:redett6 Ttt &SP14085PCT METHOD OF FORM NG A RAI SED CONTACT FOR A SUBSTRATE 5
PifngEBcRP0 BACKGROUND OF THE I NVENTION 1. FIELD OF THE | NVENTI ON [ 0001] The
present invention relates to the field of sem conductor integrated circuit
(1C) manufacturing, and nore specifically, to a nethod of form ng raised
contacts for a substrate. 2. DI SCUSSI ON OF RELATED ART [0002] In 1965,
Gordon Moore first observed that the nunber of _transistors per _unit area on
‘a chip appeaMETHQDLE FHQRMINGA RAISED, CONJACTEOR A RYB %TEI nce then,

t he sem conductor industry has managed to introduce new desi gns and
processes on schedule to deliver the inprovenent in device density
projected by the so-called More's Law. In particular, major enhancenents

in opti GAGKGRIOND OF THE AWENTION reduced the ¢ Smmmmmmu@mmgs' on (CD)

that can be successfully patterned in the feature r other
subsPrate. At the sane tinme, significant i nprovenents | n [

deposi t iong EpRFORAIE IRVENIgONEased the concentrati on, g th and t hi ckness
t hat can b‘e—p'r‘E'CT'S‘éTy_a?Y,%Weﬁ'across t he substrate. [0003] As devi ce

di mensi ons approach atom c di nensions) the 25 fundanmental |imtations of
physi cs (4 pl ay r e performance
and rel I[%¢+]I ty of-rlh[éffgé%gée\‘/ﬂﬂ%%ndoﬁl '%hgteéﬁ%ﬂ?er %‘d%?%gﬁﬁ]ﬂ‘log%ts i ssues of

scal i ng jfeyeateeercat (1) namifaetdring At midne spedifisallyt tw aimethbe dfr ont - end of
sem conductor processi n% or the wring in the back-end of sem conductor

pr odBssi ﬂ@n'n%ﬁﬁﬁﬂrcontac tor@suhatialei ncreasingly inportant to bal ance the
scaling 30 of the transistor and the interconnect ﬂmﬂmum ate with the
scaling of the interconnection between nultiple su H M nm P14085PCT
[0004] ThuBISCUISEION OREATEDAREt hod of forning raisggscontacts for

i nt erconnection between substrates and a structure having such rai sed
contacts. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0005] Figures 1 (a)-(g) are

illust ré[ObOZ[}S of dnd065sGoeddn Moate first obsérved thatthe andmankrafitansistors net hod
of formn

rvdB§ G T8 400613 BB HRpearcLfo SeUle GRPiRITAIL erE, THGRI. Ever
Cross- S%@ﬁdé)%h HeP¥erffcoRd SétbH fidusty W&Q%éﬁ%é&ﬁ@ﬁnﬁo@ué&néﬂ desigHestrate

according to the present Invention. [0007 gure 2 is an illustration of a
cr 0ss- sed piesessascon sechegule & dﬁb@!uth%ﬂﬂp@wem%!méavm density psigrted i ng

ral sed G A SABHIERLPAM Al SSBGEE THRE chRah dimBhEIS BprbOuRAt o

[ 0008] SO an | Ius ori of* "'a cross-section vi ew of
struct ur;mdtdsltthogmphwh\asetre@cmbhhbrcameal dimensoon(Gd2)t thet oan the ai sed cont acts

20 3(6C0rsqjic2gs fglly} Qgﬁgmea?rq tthe Pea?ures on a chip or other substrate. At the same
time, significant improvements in doping, deposition, and etch have decreased
the concentration, depth, and thickness that can be precisely achieved across the
substrate.

[0003] As device dimensions approach atomic dimensions, the
25 fundamental limitations of physics will play increasingly larger roles in determining
the performance and reliability of the devices on the substrate. In the past, issues
of scaling have generally involved either the transistor in the front-end of
semiconductor processing or the wiring in the back-end of semiconductor
processing. However, it is becoming increasingly important to balance the scaling
30 of the transistor and the interconnect on the substrate with the scaling of the

interconnection between multiple substrates.




DETAI-LED DESCRI PTI ON OF THE PRESENT | NVENTI ON [0009] In the follow ng
peggepePti on) nunmerous details, such as specific 25 materials, dinensions,
and processes, are set forth in order to provide a thorough understandi ng
of the present invention. However, one skilled in the art will realize that
the invention may be practiced wi thout these particular details. In other
i nstances, wel|l-known sem conductor equi pnment and processes have not been
described in particular detail so as to avoid obscuring the present

| nvent ] oo0d, L 003 Rl Anfiftik FBeBEY iP8 rhanBERS foinfing HAiEEd bftdls fokerat | vel ¥
per f or mi ome ¢ Pnats on of i processes such as dopi ng, depositing,
pat t er niterconndctidrebéta@enBubstrgtéshand alstruchire having suchggisetdawntaats.ui t s
(I'Cs) on a chip or substrate, transistors nay be formed in sem conductor
material and separated by an 2 P14085PCT el ectrically insulating

nat egi a'BRIE{E_'?Eg@ﬁP?M%WE PRAWMN®Ered up with an interconnect system
t hat ha an electrically conductive materi al separated
by the electrically insulating material. [0011] A higher device density per
unit vol may be.achi e J Iy : e
substr atléér&ﬂay be?:ww&ﬁ tﬁi#%agq ﬁ'@gﬁuﬁé‘ﬁ% 6%?&%%&@%’?@%? gé%?qr%nsi onal
i Nt er coRpRSEdiMenis oy pletisod of forthirepatraised contach foraussistrte accaidingtoesent

i nvention describes a nmethod of form ng raised contacts for interconnection
bet ween tR@pEasent &wenfion12] Some enbodi ments of a structure according to the
preggnt 10 invention are shown in Figure 1 (g) and Figure 2. [0013] An
enbodi ment of a structure 1000 that includes a plug 135 on a substrate 100
i s showj0006JFi gur Figurey] (g)Tinalsn a illushatiery of acress-segtional viewtef@ to pernit

i nput of .,a signal, .t or 0, [ connect ed
o an actilrd it iplugélaHiEh s sty RERRtertlry o B Bigkert ehibns
substrate 100. [0014] An enbodi nent of a structure 2000 that includes two
i nt erconnect ed substrates 210, 220 aCFording ent invention is

tq. the pre
shown i M080FLre 2 Figuee 245 apllyskiabome Pr?é??ﬁi%%gﬁ’nﬁﬁ'gl’“?ﬁrbed contact 211
forqg fi oon RIEartestate retweenRdbstpateed cont act
2211?0r egﬁﬁs%(gg%@& gﬁgg?%gtegtog%e*ﬁ%ﬂhgﬁg{%o enbodi ment, the raised contact
211 per raccsrdingta thef presenignuéntian. or out put of a signal from a bond pad
204 connected to an active area of a device in an underlying |ayer 202 of
the substrate 210. [0015] Various enbodi nents of a nmethod of form ng raised
cont act §0008] a sulRigues 2 is BRoarcikinstratipnt of 4 beosprsectionaliviemeof aon are shown
in Figures 1 (a?]-(_g) 25 and thure 2.. A subs}r txﬁaloo may t| nfl ude a wafer
havi ng ritluctyedhatinglydes twg suhsirates InteEFaRReC eﬂa‘@' faised,contagiS, "hayi ng
mul tigp| &3 4RYdiRG to tHOPEREntTRQentidist rate 100 may be integrated with a
package. Intergosers may be used in sonme cases. The substrate 100 typically
i ncl udes an underlying |layer 102. The underlying | ayer 102 includes a bond

pad 104 bEghN) BESCRIPHONDESPHR PRESENT MVENPISRUL Of a signal from an
active . ifve or passive. The bond pad
104 may be fornmed froman electrically conductive material having a
t hi cknes ected fro he range. Qf about 5 3 P14 12, 000.0
Angst r o_n@.oagLe el Ettﬁ? ?%{h‘*g}"%§ﬁgﬂt@i°\?eRﬁﬁFé$‘f'sa$‘gﬁ?ﬁ§’ Slur?(t,'l%s a'f%t al, such
as Alsum mufaridils, @hBAsions 04K protiesser) dee lsgt fugth iayrderl@provnidetzethooowgred wi t h
an insulator 103 _ _ L . .
understanding of the present invention. However, one skilled in the art will realize
that the invention may be practiced without these particular details. In other

instances, well-known semiconductor equipment and processes have not been

described in particular detail so as to avoid obscuring the present invention.

30 [0010] A device may be formed on a substrate by iteratively performing
some combination of unit processes such as doping, depositing, patterning, and
etching. During the fabrication of integrated circuits (ICs) on a chip or substrate,

transistors may be formed in semiconductor material and separated by an

2



formed froman electrically insulating material having a thickness sel ected
PhagdBPOT t he range of about 5, 000.0-24,000.0 Angstrons. The dielectric
constant (k) of an electrically insulating material my be determ ned using
capaci tance neasurenents on parallel plate electrical structures. The
electrically insulating material may include Silicon Oxide having k wth a

val ue of about 3.9-4.2. In one_enbodi nent, an undoped Silic | ass (USQ
may be erafrically inswatingmajgriah Tilte iansigters madéhgﬂ%&dﬁﬁﬁ?dgﬂﬁdv'ﬁh%%neters (nnj.

A tool t ' ' . ; X" "
Syst om ITEtoRRSR SR s STl B SFaElet el Contie A melerel S o
i nt er | ewephrated bithe elexyrizally diseilatingrmategrial.D) to separate the bond pad 104
f t | ectrical dugti v terjals that t inth
sane. or 10018 1 er riiohtdpacs fensfund it Vaiimriey PR Bbible, 10, "°
Excegsi \éﬁh@%ﬂé SNmRrd SUNERIeS CROYuItRASS hiy Be/wired duith 3-dimengiesalmay

degr ade t ormance of the devices in the underlying |ayer 102 to which
t he |i néntergannectsndbeskdimensional intaeopnpestsimay inyelver iaisads¢IHactsiofk er | i ne

capaci t anc ' - | q :

oo ot ane SUATAE TG Bt BEhia abSrbeRli o B rinify ralved

transi stgphtacts forsntdecomdiction betweerPSubstiatesi ng speeds. [0019] Interline
capacitance in the wiring of the ubshr&zil reduceg by using a

b
|l ow k mdP@1%h foSamee irepts 0?(?35" \tf\%e%f’oct%ﬁ@%élt%?f‘? PEXENY conductive

mat gpi al; I d Fladreag, i s | ower than the value of k
of glb| [ é@%e’{&wg?s gﬁfnjnﬁ%ﬂééﬁs\#ﬁ] dehsq gn rul es of about 180 nm Silicon

Oxi de 2900%3] be ddreembotimentnsa staicturer thakingidesa BwgF3S empe gl ass

FSG or Sj ing k wwth a val - E i l.i con
E)(i de p&‘?%étewm'ss%ﬂwb\n %Pﬂﬁ%ﬁt(ggsﬁieoagggtggg@gy2?%%raar ll gﬁrh?’g 1Sﬂj'rdél atively
st rai ghtth Yepitdnput 208igridiaoverd eistpaf ofka sign&SForns arbeindl pad ¢0eugh for devi ces
with small'er design rules so other |owk materials have tnge used. A lowk

di el ect raopneeied3o amactivecarea 94 4 devigg: iaramyrderlying layee1020kthey s, or a
hybri.d of anic and silicate materials, such as organosilicate glass
(OSé)r’ If"&blgﬁggaew(g‘e with design rules of about 130 nm Silicon Oxide may be
doped vvi[obﬂcs{qst hyl An Eiribodimentasf & structureP200BHBCTH dutes twoCatarconrsmed
Silicon Oxide (CDQ or . Si QC)  havi r}g K wi tg. a val ue ?]f ab.o;E. 2.4, BTﬁ'ﬁ [ 0021]
For a desHbstralas #1Q&R0accorling 1o fepEsen BVRRtion isesShondinkighre 43 They e

f ormed ot dhel Aol inERHBS At YieRCoditadt!2F10tok @Vfirkt sudstrate beghatief ers o a

value 50 that i ower than abou .2. For a device with design rules
of aboutinf&iconmebtedhta a sebond raigechoontabte22hfarlaasenondoRbstipte 820 JPANE from a

mat eri al havi.n i th a val ue QW .o rnj.a ' ultra-1ow
k a us?IHS?gr'”%cﬂlfotﬁ? 'Qﬁﬁdrf’é’fl#?%glqhfgrﬁ'i}gg'éﬁalﬁségn%%rtggéﬁs%% ﬂ°€5‘0ne cases,

the | ow&qip4l ftdrhf #bbAW padrElecdrivlectaryto Avdictive area ofsededicairbanrier |ayer to
prevent diffusion, interm xing, or 10 reaction with other materials. In one

enbodi newnderlyinglpyend02 af/the s te4d1%i | i con Nitride (SiN) or Silicon

Oxyni tri i ON), . ; ial .
[00o2] 81Tl i VAR5 EmbBARES ¥ A helfioy i TdmAhg Yalkbd cofitdcts MR €7 2
(CVD) pragrdaite A00 @dckrdivg # thel preserit invgntioe drersmewnuisifigutesll 48)g)enhanced

\%;5” %D (E&C}:/Pgurgrzc?%eggbsitrr\a% gl?)ssmgylt fhe uc% g @%?ngh'\gvgr?g %ﬂ%pﬁé Y:HE)% 5r ¥1Vi th a
chip having multiple die, or a die having multiple devices.
[0016] The substrate 100 may be integrated with a package. Interposers
may be used in some cases. The substrate 100 typically includes an underlying
layer 102. The underlying layer 102 includes a bond pad 104 that permits input of
30 a signal to or output of a signal from an active area of a device. The device may
be active or passive. The bond pad 104 may be formed from an electrically

conductive material having a thickness selected from the range of about 2,500.0-



of about 2.4-3.1 ) from Applied Materials, CORALTM (a CDO having k with a
pygdsgecof about 2.4-2.8) from Novellus Systens, and Flowfill (a CDO having k
with a value of about 2.5-2.8) from Tri kon Technol ogies. An ultra-Ilow k
material that may be formed using PECVD includes OrionTM (a CDO having k
with a value of about 20 2.0-2.2) from Tri kon Technol ogi es. A tool that may
be used to formthe lowk or ultra-low k material includes a Producer

system ﬂﬂcﬁﬁ%angéﬁom dhe glectrigalyreanductive materialingsinslddsra melelcTorT™
system f pe?ag(mﬁh\hmn?;%%%{_my al so be used. [0023] Alternatively, the
ma or

i nsul at 8 y be roma spin-on 25 dielectric (SOD). In sone
cases, {01800 may hleemderlqmghayelswmmarbeactbmed)mtlhaqminsulabw14)3rat erials
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aV| ng a val ue of about 2. from Honeywel | Electronic Materials
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t he 1gubsiesfreruléiOof disout %Uhdribn@é‘te@@fmb' pEBbI fhat e uded fﬁ form theat ure 99
is patterned in the photoresist 101 g exposure to radiation of the 5

appr opr iirgwatend08 ingjudesian Livva XY IfmAPEDG%Maé@”QJSe fol | oned by
Such a0 TOATLO o e HSUBRE 103 ey SRS fn TG BRel GofierRRE ditBRsD | o'

101 maskiumtotsepardie thé BbAd paterda fidm dtheloﬂemmeﬂyteﬁnducﬁ/benateaalsat or 103
by an etch process. The etch process @){ 10 formthe op 8 ‘%‘H _may i nclude
a pl asmgh %‘thﬁYMedU%%"th the ﬁ@'é‘@tq’r\)ﬁ diffpfent lene r%d%%es’sﬁ%r}B n R$beni ng 105

uncqyer 83)?eras 3 . FXRe&divd Eﬁp%%‘?\g@%@@én HEaFﬂiﬁelQ@t\’lbéWy édhdd&ﬁvé' nAdes! ying

| ayer 1 hown I'n an I ment 1n Figure The openi ng
105 may may Hegrade tbapecfodmance of theodevices methem@erlsmaﬂaw Z/ﬂoa/vhla trench

or a trepnch overlyin [ T n vertlcal

di nensi gﬁe I'B?s 35‘?)%‘(?1'}'9%:?6%\&&?8%?%%?& Bg”u%&i %Xﬁg@ﬁo}%dﬁ?}lﬁa and a | ateral

di Mensi Gapashaicedmag contiibute & clossgalkid inbrsdsehé Gesistantbgapdtitareds onal ity
is desired for the etch when the opening 105 has, an aspec¢t ratio (depth :
wi dt h) dRCamm@U@df'%fdlgrﬂf&%?faﬂpﬂogﬁ}@&%ﬂaﬁ%ﬁbusgea WG’ ty pl asne,
suc? tch dedg! Y- coupl ed Radi o Frequency (RF} plasma (1CP), nay be
use 20 [ 002 The etch to formthe opening 105 may be perforned with a
gas mi xt[0P#9] The dnterlinexcapasitange imthewisng® éh%ﬁvb@f@}as"oosm@hbas CF4) and a

pol ymeri zi E r source of
Eruor nd ool BYnehY e 8% it P eShelaR fREbsBesdng dickined
passi vatehdubtive hitavidls. SL(!W-ktrbeI'QltIEai\ﬂaﬂJel@B( that ||mhwehamtrmﬂalue ofk Ot her
igﬁzﬁfa: gﬁtsil@rh&%dgEgbéaelv%%ﬁ& gg's?gﬁ rl?les o??é out I g'(? nm Céthroer‘\t 8xi%]:.-:- the

25 may be doped with Fluorine to form a Fluorinated Silicate glass (FSG or SiOF),

having k with a value of about 3.3-3.7. FSG and Silicon Oxide possess many
similar properties so process integration is relatively straightforward.
[0020] The value of k of FSG is not low enough for devices with smaller
design rules so other low-k materials have to be used. A low-k dielectric may

30 include organic materials, silicate materials, or a hybrid of both organic and
silicate materials, such as organosilicate glass (OSG). For a device with design
rules of about 130 nm, Silicon Oxide may be doped with Methyl (-CH3) groups to



12,000.0 Angstrons per mnute. [0028] A tool that may be used to formthe
PosuBPOY 105 includes an Orega MORI TM' system from Tri kon Technol ogies. |If
desired, the etch of the insulator 103, the renoval of any underlying
barrier layer or etch stop layer, and 30 the strip of the photoresist 101
may be done sequentially in an integrated tool such as an Exel an system
from Lam Research or an eMaxTM' EnTekTM Centura system from Ap

| i ed
_Mat er i alferm @ CarbonagprdSiianpOxiden (& RO of SISCa bavipotkwith arvadue ﬁgﬁb%{lﬂtor 103
to a ph%ItE%%S'St 101 mask may be about 2:1 to 7:1. If etch selectivity of

the insurator 103 to the photoresist 101 mask is too |ow, an internediate
mask, cq002t] a haFdr arisvicewith designalledesf abetnO6 mn ftheiimsulatat 403 10ay and t he
phot oresi s

101. | f t. etch 5 dtot f
Ot P et bedarlied fiogh arte-k Sefatil banea i RdowHo Bl k referd T68 yalbd Coond”
featgre de'R thé‘ﬁshé\&é’r tﬁaﬁkabonhzrz %r%%‘é%%b iR eBIgPCRfes & btk F0hrhhe second

feature fromthe hard mask into the openi n& 10571 n the insulator 103. The
et ch seldewin toiaboubS0trime, thedosulator 1003nay bettermed froma natagialdwvingker t han

STan i it ValB R AboBL Er M ia il 15 e OBl KBl ol b RRurabzy be
used. [Qﬁ@yoinclddetétﬁo?élgfhrﬁalérégelsl Inysamhe ichees, rthe llaw-krorifPadew khe underlying
bond pad 104 js too [ow, a bur

h ES b | uded
bet ween HENBURAY feqHicoiheine ?ﬂ%g?ﬁtﬁiﬂ%fe%% g@' n}méfﬁéf HBB %gﬁfumﬁy
' nclwde rec‘é@ﬂlcﬁf with btrfé?rr‘néténgﬁr i Qﬁ‘e eritedimERRV&Ipping Hyéla%uéh |ésVS|h<|Ebn?l val ue

Is relatively so an alternative material, such as
BLOkTM letmeA(ﬁpJﬂ) @rdSINﬁ@@QXan%ﬂd%(ﬁl@@')a”@thWr@edeﬁ\@éﬂlﬁ lowpls@r Ultras- 5. 0, may
be used \& rﬂgt%l f"d an etch stop layer having a k with an even | ower val ue
may be L!I% (5( 2hi mi ze the capaci tance of the overall dielectric stack

st ruct ufeo2Zn exafTWeenswathDSIMBEsyBbemed HEivigvéncleémivas vapde diposttiom a val ue

f about 2. W t th d | 120
o the. dGHRIETeReSEa IO b mAeAAl halBay bedonagd HelRELBIEaMASHINES: ( ho.

| nsykat vaéQﬁEwb) Jhecé%sdmeluﬂbazmbamrarﬂ&?d*w Do AR R wigs varé 104. For
exanpl e, the hig fusivity of Copper and_t Cpresence of mdyéap states

in Coppef almutaZd »4) frpmAQBIlechM@ter@is Q@B&Jgﬁ@ R havingske witt@oyrRlke nay
CartVor byl 3297 oR Abydlh SRR R cBRnpR oA | 2
barri er vadyeeof dkidiiti2s5-2d8)rfeain dvikontTeshnalogiest dm Wa-lewdk materiadthadermyng 105.
e oS REES PR PO eSS R PV B AR ©
covepage ) frérhi ThkoAMTbchnbigiss. o firitinigy BO tsed fto farrethedewsk ot he
t hi ckness of the barrier |ayer 115|nS|deth openi n b i fferent from
Lhe t hi citiedaw BmawgabRpkider a Rishicen svtled] e AP ISEMElsyas. A
SEQUEL Express™ system or a VECTOR™ system from Novellus Systems may
also be used. '
[0023] Alternatively, the insulator 103 may be formed from a spin-on
25 dielectric (SOD). In some cases, the SOD may require the use of an adhesion
layer. Low-k materials that may be formed using a spin-on process from a liquid
source include SiLK™ (an aromatic hydrocarbon polymer having k with a value of
about 2.65) from Dow Chemical and HOSP™ (a hybrid organic-siloxane polymer
or OSG having k with a value of about 2.5) from Honeywell Electronic Materials
30 (HEM). An ultra-low k material that may be spun-on includes NANOGLASS® (a
porous Silica having k with a value of about 1.3-2.2) from HEM. A tool that may
be used to form the low-k or ultra-low k material includes a spin track from Tokyo
Electron Ltd. (TEL).



P140s5PCT [0033] The barrier layer 115 should effectively block diffusion
Pi408AP€he seed | ayer 120 or a conductor 130 into the insulator 103 or
underlying | ayer 102. Serving as an underlayer or liner, the barrier |ayer
115 shoul d be capabl e of good adhesion to the seed | ayer 120, the conductor
130, the insulator 103, and the 5 underlying layer 102, including the bond

d 104 , Ah ' l 115 shoul.d al h ni mal .
Poter ac IoSHAT" e Aok B deriied P ot Bocsrin el maedl Faiel MdRresit seed
| ayer 14@q gpﬁﬁgﬂmgé%@?%é@[m@%a otch8sist 901 i 'Spplicdcaverithe | ayer

102, includi'ng't 4.710034J The barrier l'ayer 115 may be forned
from a instudator 103 ofithensubstrate 100 As shownrieiaalembediment inMBigurenta), /) , or an

| 1 oy, h Ti t ani T { Ti. W, ] h
Tant ai uipRers P patagen 1 e ilotsstianrty SRt g th g um i ¢ de
(Ti Np, @Epidmmé wavbiehgtifiand Wbke, ddMdalildted bya refitledionewed byhe barrier
| ayer 115 may include a | ower | ayer of TaN to adhere to the underlying
i nsul at §evelopmand taforapihermask.chheexpasure Mmay beidepe in 8n iMagdiegdeelyi ng seed

| ayer 1 ' have a total thickness of about 150.0-350.0
Sfch ?g%%t?padellg ﬁry &Sciier

Angstrons. directionality is desired for the deposition of the
barrier [0628]r 115 Thedpatur@8byin i photoeesistetlinmask ndthearbeatsprsferredt i o

depth : width f t 6:1 ter. The techni [ i zed. physi I
Capor "aasban oo 1858 s sl RLRY n Hih SFERRS SHie Sl ABREG D™ o2
COV@haggodnh e E?é&ﬁﬁ%tﬂgﬁﬂ}@?@déﬂﬁfhsﬁ% Eh! froBedO8r & PelidtREiiG efth

| ong-throw sputtering (LTS tool that may be used for I|-PVD include an
| NOVATMpsgeassiiRIEp heoopgning 16§ smeaversa mirgian of ke bend pach 104 afdhe

Technol ogi es,. and an Entron s em from U vac Tec | oQi &S, 03¢] In
certai nO%é{'fgé?%ée Hﬂaaﬁ@'aﬁi gaﬁ'ﬁ’f)cﬁé\/ff fk&@% aﬁre&%%dgﬁ\%ggﬁbg@ggaség' to form
the barjogze) ayer Thb?opeﬂmgswosmaﬁﬁ&mdu%eg\épk d6/vda fremche ostidi®ssuehposed
surfaces of the opening 105, rather than in the gas phase as in CVD, so

cover agdsi&Vigsa lenghgebd trench gyerlying@ Viay T opering s mexbeve @cl udes a
NEXWsTM ' I [
$57 1 YRHR S Bimeiont W6 ot raf g8t fparl bl 0 WACAR WK afye 5 P ' '

| ayer omc layer 30 deposition
t hi ckneslimehsiahpsuichl8® alviding of tessthamn abest0.1§ wheskHighdirettibnality isor ovi de good
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about 6:1 or greater. in one embodiment, a high density plasma, such as an
inductively-coupled Radio Frequency (RF) plasma (ICP), may be used.

20 [0027] The etch to form the opening 105 may be performed with a gas
mixture. The gas mixture may include an etching gas, such as CF4, and a
polymerizing gas, such as CH.F,. The etching gas is the principal source of
Fluorine for etching the insulator 103 while the polymerizing gas passivates the
sidewalls of the opening 105 to improve selectivity. Other gases that may be used

25 include CHFsand CsFs. The etch rate of the insulator 103 may be about 1,500.0-
12,000.0 Angstroms per minuté.

[0028] A tool that may be used to form the opening 105 includes an
Omega® MORI™ system from Trikon Technologies. If desired, the etch of the
insulator 103, the removal of any underlying barrier layer or etch stop layer, and

30 the strip of the photoresist 101 may be done sequentially in an integrated tool
such as an Exelan® system from Lam Research or an eMax™ EnTek™

Centura® system from Applied Materials.



P14085PCT Centigrade. A tool that may be used for ALD includes a NEXUSTM
P44086RET f r om Veeco I nstrunents or a LYNX2 or LYNX3TM system from Genus.

[ 0039] When the conductor 130 is to be forned by electroplating, a seed

| ayer 120 is first formed over the barrier |layer 115, as shown in an
enbodinment in 5 Figure 1 (c). In order to serve as a base for

conti nubd@de; 1 RBerieh sePtRays tnucugi I Prt@iapsERAN B oo 120

or integ i i M { o3 U nt ed.
C0040] P bEabER BT U BchRRIRARTY OF theaMSUialdr 10T Eép'fg?}d;%ﬁ’fean 10

al | oy. TBé rasidisltag dow,120intempiediateymasis callediacharddsasicineay bel ingluded range
of abou 0.0-2,500.0 Angst ropg. [,0041] . seed layver 120. e deposited
by |- PVBe %%é%ﬂﬁ%'am{gﬂ’iﬂ@%ﬂl@?ﬁs'%gﬁE“?‘b"ho CEE%saeH%Z#{?% formed by
el ecsr O?lr@éés'ggs ukéd 48 Fah8@r atfl¥st feature ®9 thayrpattbenédih theeplirerésistyer 120
may be sequentially deposited under 15 vacuumin a tool such as an Endura

El ect r a10M dptot @ sedanshieayreiie thevhaest mask. Theyp spseogndreteh dreeqssuct or 130 i s

to be sybseguently forped PV el nerdd d surface
char act &3N§ rﬁ&%@c%ﬁ%@ﬁ&é\f@ﬁ?@)ﬁ%{éﬁ'@gﬁhﬁét@é oﬁéﬁlﬂgfﬂﬁé tgged | ayer 120
i's for mpshuiston 308 VThe &lth setgctivitp vf theldSuiator H03© the Haod vakkwinalp bal.D or

el ectrol ess plating. 20 [0043] A conductor 130, is forped over the seed

| ayer 1dighesshamabput 20:AnAdvasd maskRropessEngyreclyde gmaterial supiiae o 130

i nckyde (AR &1 ) ngﬁd I ' ' r 120 and
t hehgon?f&:%t'grﬂ' ﬁlgﬁéﬁgy e 'T%WE\????%&?M%”%%H@%?ngg‘ra%ﬁ ??né)g?‘?f erent
mat er i alusedThe conductor 130 should fill the opening 105 fromthe bottom
up. We letely,filled, the o LR I - cts,
stch as ORI, ©seiffee e ety RaRedrfelps 18 3y 4 ndBhiEbGnd BB

i nterf aqiodlis &&@W,%bﬁﬁé&efch%té@@fith@ér ARy bingludedeawerr theBond 0044]

The conductor 130 may include a netal, such as Copper, or an _alloy.

|
The- condaet M arxdh theipsulaten1 03 d he etph staplayepmaytiglude SN or Siligen Advant ages
f : i R i ; N A, ,
o T8PP HarbREEICH Hbvelet, SN FATLIKVi Ao 51 BhichnS réiaffeig BGHICT v Y

i
| ower susce 0 electromgration, arj openi ng
105 t hatsoharsakernatiyesotateridlj sudhhas BhOk™ ot Appliéd Maderials having ayk avither .

D sadvant ages of, Co r. conpared w i,num i, nc | Fifd. € of
et chi ng ‘W"ﬁﬂe Q?QP%UIS‘?S'C%QS%LE’I% sreél[oi?flﬁl#fgpogegk‘gbgggﬁ?%arn@%%éh
Si ffugi gﬂtﬂéﬁ @lvélﬁltlo‘iilérihm_e nfléy bePA<EBioRAnimiAhE ch?cnthME dv@falimy be
or nme / an el ectrochem cal process, c ctr ng.
El ect r opsliglertig sAck HEIC e A BraMAIS '?r!i@é‘tﬁe Bﬁ%"?"]‘ oﬁ'ﬁﬂhﬁ&kﬁﬁ’hﬁg‘tr@%ﬁ kg
sol yhi onyigPLaive Fadome e@f the material to be deposited. The seed |ayer
1207acts as a negative el ectrode of an el ectrochenical cell. Electroplating

may be 40031} i ed Mbhen certhin metarialareussafos theseedilayvecdRP @fthe a const ant

R R e T A e CH

on, posithé \adeyingildydr102¢irnidiogtias boved padl 10BoFocexdmple, td highl ect r ons
produced at the surface of the seed I%e& 120, . The jons are tth')s chem cally
r educed didusiyibhel Geprar anst thetriesance 9 gap staigs B\ ePPpeldnake d harfier 120. A

t 0olyget h é’p&ﬂ% r%ﬁ?él ' i M system
fror%sApg%Y ed "?%(lﬁ%g?g Qgh@kﬁ%%_ e"cr'?g%P Fﬂsuget?ttgﬁqlﬁlgﬁﬁr\gsgbﬁus Syst ens,
and a Parraigpolyif layert H02 and degiEdetbelcanfi@lfeimewt aceniconddeior materiali ng of
t he conducboar(;d%.fgo may require the use of various additives that are surface
active. SHG HIE?es to the el ectroplating 15 solution are usually organic

and rray_[bost]sde f BRI IyedMABNS fefmertbattheindlatopded anddntiest filling of
an opening 105 having a |large aspect ratio nmay require the proper bal ance

of i nhi epenirg 188pFhedasiien layerd! HE maydiaven thicknespselacied frep Hei ng
| UL . | . _ ;
¢ 0n R0k B altbBEs0 DD AngBEsE Tn¥ ety 8etcTs 6l bRowae gBBY TOr
coverage both inside and outside the opening 105. In some cases, the thickness

of the barrier layer 115 inside the opening may be different from the thickness of

the barrier layer 115 outside the opening.
7



20 Good thickness uniformty from substrate-to-substrate and snooth surface
PA#GBSBAT of t he conductor 130 nmay al so require the use of |evelers and
brighteners in the electroplating solution. [0047] The concentrations of
various ions, such as Copper, Chloride, and Hydrogen, in the electroplating
sol ution may be adjusted |n response' to the 25 nonitoring of paraneters,

h d h bl.e f th
olect roBONI T c o Thethanter Byes 115 oBo0d atBRel Bk igor Eoa M 8RS tmy
be used éybrmweﬁ SR ESFIN it tHeOMs Alatd MR PEdinderfn Plﬁyélhm?' ectropl ating

solution.” [0048] In other enbodi nents, the conductor I30"may be forned with
a 30 Pv@qmwog@@gmun@ertaybrpr tivers the bamreriam 1btshoutd e capablemhgngdt he seed

I 120, A P\VD t
whon 11 FRPRGCROSE ARG 1k 125Me SURERRS LY o B Gt B8 Gk Yot
aboug 6uhd@ﬂ%|ﬁgﬁf@}é?r102| fhchftliRg BRSB6Rd palyd0MDHOWe eF thabyrdrigydrettgsed. 10
P14085PCT [0049] During or after formation of the conductor 130, a

t r eat mershokishalpe have minnatdateractivar suehips shepisal oe slesiroshemicat

h t f t 130
char ot SERSLE unk Ml YHISHAL i Gondlifod 18 e Houlot a SRt 0T 130

or stabldndeﬂyhbeamramz mcmmgthehbompdddmr 130. 5 Copper that has been
forned bé electro atin have a rai,qr Si eof about. 0 1.0 mllineter

403 ng o hﬁﬂ@r?ﬂi lakaedts fERA s'"CMH‘Qaﬁneal
Con%t' Wftactivel AERE's aasrrrémém @Té)h%r sﬁ%ﬁhegtgfchlssOTmaH Tukgytegsponds to
a lower resistivity. For exa have a resistivity of about
1. 0- 4. O(HHW) ©®F GheRrane, mmeheas IdA(TaNt,e'Eartt@lutraStllcpletrw@ substrate
100 may r 2 n O to forma plug 135,
foll oweﬁg eﬁ%’%pﬁ‘gﬂl ﬁ'&l%ttﬂ%fgé?g‘t&gg% e plug 135. A

chem cal[eow]hanl Ch onelensldmdimeh% barrerdayer M5 may ¢aciider adower lageon
(mechani cal forces) and dissol ution Ea(t:hem cal or elect rocgzm cal

r eact i oty aN"R2adhiere fe the uederinginsniaton Ehand 28 upper (AYeEOEJ@ 195 di f f er ent
| d
WECEE M A A et

CIVP syst@r@oﬂhéﬁﬂﬂ#ﬂﬁﬂw@%gsﬁdmhe pl aten are m)ved t he pad may apply
mechani orces t.q the c cto on,th str e _notion of
'he headdtatlt he  shehPRaiTRN,fdlestad i e Harb G dt e bPtier JfVercy | Phear
Al t er nati16ek¥pedifify WREN lfﬁ’é’ob@mﬁg\fl% dst dn BEpERGhtid Pdéﬂlﬁ IWl@th?Bf abowth as
WlthapO|IShIn bel t . Aslurr@ima be di spensed on the pr oduce

cheni cal6:} S58iealRk ThetRchmigue oh innizest PW%NaPﬁ"ed%MﬁtﬂQ"h{)ép q@bca’Abr asi ves

in e ngw[:r{ 130 on the
sub?tbrat gﬂ)%%aﬁﬁ&ceg#ﬁfﬁ,ﬁ@&@gérw h thgéépa{jh%rng(gﬁf%%gg %'F%g se e%gtl vity of a
CMVP pr ocedination sputteding ardengsthrowaapgittegng KeTHh 1A tool that esay be uded far ent

o he iyRAGd B8 ISOVAM ST 8% bR SistRiner BIGIA el 0P 11 00
e Chem e Tomos 1o L AL e SR T SBR[k,
Zﬁr gs. veloa{mnt ."P ysfn sedainpasssya "gﬁakma@'cs@b @ﬂ@&hmﬁﬁs mamg’et he

par gget %%d% f&ﬂ?ﬁtﬂ@h%ﬁi&r H"TS(‘FHE rédur deRNiR MOCVDS FsW bR tRE t he

carrier relative to [ i near ve OCIty of the carrier relative to
t he pl atexposed surfgcés omhatcmermgﬁ@s aatherttbamp & theugas) phdse as iPIGUB5BCT [ 0053]

The critical ocess [ ame r he poli sh
fomoval PYPIaRE ERENEEPATIA Bl ity B SR SRERDCIEPelet Aos S he
substratnEngTwsyﬂeﬁpﬁbﬁwe@@@rmmmgrﬁs The process paraneters nmay then be
controlled adjustln e related equi pnent parameters with appropriate 5
act uat or[@03 ﬂﬂe g'émlmlye batriendryes 1a§rmawged‘ﬁtmed MBEIOAIPAYE RYEbnput er |
and ,gn

proééss%%?ggﬁﬁh.<"\ﬂbﬁm‘ﬁ SRS oot 9668 AIMTGE Res e abifedre

f eedf or wislcldl can prexddé gokd step cmerage agd geedasnifoomdy even Ivé‘ntbcpdrmﬂlng cont rol

i ch mdBoRBgY =R tenchisenipiiberuce RabGHRITH40RIRBoar a Tn i 11,

and in real tine depends on the |evel of cost-of-ownership (Co0O) that is
acceptable. As desired, a netrology tool may be integrated with a CW tool.
For exanple, the optical consequences8of dishing and erosion may be
measured with a tool) including a NovaScan system from Nova Measuring 15

I nstrunents or a NanoSpec system from NanoMetrics. [0055] A stand-al one
tool used for CWMP includes a Mrra systemfrom Applied Mterials.
Alternatlvely an integrated tool such as a Mrra Mesa T"" or a
ReerX|onT systen1fron1AppIied Materials or a TeresT"" system from Lam

~




20 process steps, such as a pre-clean and a post-clean to result in dry
Pi4088PGT out of the substrate 100. Consunmabl es for CWP, including pads and
slurries, may be obtained fromvarious sources, such as Rodel and Cabot.

[ 0056] According to an enbodi nent of the present invention, a conbination
of a first CWP process and a second CVWP process may be used to forma

pranari SangfRdh (o8 e BARH Thf ot A0 S NRAURE BRI [ Gos7)
The fir steecMnsti@fients drasL ANKR@ oMoV NXB ™ &)t froryGémiis.t he conductor 130
relative to the underlying barrier |ayer 115. Thus, the first CMP process

may remi@@38he coM¥oen e daBlusterck’d isite befpaned by eledrapifings@siged t he upper
30 surf Tﬁsf(ééglgﬁf%fgr%?&r#&f B{I%Q%%ﬁ@erﬁéger Pi5 S3WMBWIndh %@gg{o Gip! N

Fi gure arrier serve as a polis ayer since
t he Sondigine 1 {(S0in erdes takewesas & base forpelecisdplating thageed ilager A20s

e o iy
rose . : +IS. 0S¢ B
sel ec e%dh%smqeggbfﬁié é%iel?i |9yerppio abrm;ﬁ%ur égty?ﬁwrmm@bsﬁ;&wgw

relative to the rrier layer 115. olis electivity o conduct or
130 to tINé dhauid ke prewemted.15 nay have an average val ue of about 50: 1-250: 1.

A hi gh i sh tivit th i a thi 5 barrier |
115, A I0ARIC;  han hB oot doter VUK Ry nSd rieteh SyebrHb GepbRner Bice | n t he
reshgt agRsy beje\e&dY idyer 120 &y dicdly s Afflckreds senityed ﬁbgﬁ%n%’@ﬁ%odt“ one

enbodi nent; the slurry may 1 nclude an abrasive, suc umna or Silica,
an oxi di2fdl-2,500ch Aagstgmsogen Per oxi de (H202), a passivating or

filmform agentr ( CQrragsi el U o] o) S n l; 1A, and
2 10 colfh Bl no ag LRI BleV He idposh U By PR RS M L) - 7

or gani c conddétoni 80 sy &1 sensulbsejuently fdrimiedbpeledtroplatingi Hide€iréd ahe. [ 0060]

Typi cal paraneters for the first ocess to rﬁ'l anarize the conductor 130

C\vP
i ncl ude PAMgTURYST 149 #nd Hisotredslayentep PYche,pPge illy deposiechyodrr
1004 '%Qc@u@‘g‘h Il b} &iich #8hn Erjddr&® Eﬁe&?é““%lj/s{é?ﬁ%n?ﬂpﬁfi @W%r%&l - 0-100.0
revol utions per mnute (rpm, a carrier rotation of about . 0-100.0

rpm an@0@42jol i shVihers the eorwduckirdl B0 is.t0 be. subsequelstiypformedlayr BVDnch (psi).
The rempval rate.for the conductor 130 .he about 1,000.Q-14,000.0

Aot T omeRee bt Bhobdieg 319 Hils3Fe ritraGmistEs RLbe 2R Ve 10 or rror e
steps. IcBn80Etor 1RO tHE FeeddaydrM0 is f&iPned 88ihg VD hTBd eeed RiyRy Al20r at e, may
be used to renove 20 nost of the overburden of the conductor 130. The first

step maynPealgobieformpd Wit AR angleqiwlessplatng.ed by in situ nonitoring of a
par t uch a | FUSSB S e havi ng a
IowggEr ?r%t I rat(?,éé;Huc as é’gésuﬁqql?égocdgeé?% g%%&%}xﬁggté’rﬁgngﬁ%vz&ﬁ%aﬂute, may
be used embadiment ineigtive d {d).orhel Ganductontil/mcludes aumatariad thdtdse 108 of t he
barrier layer ,115 w t hout_ breaking t ugh,25 to.the [nsul ator. 103.. The

second SRRy GnaLEl e HaUATer TR S8R 45 poa el 498 el 5 M0t men
the secgiph HePariBimatefibHEISreh dINEreRPhialéridls TEheEorduciyiet IP5hald Bifr cent age,
such as 15.0% after detection of endpoint on the barrier layer 115. If

desi r ed the apenisg 95 gmiibe hotermup ANbepacmmleishatiled, $ie operingd98r at e OVP
ovsa8m, sHBy ARt BSual, ALt Bl int I SRR, RaEPER |
wi | | | ezoadbetor 180 @r tedadidbreatibn withithe eeediayer120dshguidbe préeerdeeni ng
105, as [88&%“ 'n %eecm%%lctrg%thl rP\ay include a metal, such as Copper, or an

alloy. The conductor 130 typically has a thickness of about 0.2-2.8 um.

Advantages of Copper compared with Aluminum include higher intrinsic

30 conductivity, lower susceptibility to electromigration, and better filling of an

opening 105 that has an aspect ratio (height : width) of about 3:1 or greater.

Disadvantages of Copper compared with Aluminum include difficulty of etching

with a RIE process, vulnerability to corrosion, and a high diffusion rate in Silicon.
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Figure 1 (e). The plug includes conductor 130, seed |layer 120, and barrier
Pl40pePCT3  P14085PCT 115. The shape of the plug 135 is influenced by the
shape of the opening 105. For exanple, the plug 135 may be a post or a stud
if the opening 105 is a via. The plug 135 may be a line if the opening 105
Is a trench. [0063] An undesirable topographical change that may result

depr ess A1 ¢ pe TH BPAGERT 128 o Betbtniis bY Rafe o e HPR e ol vg
135 (i nglLiéle ak kectRpi tn‘%SEﬁ@trd tﬁfglonhé@ohb@ctémswww effotthed i a103

(outside the opening 64] Di shing may be nore severe for a plug 135
with a bathyera lsgwpmcoatamngu@ns ofthgpeatedpt ionbe depesitest Theeserdrlayercvp

process I f | ug t hat

P apor A0 AL ety letirol i SPRoctabatilly EREbo hAELRL. T, <

{8%255] liérrtédaéuthngw@eelngiempemca caussgahmml rehrn aaoﬁﬂtbmivalmye bnlvEn%atuee lh(e).
not her undesirabl e t opographica ange, t hat sult fromthe

first CWVSP%B@S‘?Z} %’e@FBEYBF?&ﬁ Ré”%‘ﬂéﬂ the t ﬂw kpggs §E§i‘é%?ﬁet ween pl ugs

Wi thin r&p':erﬁéélﬂ{a‘%ré’ﬂeé?é@wvﬁéﬁ cRfreRt i4a8rmed & 'pﬁ%lﬂv% lbﬁ§|rfrﬁfee“ al in the

field re% on far away fromthe cluster or array | ugs. Erosion

createse ca@pleé@glsamthm eamebispadthselpetrors:prosiuggd a@\ith ﬁllﬂfﬁafteh@f thewsgedr or
o Lot r e I20° b Sork a6t cBbmi il Pl il IR 1M BBe | 0T UL GE ¢ e

bar 10 er cbagectod 130 ovet the stzaciagedf20/etod! tieatphasgbe ussd 26r eleeasplatieg e t he
barrier layer 115 has been renmoved, erosiqn may further result in renoval

of sone"tﬁ*UQQ’FeafﬂJE!Pé%tﬂaﬁH $Y§§ﬁm6ffqm Weﬂrﬂ\ﬂ@tﬁea@pa%ﬂ%{“\‘/ﬂﬂp kil pl ugs.
[ 0066] EP oRIu! %eéﬁ‘d quarﬁg éy% rfr 'SeMrYopavi ng
acked p: u tem et we

densel y gs Wt 1 'spaces plugs. Proper
opti m z§0046] of t Buctessiul ebdstroplatingef ﬂmeldonnluniqmﬁﬁ ray retiifectherse bet ween

el st or Obpero i GaqhuesyaFbli afiace witbe, IRBFGRRELIETHE RAtBPBInLT < e (e

cl user solutiohramy usddllybrgahicgend friayGridiudé fenctioneal grioups ofBalfar ocess has been
done, a second CMP process is used tg_renpve the barrier |ayer 115 outside

. the operN'W@quD@Q{FRPt filipgof anRPaning 185 baving 3 large aepesidatio MaYegHireos bel ow
the uppere Bgﬁﬂe"f‘%ﬁla*&% d?flnrglﬁﬁorﬁl(HGpﬁ@s%o'ﬁ afd a%Eé’lVé’thbfé iAfthgnbodi ment i n

Figure 1 I n one enbo |er l'ayer 115 may al so be renpved
froma plﬁqtnoolatmg sofiion. Qihenvise,alefedts, wqigas_.wds;meams and cracks,

may form within the conductor 130 and be uncovered later during planarization.
20 Good thickness uniformity from substrate-to-substrate and smooth surface finish
of the conductor 130 may also require the use of levelers and brighteners in the
electroplating solution.
[0047] The concentrations of various ions, such as Copper, Chioride, and
Hydrogen, in the electroplating solution may be adjusted in response to the
25 monitoring of parameters, such as pH, conductivity, and the absorbance in the
visible portion of the electromagnetic spectrum. Cyclic Voltammetric Stripping
(CVS) analysis may be used to measure the concentration of the additives in the
electroplating solution.
[0048] In other embodiments, the conductor 130 may be formed with a
30 PVD process or a CVD process, sometimes without first forming the seed layer
120. A PVD process or a CVD process may be particularly advantageous when
filling an opening 105 that has an aspect ratio (height : width) of about 6:1 or
greater. In some cases, a MOCVD process may also be used.
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P14085PCT (0068] An enbodi ment of a structure 1000 according to the present
Pi408eR€T on is al so shown in Figure 1 (g). The structure 1000 includes a plug
135 for a substrate 100. In one enbodinment, the plug 135 nay forma raised
contact to permt input of a signal to, or output of a signal from a bond

pad 104 5 connected to an active area of a device in an underlying Iayer

aceonp! 186481 "1 o1 Blybing & ater Sermagiorsptthé SpBufie A% g FeBf SRR 85 and ¢ he
: 223: gt gjr%eéggnfdﬂn?trhéﬂ%nhp Hﬁ%nf&%ﬁcejﬁﬁraﬁbﬁsm@'df&he%@h@@étbr/ﬂw of the

he conductor 130 10 nmay have an average val ue of about
5:1 or Jrheatt&aimenhobﬂie arisitigtare 30, maviencjtuqlﬁe ayapighthemaal aimegh(RbAasi ve) such

i oxi BEoRARSRY SBPBsTOh IS o er sHSuAe e GAl 128 UFfHe Bt NATRN U
Aci db Poispper dtiHasaien 10FmBa dYaslectroplatity thayriveal gmme|zervfflabdaﬂ A

rel ativel¥_ﬂsoft pad is used to mninm ze the renpval of th condu or 130

and to Ds14@mdlimetardmiel dependingsm thertbickaess, WQF“"PV[SEOB tioggraMbt ers for

t he sec | rap pH of
about 6%&5*?%% u?‘r%@#%@% éiéc])?] tgg?&nﬁ%{'&rg_@gé%ﬁéh*’n%l ﬁdgrss%per
m nut e, aalowleat&lstlvuyaﬁ:omxanﬁplebﬁoppér Mg havergresisdivity of abtputrb()a!tﬁ)on of

about 5.0-85.0 r%r l{rﬂegd a polish pressure of about 1.0-7.0 psi. The 20
| i near \F‘%‘PEH:P'PR/" bl aten may be about 20.0-350.0 feet per nminute. In

one1gmbqgosE! | th@raﬁé&édﬁta&faﬁmeb@m%wo@n#b@mm blafnlanzihgssure

may be gbout psi, and the |inear velocity of the aten _nmay.
about 20hecgn¢u@ormtq)twm ﬁluge135M@HpW%bYﬁ%@ﬁsétftﬂrth%&sq'@tofdpﬁed from a

I k t f t
ok T Sk DG PR AR BE R RATEN ok pin 1 2ot v
sonme Cambmé‘@abmwid(n@dhawmGaSesr)aancbdls’soluhoméchetmlcal @ost - cl ean, such as

a SCI’Ub in a non- xi di zi n envi ronnent r anl C cid or organl C
aci d bufelestrochemical reactions ﬁ?&b?éﬁ"'m' ?Fm%%“ gﬂt’eﬁe‘b‘ 6.0. [0072]

I n agot hﬁﬁer%ﬁpﬁﬁ‘téﬁﬁlé of the present invention, the |nsul ator 103 as 30
shown in Figure f), instead of the barrier Iayer 115 as shown in Figure

1 (e), rf095%krve eT tmstraseﬂe(’may @@/aeldmemcaryehgtt@hﬁd@ dheadof 2e t he
duct d
G r et 1 VB Sstein: RS may fe habiiSo «J di8bie ot bR Bf i (P JIRei? T Fcesse

chem st-r'ywhendhé heag@nidthe platen Btd&&ﬂéﬁ]’ ttm)pahl mayrap;ﬂylmqnaaarmi fareesray have
to be optimzed,to a 'ev t he Sir | ish,.sel | Vi nd polish
r emoval tPéF%@"‘[“(’fé?Bf%’ %EHQ%\’ ﬁ& Q%&m?“%n Pﬁ&? acﬁir g’erray be about
30020- 2 rﬁ@@or@oﬂ?ﬁ%léfé’ﬁﬁnﬂ?be%fﬂﬁ%rbﬂalﬁ BElihdd Altéﬁ@ltl()élyfﬂfe adhalysem t he
cluster or arr% 137 of The interior upper ur%@:e 110 of t he

y

i nsul at JNOYEBW e%nerqté@thq]plﬁ rbﬁycf'%ﬁﬁ“ﬂhé p@J&?@PQ@Pﬁ MMy RE 112 of
agﬁ 'Opsllot,# eéxc&e gk?é'drr feo?tSroEiﬁ é’rcﬁe a?réé’&ﬁ:hb%tﬁ"fhte%d?\d%cfarq%bedn or array

ers catlon outside the cluster or array
137 of ﬂhuwbsiratermm. Alnasises tMelmw may aJwappMméelmM&JGomlestto&he

| neul at crorbstor 190 Ao suksbate T8 FenPnetiPRbty MOBSE th the second cvp
Prog&sss [68%2] The selectivity of a CMP process may be adjusted by changing the
polish rates for different materials. Polish selectivity may be optimized by
changing the properties of the polish pad (such as hardness, stiffness,
abrasiveness, porosity, and layout of grooves or channels), the properties of the
polish slurry (such as chemical composition, chemical concentration, pH, abrasive
30 type, abrasive quantity, and abrasive particle size distribution), and the
parameters of the polish system (such as down force or pressure of the carrier
relative to the platen, linear velocity of the carrier relative to the platen, slurry

flowrate, and platen temperature).
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reduce the thickness of the conductor 130. The difference in hei ght bet ween
PA#BBSPET st pol i shed upper surface 107 of the plug and the second polished
upper surface 109 of the plug 135 corresponds to conductor 130 thinning.
Conduct or 130 thinning should be avoi ded except to the extent needed to
pl anari ze the 15 upper surface 107 of the plugs in the cluster or array 137

i i ngo9 e c TSR 3tel Bt B o NPT BBCERE Grithidd Bl a5
above t pglish sethavalratedand Heepcﬂishgsd@dtivﬁ? rhay besmbhmrea‘ramwﬁhepr otrusion of
t he second polished upper surface 109 _of the plug 135 relative to the

i nt er i osubpisete HIG Witk @appnaprigte seesars. Tmemeés pﬁb@neteﬁ@aaﬂheﬂéﬁrs to a
| ocat ht 124 th
et *SpP e ol gk BRS nleidbbrbhdifed nfetEters I BRERRIBET: he L7ug™

anount pr the sacond upper sur of the plug
135 bel actuaiontsoThbé:Mi?tsystem mqumclus!eraf emﬁrdllﬁmitpmctumg a:whmmer a04d.

Exterior refers to | ocation,outside the cl er, or 1370 pl ugs.
The 11 ol REGPER TiaReemecs pReted dhsect ot canifahel R e MBIToeess 2y "t rom t he
25 cl usteguipthenrthay béIripRimehtedsA ch‘éédQ)sbS%éﬁinV@fve'fée@f@ﬂNéﬂd‘ érer ence

bet ween the step height 124 and the relief 122 0076] The plug relief

122 and @@@bwé&rﬁr@i gsing one Wﬂpomfégeéeuwnwoatrohmﬁ adsy Prapgstional,

i ncl udi o] ern density (the spacing between plugs within each
cluster r&g'rférgﬁtrugyﬁﬁ‘@é%%F pl ugs} and the gl obal pattern density (the 30

spadOng [0@%4§cen sé’;bmreaﬁmtdbuﬂtiem metmlwgyfmya AP prbce‘ssj'mpermrm inhe

bst 100 | bet
ol ugs. 14Be1aboid 48 sREehikior ealBEe dsberfE oh thg Tefe! R OB ARG ABs0 and
pr 0dUC€5{C60§Wﬁét'l@"acééptﬁbree!A'sQfesiraa am&?dbgﬂw mawq)é mte@fatécm.tﬁrad the step

hei ght 124 be measured and visualized wth an atom c force m croscope
(AFM orCMPHPQ'hFPéQ&'HNe@ thesopfics Ppﬁﬁ%‘ll@m@ﬁlﬂbﬁlsmg 8ad erasiem may ke

nom na) Megsured WihRdd ARRINARGR NBFASLAT Sistem RmiboltPtastfS] T0e
aboabd 3®mstmreemmrca NageSpen@ smerrefroneNamMaHIcsval ue for the step hei ght
124 may el ect ed m,t he, r 0 Angstrons. In 10
one o058 ot A atahARIRE 10T 188 for SRR hattiRs & Mot R he about
700. 0 2 AHMledNgaterialss Altefriativel rﬂlﬁlﬁlﬁe &6 fodl Baclks abd Mat£MERE ™br kess t han
8.0 %while the step height 1 about 1, 100. 800. 0 Angstrons,

with a maflexiondsys orm Fodudepbast Ua i’e;r@l%praéfge%‘ﬁ‘aﬁvsémdfominam% [0079] In
most ca e gﬂfn%;j% ?@éd 2n ﬂa?e[?gréié‘a%ﬁl P& %ﬁﬁt{}ﬁéb@ﬁb herei jtggt!y 15 than

the step . I'n general™ the step he not be nore
t had0abduocess. gleps,uchias @pre;clnean andi @nnets@leam te multne tdrmrddrylcmx of Thus,

mnim zi | I ef 122 and
t he steﬁngepgﬁl{é}é 13@ potnesﬁina%H&efong\ﬁlg,t|§@@9(@Sﬁ <nglrrﬁ)ée #3%52 to be
achi eveabtaihéd &rgtﬂnvammls %mﬂudé@,;wchm’a’Ro@él d_rﬂDBﬁﬂ)otAfter conrp!a\et | oln of ﬁ CWVP

rocess substrate 1 e i ns ion ma one tqol .such as
oy a0856 1 o ARbIIAG R 86 SrKPIBSTLahe Rl ARt BYEN RN, BLmTIRaE bt 1 o
M Cr oscopeg f(r§EUMF”Bbch§s ‘éﬁ@% §éHon@!k@M@C15r%é§§H hesed fLfdrin 4 %&éd’n of

specific defects. A tool may be used includes a SEMWisionT"" system
froaﬁApmontattMm@substmtemoomheémsthﬂE’onrogass:p@zi@rms thet plenarizaton may be

per  or B SeaBhASIE pheed s o8I IRL "0 process. I natead, some
def ect s [0@§7]have dhesfirst CMMptess has a high polish selectivity for the conductor
130 relative to the underlying barrier layer 115. Thus, the first CMP process may
remove the conductor 130 across the substrate 100 and uncover the upper
30 surface 108 of the barrier layer 115, as shown in an embodiment in Figure 1 (e).
The barrier layer 115 may serve as a polish stop layer since the conductor 130 is
usually softer. A polish stop layer improves planarization by reducing any large or
non-uniform topography that exists across the substrate 100.
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earlier process, such as during formation of the insulator 103, the opening
P1¢B5P€he barrier |ayer 115, the seed layer 120, or the conductor 130. 30
[ 0082] After the second CVP process is done, the protruding plug may be
used to forma raised contact for a substrate. For exanple, a first raised
contact 211 for a first substrate 210 may be interconnected to a second

rai sed ct 221 faq second substrate, 220, as ,shown. in an, enbodi ment in
Figure i&%ﬁ Pl%’oﬁ-ﬂ%@% flﬁﬂ'gﬂaﬁﬁeéﬁ[ﬁ?&? _?CWQ'SQ%@#\R@SEOOO accor di ng
to t he Eb%%ﬁf/‘iiy for IS EbRAUCLST 36 felailRMo the Hﬁrﬂé’rr Iﬁygr-ﬁ@.el' rﬁatﬂiélfshure 2_000
includes a first raised contact 211 for a first Substrate 210 that is

i nt er cosetectivity obthe condontorridi0dedhe batriertiayer 1 H6onay have @ndaveliage r at e 220.

o out pliEr ot o obe AhiSRE! Sdlsh et BY AR 1d'B8 o5 BPDEPn e o &
devi ge iyar@dt |ayster15 iNhid iy Dardélapér 118willlesturt #f & sdidller (PSdde ihthe
i nt erconnecti on between the raised contacts 211, 221 of two or nore

sugst r atresjstange bepweemihevkonrkpad 04 and thesegeupter d30. changes. Such 10
conduct 108800 e Bl R ARAEIng B nE Rdiuc n Sbialipd) suthis o7 "

er osi %n Amiriaaomsiaeagradoﬁd?emismaldszieyumgen F&loﬁﬂM(HﬁO@)Dalﬂ%?sivAgng)ol such
as a Dinensiqgon T"" system from Veeco I nstrunents e : e

t opogr a&ﬁ?‘@ﬁﬁ°%ﬁ9&%@kg@§r%°%\9ﬁf€b&t€9’ Fﬂ%ﬂ%zﬁﬁﬂﬁéﬂ%@sﬁean & ects, such
as H@si EeRfplexiRg ageAt WhRA.may Be 4P SHinoEid Aukh a@G{?&ﬂ'@Jbﬁén_dr afie] The

nom nal value and uniformty of plug relief 122 and step hei ght 124 across
t he sub@cidisait ﬂmemyu@eaad@@tw/wtw&tra@ osi on may be mininized by
addin | u ' : r 7 The d

pl ugsgni96§1mf Pergﬁrygtrgafhg%ér}gfslc%ﬁ'ﬁg%ﬁsggmipﬁg‘f %tPﬁlgeJ&%gtnFacts grlniry 20

Z?é) in r?%hd&?]toﬁpaomqlode lba;:hwl le(qT amehterﬂag.@i, aesidrry fldmraflemfrnbglznigs are )
wi der than the functjonal plugs (in the rajsed contacts , ) _so that
the hei g0 G50 REMINIGR RerimEtinR etendatalion o At ﬁgrpaﬂﬁé-%va'vgﬁmg.

[ 00§6] ? PhiRlfe @PmY’d adfiet Aotafibn B BBYUP! 31051 00RY iR, &hd algeliskal |y inserted
at certain locationS in the field region to nodify and control the

r ecessi giiegsure 9§ abgut hOul Qtrounds Pessadare ina (Rsib Jheremavad raterfer thecat i ons

of e Sl ot 498 BV bESRBI1 BB !614 06D DARBEFGRE Der LA N9 (e

di mensi ons (such as Teng t hi ckhess Stfate 100, the
f1 at nes40061] he sihetfiret EMFOProcebs neay ipcladertivoyorohotehstepsidatoret e 100, and

| Do Rt 4 i RS EMBR P e b S BhOdH 1 he
L?n?ELO%stFHf‘iﬂé oleburdiéh bRINREhHRBIA3D. Fhé firdtstep Mby bE aftiniéd pofish?) | ayer
or may be controlled by in situ monitoring of a parameter, such as thickness or
eddy current. Then, a second step, having a lower removal rate, such as about
1,000.0-2,500.0 Angstroms per minute, may be used to clear the conductor 130
to uncover the upper surface 108 of the barrier layer 115 without breaking through
25 to the insulator 103. The second step may be a timed polish or an endpoint
polish. In one embodiment, the second step may include an overpolish time or an
overpolish percentage, such as 15.0%, after detection of endpoint on the barrier
layer 115. If desired, each step may be done on a separate platen or on a
separate CMP system.
30 [0062] Removal of the bulk of the conductor 130 across the substrate 100
and uncovering the upper surface 108 of the barrier layer will leave behind a plug
135 that is inset or inlaid within the opening 105, as shown in an embodiment in
Figure 1 (e). The plug includes conductor 130, seed layer 120, and barrier layer
13



substrate 100. In a second enbodi ment, the dummy plugs are connected to
P448aPCi8s  P14085PCT structures and features in one or nmore underlying

| ayers of the substrate 100 to create the desired topography. In a third
enbodi ment, dunmy plugs included in two or nore |ayers may be stacked
vertically. Dummy plugs, that would otherw se float electrically, may be

Ph ot he daBerf SHaPe of i€ abS' faei8 BBflauiRg BuiHbsPed 1M BbeiRanos "ot a1 o
have be@ar eRhmbW, tie BRVESS Magbkca post O #tulEif the Bissrangh 08nsiansd.ared ng of

the present invention. One skilled in the art will appreciate that nmany of
the featrlH®et3% mayhe adipedithenreaing tRH 3 yreapdl i cabl e to ot her enbodi nents.

One skil in th | ' Il vari ous
caui val 8086801 RnitinelirbleROaRPRIcEE kb foe thet AfayiEslit or) thes
di nebsi @MP peocessris dishirnef thetslug d8ScDishiry breatesna depressidnoinitheunder st ood
that the detail ed description of the present 'nv‘ia tion should be taken as
i | | ust r #APPEESURCHINT of the ¢ongductgrl s ‘H'W'Hé@@h{ge gﬁ (ingide the BRPINGnvent i on

shoul d - g | f us, we have
descri bggsg?érlrﬁ\{?o%ng @Xléﬂp%ﬁ%@g?glé@ggﬁ?tg&@gt% %hges?é\%}gﬁiggﬁéct I on bet ween
subst r af@@64jnd a Elishiog may beuriang severte foaagdulg d36witht & largér lateé?akl085PCT | N

THE CLAINS - W ¢l ai 1. A h i sing: providi first
whnsyracimersivt Bt ophaatfo S g LR b s B it g an
opeppng p'o_ﬂsﬁé& Q%ﬂ)élrséﬂrﬁcﬁ_ r10f@FtHb%q§‘tlfé?ﬁ§jﬂﬁér@&in%_ 8ly fletisfhdi 189ellvittheand in
sai d opening; 10 renoving said conductor over said’insulator with a first

chem caluppet durfaceal 0§ of thenbayriet layer 445 thathasean expnsedt 88 shawsdn @nopeni ng;
and reduyci.ng,.thick id insulator with a second chem cal - mechani cal
pol i sh 8%@'&19{1@";%@?”?&5@% conductor in said opening to protrude. 15 2.
The met ljoges)f cl aimoihermidesirablaitdpographitabchagepthas rrayareSult fropmthexi de. 3.

The nethod of claim1 wherein said insulator conprises a |lowk naterial. 20
4. The AEst{dMPdroeess iserosiarofthe materialin thesracesaivesLIugs Withing | ow k

gglggg'r é'c%gﬁezr (rﬁr'e atrﬁ P %ﬁhﬁ@ggﬁ%@h@é 18 the'fngtctial irsfetict® PElSh Par HPPT | ses
from the cluster or array 137 of plugs. Erosion creates a depression in the spaces

between plugs (within the cluster or array 137) relative to material in the field
region (outside the cluster or-array 137). Erosion may result in the partial or
‘complete removal of the barrier layer 115 in the spaces between the plugs. In

20 areas where the barrier layer 115 has been removed, erosion may further result in
removal of some of the underlying insulator 103 in the spaces between the plugs.
[0066] Erosion may be more severe for a cluster or array 137 having
densely-packed plugs with small spaces between the plugs. Proper optimization
of the first CMP process will minimize the difference between the removal rate of

25 material in the spaces between plugs within a cluster or array 137 of plugs and
the removal rate of material outside the cluster or array 137 of plugs.
[0067] After the first CMP process has been done, a second CMP process
is used to remove the barrier layer 115 outside the opening 105 and recess the
uncovered portion of the insulator 103 below the upper surface 109 of the plug

30 135, as shown in an embodiment in Figure 1 (g). In one embodiment, the barrier

layer 115 may also be removed from a portion of the sidewalls of the plug 135.
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30 providing a bond pad on a first substrate; formng a dielectric over
P$40188PGbnd pad; forming a via in said dielectric to uncover said bond pad;
formng a netal over said dielectric to fill said via; 20 P14085PCT
removing said netal over said dielectric with a first chem cal nechani cal
polish process to forma plug in said via; and recessing said dielectric

i t h d cheni cal ; nechani cal f ' '
Trom sattbgilig” e An eroRBRFE of 8 stRiehipoao R BlelbS o M bebBht “For i g o
barri er jd\angbndd bRb shHoWH inFigard1 (§p TedstRfhereet G0V ifth@es i slugaBsl ; and 10

renoving said barrier |ayer over said dielectric after renoving said netal
and bef forea subsieate 1§0s ln aneleabodiment, the plugd Ihemay down adpisemh coniddr ei n sai d

renove Aok VS Egsidtel B dHBUGHET SodR AHTE LBRG BedI€ or 8. " The
net hgd ebnhRbatets aniritive aréabfla devite if tarurtRylyl®) layér 182loptel sh or may be

20 controlled by in situ nonitoring of a parameter, such as thickness or
eddy cusubsirate10.The nmet hod of claim 8 wherein said first

chem cals hani cal i f C r - step to clear
sai d cor‘%@or to%‘u‘ch‘@%%e?ggg}& 38%21?? isg[etcg% ‘oaél’cé@.n’@%ﬁ %ﬂ@ﬂ#&ﬁﬁgd of claim 10
wher ei n seRictivisefor bdtis thepbartigr yent 15 zmd thelinssitator 103 relatip®toithepol i sh. 30 21

P14085PCT 12. The_nethod_ of claim 7 further co i sing: formng a seed
| ayer afcPBAUGtSF A3 gThe palighseleelivity of the WF%%WW%tQW%?W@gr&%&%t al. 5 13.

IrATPL Y Gy e AL B aBIRS) o e RITRG bt g e ¢
second Mﬁnchldemabmsaﬂ spchg as Silioa, and a complexing agent. The complexingn >4
agent may be Ammonium Hydroxide (NH,OH) or an organic acid/salt system,

such as Citric Acid/Potassium Citrate. As needed, a biocide may also be included.
A relatively soft pad is used to minimize the removal of the conductor 130 and to
15 prevent the generation of defects.
[0070] Typical parameters for the second CMP process to recess the
insulator 103 include a slurry pH of about 6.0-12.0, a slurry flowrate of about
100.0-350.0 milliliters per minute, a platen rotation of about 5.0-85.0 rpm, a carrier
rotation of about 5.0-85.0 rpm, and a polish pressure of about 1.0-7.0 psi. The
20 linear velocity of the platen may be about 20.0-350.0 feet per minute. In one
embodiment, the slurry pH may be about 9.0-11.0, the polish pressure may be
about 4.0-6.0 psi, and the linear velocity of the platen may. be about 20.0-140.0
feet per minute. When the insulator 103 is formed from a low-k material, the
second CMP process may be modified to avoid fracturing or delaminating the low-
25 k material forming the insulator 103.
[0071] In some cases, the second CMP process may be followed by a
post-clean, such as a scrub, in a non-oxidizing environment with an organic acid
or organic acid buffer. The pH may be selected from the range of about 2.0-6.0.
[0072] In another embodiment of the present invention, the insulator 103 as
30 shown in Figure 1 (f), instead of the barrier layer 115 as shown in Figure 1 (e),
may serve as a polish stop layer when using CMP to planarize the conductor 130
to form the plug 135. Then, the insulator 103 may be recessed directly to form the
raised contact for the substrate 100. The slurry chemistry and the polish
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process conprises: a polish pressure of about 4.0-6.0 pounds per square
P#8RPCT5 15. The nethod of claim 14 wherein said second cheni cal - mechani cal
pol i shing process conprises: a linear velocity of a platen of about
20.0-140.0 feet per mnute. 20 16. A method conprising: providing a first
substrate; formng a dielectric over said first substrate; formng a via in

said dielecgtric tq uncover said first bstrate:. form a, netal over said
di el ect FPE‘C’{"B“? ialnﬁ p@&?@e\?ﬁra;m%%h?\éﬁrgqﬁ%épﬁrgilz%dﬁgtaﬁ%l%%es%ﬂsge ielectric
with a foolish seleetivitied ang potsh esthovwdliraf®s. process to forma plug in said via;
recessi nggsai d dielectric with a second chem cal -mechani cal process to form

a fi rzt [0873ed cordthedecessing satepfihe fsulater 103 mayhmabeutndPaiZ090.Pst
[ | ' t . 22
e 4065t UryomaberAAERPRE et Féiaf Bt Ay Ao HAFELGKLTAPTM B 2.

resubt s plugsa Tipeugteriel uppersurfaneut 107 60the-idsuator A08ngay diffes .in height frohe et hod
of claim 16 wherein recessi id.dielectric resu in a step height of

about 1theexigrier gggebsm ‘P&T;fa thggnsullator 103. InterlorI rte?ers to a location
LSy AR AV 18 of Blos Exbliofert ¢ a oafith St Y. AY(- AY. AYY

Z:[A\ZJ g\)\( %]ummémaj t3A bt plugs Uncabstdaselse tHieciaterior upper slidade 410 ohtlieca) c”a] ca
Ical CaU]ir(l:s(?‘ Igt/(\)?ll Sg]isc rAna %?1hca6r‘1] t%%]ecx%ﬂocrallp%aer surface 112 of the insulator 103.

10 [0074] Recessing the insulator 103 with the second CMP process may
reduce the thickness of the conductor 130. The difference in height between the
first polished upper surface 107 of the plug and the second polished upper
surface 109 of the plug 135 corresponds to conductor 130 thinning. Conductor
130 thinning should be avoided except to the extent needed to planarize the

15  upper surface 107 of the plugs in the cluster or array 137 of plugs.
[0075] Recessing of the insulator 103 combined with minimized thinning of
the conductor 130 permits a net protrusion of the plug 135 above the insulator
103. The plug relief 122 is the amount of protrusion of the second polished upper
surface 109 of the plug 135 relative to the interior upper surface 110 of the

20 insulator 103. Interior refers to a location within a cluster or array 137 of plugs.
The step height 124 is the amount of protrusion of the second polished upper
surface 109 of the plug 135 relative to the exterior upper surface 112 of the
insulator 103. Exterior refers to a location outside the cluster or array 137 of
plugs. The field region includes the exterior locations that are far away from the

25 cluster or array 137 of plugs. The oxide relief is the difference between the step
height 124 and the plug relief 122.
[0076] The plug relief 122 and the step height 124 may be affected by a
variety of factors, including the local pattern density (the spacing between plugs
within each cluster or array 137 of plugs) and the global pattern density (the

30 spacing between separate clusters or arrays 137 of plugs across the substrate

100). In general, narrower plugs 135 and narrower spaces between plugs 135
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&7! 10%&c())1tacy 211®%a first substrate 210 that is mterconnected to a second raised

0% ( FONES@R) 194 8eend sdpairai2P) i o Subebioamh e R SEhaanc
1095 () 2119EHks (nput' dfBl€ighaldo (or oltpLtl&F&sighal #8f&a(bond pad 204
connected to an active area of a device in an underlying layer 202 of the
substrate 210.
[0084] The interconnection between the raised contacts 211, 221 of two or
more substrates 210, 221 may be degraded by topographical changes. Such

10  undesirable topographical changes may be caused by dishing, erosion, or
conductor 130 thinning. The topographical consequences of dishing and erosion
may be measured and visualized with an AFM or an HRP. A tool such as a
Dimension™ system from Veeco Instruments may be used. The topographical
conseqguences of surface roughness and uncovered defects, such as residues,

15 scratches, and voids, may also be measured.

[0085] The nominal value and uniformity of plug relief 122 and step height
124 across the substrate 100 may be affected by erosion. Erosion may be
minimized by adding dummy plugs outside the cluster or array 137 of plugs. The
dummy plugs may differ from the functional plugs (in the raised contacts 211,

20 221)in size, shape, or layout. In one embodiment, the dummy plugs are wider
than the functional plugs (in the raised contacts 211, 221) so that the height of the
dummy plugs may be reduced intentionally by dishing.

[0086] Clusters or arrays 137 of dummy plugs may be strategically inserted
at certain locations in the field region to modify and control the recession of the

25 insulator 103 across the substrate 100. The locations of the dummy plugs may
depend on various parameters, including the dimensions (such as length, width,
thickness) of the substrate 100, the flatness of the substrate 100, the co-planarity
of the substrate 100, and the locations of the functional plugs (in the raised
contacts 211, 221).

30 [0087] In a first embodiment, the dummy plugs are only included with the
functional plugs (in the raised contacts 211, 221) in the final (top) layer of the
substrate 100. In a second embodiment, the dummy plugs are connected to other
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15

[0089] Thus, we have described a method of forming raised contacts for

‘interconnection between substrates and a structure having such raised contacts.
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forming a conductor over said insulator and in said opening;

10 removing said conductor over said insulator with a first chemical-
mechanical polish process to leave said conductor in said opening; and
reducing thickness of said insulator with a second chemical-mechanical

polish process to permit said conductor in said opening to protrude.

15
2. The method of claim 1 wherein said insulator comprises a Silicon Oxide.
3. The method of claim 1 wherein said insulator comprises a low-k material.
20
4. The method of claim 1 wherein said insulator comprises an ultra-low k
material.
25
5. The method of claim 1 wherein said conductor comprises Copper.
6. A method comprising:
30 providing a bond pad on a first substrate;

forming a dielectric over said bond pad;
forming a via in said dielectric to uncover said bond pad;

forming a metal over said dielectric to fill said via;

20



Lk, sl 1098 ()- & 10%& () - $&$109%& ()-f# 109& ()-!10%& ()-
P1€028PCY - VuUUAVWVYVDCNCS! | k™ s6s! 1098 () - L3z#109%& () -

fL3z#10%&' ()-1" 10%&' ()-0! 10%&' ()-.s! 10%&' () - vFwwwwwwwbC ! 1 K" s-

109& () - Y3109& ()- 10 10 10y; 109& ()- 9! 109& ()-8 109%& () - wHxxxyfyydEbC! !
k> Fml0% ()-z 10%& ()-'!10%& ()- 109%& ()- 109%& ()-'109& ()-yDzzz{R{{dEbC !

1k 1109%& ()-L' ! 109&

_$10% () - v (’)e"{‘{"i’}é %‘("Id meBtBydise 918@%‘&}3&" With:g Jissgnemicahy 1 gog: () -
Lo () o Dy Ll ove L P S PR O 2 ve () s1ove ()-
Y3109&' ()- 10 1§Cessnd soi Ql?lesﬁﬁlw%a(%eﬁaﬂaﬁbemlcahmgpw &’(QGGSS to

100 () B TR ARl GRS Tob () dmpcr

|1 KAB109%& ()-93! 109 ()-1 109 ()-1. 10% & ()-, - 109%& ()- 3+ 109%& () -
1{~xnbCl ! 110l F410%& ()-Z 10 10 10y; 10% ()-910% ()- 8! 10%& ()-
6 ! 109%& () - FzX9nbC! !

#109R& (7) - S’hé#ﬂ@l‘if&d(dfcﬁdﬁiq@/ﬁﬁdr(e)cbﬁﬂbl@%% () -1 #10% () - m #10% h} h& () - MR<zX
6mCl I & #10%& (? -1 k& #10%& S) y& #10
& () -1 k& #10%& foymipgoadarrey %vqrﬁiw/@rmmgaa@v'@anécmﬁe forming §3id 2,

109% () 13f3LQ%E ()- 10 10

10 removing said barrier layer over said dielectric after removing said
metal and before recessing said dielectric.

8. The method of claim 7 wherein said first chemical-mechanical polish process
16 comprises a first step to remove most of overburden of said conductor over said
insulator.

9. The method of claim 8 wherein said first step may be a timed polish or may be
20 controlled by in situ monitoring of a parameter, such as thickness or eddy current.

10. The method of claim 8 wherein said first chemical-mechanical polish process
further comprises a second step to clear said conductor to uncover said barrier
25 layer.

11. The method of claim 10 wherein said second step may be a timed polish or
an endpoint polish.
30
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10 14. The method of claim 6 wherein said second chemical-mechanical polishing
process comprises:
a polish pressure of about 4.0-6.0 pounds per square inch.

15 15. The method of claim 14 wherein said second chemical-mechanical polishing
process comprises:
a linear velocity of a platen of about 20.0-140.0 feet per minute.

20 16. A method comprising: -
providing a first substrate;
forming a dielectric over said first substrate;
forming a via in said dielectric to uncover said first substrate;
forming a metal over said dielectric to fill said via;
25 removing said metal over said dielectric with a first chemical-
mechanical polish process to form a plug in said via;
recessing said dielectric with a second chemical-mechanical process to
form a first raised contact from said plug; and
interconnecting said first raised contact with a second raised contact on

30 a second substrate.
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