104
(Fig. 1a) or may be a layer of other components, such as the RF passive components 106 (Fig.
la). In the present example, the first structural layer is a conductive routing layer and the second
structural layer is a layer of RF passive components. The method 130 positions the shielding

layer between the first and second structural layers to minimize noise coupling.



i nterconnection structure. 12 19. The sem conductor device of claim 18
wherein the interconnection structure is made froma material selected from
the group consisting of copper, alum num polycrystalline silicon,

tungsten, netal silicide, and conbinations thereof. 20. A shielding
structure for a radio frequency integrated circuit (RFIC), wherein the RFIC
I ncludes a first structural |ayer having at | east one RF passive conponent
and a second structural layer having routing for active conponents, the
shi el ding structure conpri sing: a first conductive shielding | ayer
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[0033] Instep 144, first and second shielding layers may be formed and patterned to form a
multi-level shielding layer. Although the shielding layers may be deposited and patterned as -
described with respect to the method 130 of Fig. 7, in the present example they are formed using
a damascene or dual damascene process as follows. To accomplish this, a dielectric material
may be deposited above the first structural layer using a spin-on process, thermal or RTP
oxidation, APCVD, LPCVD, PECVD, and HDP CVD. The dielectric material may include
silicon oxide, silicon carbide, fluorine-doped silicate glass (FSG), hydrogen silsesquioxane
(HSQ), organic polymer, or black diamond.

[0034] A photoresist layer may then be applied to the dielectric layer and patterned based on
a predetermined arrangement of openings. For example, a process flow may include patterning a
photoresist layer by transferring a pattern from a photomask using a plurality of steps such as
spinning, soft baking, exposing, developing, and hard baking. The exposed portion of the
dielectric layer may then be removed and a trench structure may be formed. In this processing,
the pattern may be transferred from the photoresist to the dielectric layer through dry etching, |
wet etching or RIE. The photoresist may then be stripped using a wet stripping or plasma ashing
process.

[0035] A layer of conductive material may then be formed in the trench structure using
conventional deposition processes. The conductive material may substantially include copper,
copper alloy, aluminum, aluminum alloy (Al-Cu-Si), titanium, titanium nitride, tantalum,
tantalum nitride, tungsten, tungsten nitride, doped polysilicon, or similar suitable materials. As
previously described, the structure of the conductive material may include multiple layers, such
as using titanium and titanium nitride barrier layers with a copper layer. A variety of deposition
processes may be used, including PVD, CVD, or plating. In the present example, sputtering is

used to deposit barrier layers that include titanium and titanium nitride, and a copper seed layer,



.second opening. 22. A nethod for providing shielding in an integrated
circuit forned on a substrate, the nethod conprising: formng a first
structural layer on the substrate, wherein the first structural |ayer
conprises either nmetal routing or radio frequency passive (RF) conponents;
formng a first shielding | ayer above the first structural |ayer;
patterning the first shielding layer to format |east one opening in the
first shielding layer; and form ng a second structural |ayer above the
first shielding | ayer, wherein the second structural |ayer conprises RF
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offset to present a solid shield when viewed from a vertical perspective. For example, the same
photomask may be used but repositioned to provide the offset, or a different photomask may be
used to pattern different conductive layers.

[0037]  Instep 146, a guard ring may be formed and connected to the first and second
shielding layers. For purposes of illustration, the guard ring may be fabricated using known
methods for fabricating a metal via or contact, such as dielectric layer deposition, via patterning,
and filling the pattern with a conductive material such as copper, copper alloy, aluminum,
aluminum alloy (Al-Cu-Si), titanium, titanium nitride, tantalum, tantalum nitride, tungsten, metal
silicide, doped polysilicon, or carbon nanotube. In some embodiments, the fabrication 6f the
guard ring and one of the first and second shielding layers may be combined into one process.
For example, a dielectric layer may be deposited, one or more vias patterned and etched, a
conductive material used to fill the vias above the dielectric layer, and then the shielding layer
may be patterned to create the arrangement of openings. Accordingly, while the formation of the
guard ring is illustrated in step 146 following the formation of the first and second shielding
layers in step 144, it may also occur prior to or simultaneously with step 144.

[0038] In step 148, the first and second shielding layers may be connected to a common
voltage potential (e.g., ground). This may also occur during the formation of the first and second
shielding layers and/or the guard ring.

[0039] In step 150, a second structural layer may be formed above the shielding layers. The
second structural layer may be a conductive layer, such as the conductive routing 104 (Fig. 1a) or
may be a layer of other components, such as the RF passive components 106 (Fig. 1a). In the
present example, the first structural layer is a conductive routing layer and the second structural

layer is a layer of RF passive components, although it is understood that these may be reversed.



.second shielding layers to a common vol tage potential. 26. The net hod of
claim?25 further conprising formng a guard ring to connect the first and
second shielding layers. 27. A sem conductor device having a substrate, the
device conprising: a nmetal routing |ayer for an active circuit forned
proximate to the substrate; a radio frequency (RF) |ayer having at | east
one RF conponent forned therein; and a first netal shielding |ayer

positi oned between the routing |ayer and the RF | ayer, wherein the first
metal shielding |ayer has a first opening formed therein. 28. The
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1. A semiconductor device having a substrate, the device comprising:

an active circuit layer formed proximate to the semiconductor substrate;

a component layer comprising at least one radio frequency (RF) passive component
formed therein; and

a first shielding layer positioned between the active circuit layer and the component layer,

wherein the first shielding layer includes at least a first opening formed therein. -

2. The semiconductor device of claim 1 further comprising a second shielding layer

positioned between the active circuit layer and the component layer.

3. The semiconductor device of claim 2 further comprising a guard ring connected to

both the first and second shielding layers.
4. The semiconductor device of claim 3 wherein the guard ring comprises a via strip.

5. The semiconductor device of claim 4, wherein at least one of the first shielding

layer, the second shielding layer, and the guard ring is made from a highly conductive material.
6. The semiconductor device of claim 5, wherein the highly conductive material is
selected from a group consisting of copper, aluminum, polycrystalline silicon, tungsten, metal

silicide, and combinations thereof.

7. The semiconductor device of claim 2, wherein at least one of the first and second

shielding layers is grounded or connected to a fixed voltage potential.

8. The semiconductor device of claim 2 wherein the second shielding layer includes

at least a second opening formed therein.
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9. The semiconductor device of claim 8, wherein the second opening is offset from

the first opening.

10.  The semiconductor device of claim 8 wherein at least one of the first opening and

the second opening is a slot.

11.  The semiconductor device of claim 8 wherein at least one of the first opening and

the second opening is a hole.

12.  The semiconductor device of claim 10 wherein an orientation of the first opening

differs from an orientation of the second opening.

13.  The semiconductor device of claim 1 wherein the at least one RF passive

component comprises a capacitor, a resistor, an inductor, or combinations thereof.

14.  The semiconductor device of claim 1 wherein the substrate comprises an

elemental semiconductor.

15.  The semiconductor device of claim 1 wherein the substrate comprises a

compound semiconductor.

16. The semiconductor device of claim 1 wherein the substrate comprises an alloy

semiconductor.
17.  The semiconductor device of claim 1 wherein the substrate is selected from a
group consisting of a metal-oxide-semiconductor field effect transistor, a bipolar transistor, a

capacitor, a resistor, an inductor, and combinations thereof.

18.  The semiconductor device of claim 1 wherein the active circuit layer comprises an

interconnection structure.
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made from a material selected from the group consisting of copper, aluminum, polycrystalline

silicon, tungsten, metal silicide, and combinations thereof.

20. A shielding structure for a radio frequency integrated circuit (RFIC), wherein the
RFIC includes a first structural layer having at least one RF passive component and a second
structural layer having routing for active components, the shielding structure comprising:

a first conductive shielding layer positioned between the first and second structural layers,
wherein the first conductive layer has at least one opening formed therein;

a second conductive shielding layer positioned between the first and second structural
layers and proximate to the first conductive shielding layer, wherein the second conductive
shielding layer has a second opening formed therein; and

a guard ring connected to the first and second conductive shielding layers, wherein the

first and second conductive shielding layers are connected to a common voltage potential.

21.  The shielding structure of claim 20 wherein the first opening is offset from the

second opening.

22. A method for providing shielding in an integrated circuit formed on a substrate,
the method comprising:

forming a first structural layer on the substrate, wherein the first structural layer
comprises either metal routing or radio frequency passive (RF) components;

forming a first shielding layer above the first structural layer;

patterning the first shielding layer to form at least one opening in the first shielding layer;
and

forming a second structural layer above the first shielding layer, wherein the second
structural layer comprises RF passive components if the first structural layer comprises metal
routing, and wherein the second structural layer comprises metal routing if the first structural

layer comprises RF passive components.
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pattemmg the second shielding layer to form at least one opening in the second shielding.

24.  The method of claim 23 wherein patterning the second shielding layer includes

offsetting the second opening from the first opening.

25.  The method of claim 23 further comprising connecting at least one of the first and

second shielding layers to a common voltage potential.

26.  The method of claim 25 further comprising forming a guard ring to connect the

first and second shielding layers.

27. A semiconductor device having a substrate, the device comprising:

a metal routing layer for an active circuit formed proximate to the substrate;

a radio frequency (RF) layer having at least one RF component formed therein; and
a first metal shielding layer positioned between the routing layer and the RF layer,

wherein the first metal shielding layer has a first opening formed therein.

28. The semiconductor device of claim 27 further comprising a second shielding

layer positioned between the metal routing layer and the RF layer.

29.  The semiconductor device of claim 28 further comprising a guard ring connecting

the first and second metal shielding layers.
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