WD 2004/ 001814 PCT/ US2003/ 018669 METHOD OF FORM NG A RAI SED CONTACT FOR A
SUBSTRATE BACKGROUND OF THE | NVENTION 1. FIELD OF THE | NVENTI ON [ 0001] The
present i nyanhbHidig@! ates to the field of sem conductor éﬁ?@ﬂﬁﬁ@g&gcl rcuit
(1C mmnuf-acturing,--and nore specifically, to a nethod o]%' ormng raised
contacts for a substrate. 2. DI SCUSSI ON OF RELATED ART [0002] In 1965,

Gor don Moore @Fﬂf t S %tIF% unit area
on a chip apgﬁe%-lrggg to gﬁ"'@;&%@ﬁ%%@@f?g%m §TRE§'E si nce
then, the sem conductor industry has managed to introduce new designs and
processes on schedule to deliver the inprovenent in device density

proj ect M%&MMW In particular, maj or enhancenents
in optic reduced the critical dinmension (CD
that can be successfully patterned in the features on a chip or other
substrate. At the sane tinme, significant inprovenents in doping,

deposi t i bnEIE Of TH ased the concentration, depth, and
t hi ckness that can be precisely achieved across the substrate. [0003] As
devi ce di mensi ons approach atom c di nensions, the fundanental |limtations

of physifeg0e] | | plEye preseatinvention relaigerto tiw fieldiof staticonduttog  t he

per f or man reljabjlit f the deyices on the sybstrate., I.n the past,
P osues " Bfeaaafcrgui 200 memRciipS: A6 rmia <DRekERIG S BmElEed, I [he
front - eqdrfing raRBUGMIMGS fr PEQSSRAENG Or the wiring in the back end of
sem conduct or processing. However, it is becom ng increasingly inportant

to bal ance the scaling of the tranS| stor and the interconnect on the
substrat ‘ : by A %i nt erconnecti on between multiple
‘ o AP 03/ 018669 [0004] Thus, what is needed is

a net hod of for m ng rai sed contacts for interconnection between substrates
and a sty re h such,ra ontacts Rl EF PTI OF THE
o NasoBBabs; g ueBs” Borg Vppe Bt oBReSier dntie THMBSEOHEISRRE ona
vi th of tdé?ﬂn‘iﬂb?ga %rrﬁbé)éhlﬁﬁdﬁp%a@éd o aBitledpploinataipevary 8 ﬁﬁhtﬁ@@@@t for a
substrate accordin

since then, thegsemlconductor industry has managed to introduce new designs ‘

and processes on schedule to deliver the improvement in device density projected

by the so-called Moore’s Law. In particular, major enhancements in optics and

photolithography have reduced the critical dimension (CD) that can be

successfully patterned in the features 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
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
~ of the transistor and the interconnect on the substrate with the scaling of the
~interconnection between multiple substrates. |



the present invention. 10 [0006] Figure 1 (g) is also an illustration of a
cross-sectional view of a structure that includes a plug on a substrate
accordi ng tw fdoge@gAasent invention. [0007] Figure 2 is pgrighlossiblkedol on of
a cross-sectional view of an 15 enbodi nment of a nethod of interconnecting
rai sed contacts between substrates according to the present invention.
[0008] Figure 2 is also an illustration of a cross-sectional view of a
structure that includes two substrates interconnected with ralsed contacts

20 accor 0841t o t hEhys, sdwatds naeded jsom metiodal forminestaigesreeniacs f9E PRESENT
| NVENTI qﬂﬁ%ggﬁr?éctr!oﬂ Be%géﬁ ls'uBE‘fré‘fés Oé' 5diar hé\HH§ SBHR r%gea'coﬁtacﬁs“(:h as
specific processes, are se orth in order to
provi de a thorough understandlng of the present invention. However, one
skilled | , e invention may be practlced

wi t hdut BRE e otHer i nstances, well-known

sem conduct or eqU|pnent and processes have not been described I n

particul ar detail so as to avoid obscuring the present invention. 30 [0010]

A devi cel0889] be f driguesil (a)~€abarerilusiratipns o0& pareseFocinnal view elg/arioyse

conbi nat [ , and

et chi ng.é'%g(r}?fr% %bf gdﬁ%@?ﬁﬁ gﬁ“@ﬁ ?afrﬁag&rw %ﬁ?g%lsﬁgﬁ?ﬁe’g%doﬁla chip or

subst r atthe presentdnwdrdion. may be forned in sem conductor material and

sep rated by an 2 WO 2004/ 001814 PCT/ US2003/ 018669 electrically insulating
O al. The transistors may then be wired up wwth an interconnect system

that hasromab]l pl € Figupé 9 (9? :@arssIa@ﬁrrustﬁaaiohbfepaégslse\éﬁoﬁmww afa separated

by the ectrically insulating material. [0011] A higher device density per

uni t vol siristureyihakingities weplugyorea §Ub%tkatﬁ@cmﬁillaﬁ tnthespregest inyerlion. The

substrates may be wired with 3-di nensional interconnects. The

3-di mensi onal interconnects may involve raised contacts on $ the

subst r atf@g07fhe prRigané 2iiseerillusiratidassfra dress-seotidrial drievw of anm ng r ai sed

O oo st of Adn oK) Reuemeothg isa) Sl Foluee BurkfaRd ments of

ast

according to the present invention.

[0008] Figure 2 is also an illustration of a cross-sectional view of a
structure that includes fwo substrates interconnected with raised contacts
20 according fo the present invention. '

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0009] In the following description, numerous details, such as specific

25 materials, dimensions, and processes, are set forth in order to provide a thorough
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 sericonductor equipment and processes have not been
described in particular detail so as to avold 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



10 invention are shown in Figure 1 (g) and Figure 2. [0013] An enbodi nent
of a structure 1000 that includes a plug 135 on a substrate 100 i s shown

in Figure {yd hswooiba plug 135 may forma rai sed contact pé&EpuPRbIdikedgonput of
a signal to, or output of a signal from a bond pad 104 connected to an

active area of a device in an underlying |l ayer 102 of the 15 substrate 100.

[0014] Aéle@ﬂfrbaw m%atatlﬁb nfatefak ThetRad®idrsthay tHarhe dasdiypwithbar connect ed

substrates 210 according to the present” invention is shown ip Figure

2. The lgtef%mrm sszstem thaéhaa@sul’&plsulamrs 04 RB @lpddealycgonsustivemaienal r st

substr at Qtetd tE Sl étﬂ&@ nNeq 49 second rai sed contact 221 for a
5 eieaEAl BRE Mg fnardid. i -

second substrate the raised contact 211 permts
i nput of[0814] gnal Ahlglrmrdeulcpldemfty@erBnlgmalll.m‘iermayl:aeb(:hﬂdverhbly 204 connect ed

to an active area of adelce nder | yi er, 2 of, the, substrate
30" By o BHRA e gE Mats SUDRERIeS. TR SUharAGa Mo PE AN SIBEaSREL s Tor
a SUbsﬁh@r@oﬁ{%t@%@dﬂﬁeﬁﬁohél%t%rr@&%cté ﬂi\é{?ﬁﬁ\kdﬂ?e ﬁéi%@ﬁ@ﬁ!ﬁcﬂsrbd:l gures 1
(a)-(g) 25 and Figure 2. A substrate 100 nmay’include a wafer having

nul ti pl dhersupstraiss. The gresemidweangiomdescribes ainesthed of fernaing49ised nul tipl e

devi ces. cc{nqgétglfor-ﬁﬁf‘eréﬂé’rggécrtlﬁh e#@g%ﬂgﬁgggalthgt egrated with a package.

| nt er posers ase € substrate 100 typically

i ncl udes[oemzpnder IS6mg emizydimehti2of Jbtrumtuc&ad:qord@gltmtae pt@sentncl udes a bond
pad 104 that permts |npu of 30 il q%n to or output of a signal from an
act itQe dpwention are igurgidgan Uge2.act i ve or passive. The bond pad

104 may rmed g ! Ry a

104 T [9B18PT 150 A BRRARRAAI stk AATMBL NI SRl 9000 20,

PCT/ US2 ks 2B5 680 |sleﬂ1cﬁ)ﬂ0uﬂ=|gmget1r(gr)rsThér plagelaﬁcmaydatmw rataediconitact mat eri al
may incl.ude a.net

Taver 109 Peagitep @t Sty BotaPHba A slonat BT, pdiantitnd dMfan el ect i sal Iy

i nsul at iRpnBBcRf todln AdKieMred il FVIGS T &PLSEERANG 188 1021dFehé ange of about
5, 000. 0- 24, 000. 0 Angstrons. The dielectric constant (k) of an electrically

i nstbat m:@strateeﬂilfhl may be determned using capacitance nmeasurenents on
parall el[OB JIl?]t e el %nt éh%odm%ﬁtuo tauét?ﬁcturehfooed fa lnc‘fl?ciesy onﬁﬁ!t'ér%rilﬁk%ted
substrates 210, 220 according to the present invention is shown in Figure 2. The
structure 2000 includes a first raised contact 211 for a first substrate 210 that is
interconnected to a second raised contact 221 for a second substrate 220. In one
20  embodiment, the raised contact 211 permits input of a signal to, or output of a
signal from, a bond pad 204 connected to an active area of a device in an
underlying layer 202 of the substrate 210.
[0015] Various embodiments of a method of forming raised contacts for a
substrate 100 according to the present invention are shown in Figures 1 (a)-{g)
25 and Figure 2. A substrate 100 may include a wafer having multiple chips, or 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-



material may include Silicon Oxide having k with a value of about 3.9-4.2.
In one enbodinent, an undoped Silica glass (USG nay be used for a device

w th 10 degigeddh@s of about 250 nanoneters (nm). A toopedtigdhoiyssbe used
to formthe insulator 103 includes an Utinma XTM system from Applied

Materials. [0018] The insulator 103 nmay serve as an interlevel, or

interl aYP{,Podbe)du%sttr’dn‘fs. T@Jé—@écﬁileamﬁ?ﬂfo%bﬁvé hfatORa maathciie 4 htalot her

el ectrically conductive materials at nay be present in the sane or in
di f f er ersudhaasefleminuimegreGeppsr. t he under|ying 15 | ayer 102. Excessive
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1?3kbt6th vme_asummeéﬂrtmmﬁacaﬂal p{/atieelﬁsntrma s’éuti:tati@r. iThieselectogalky igéwétlag t Si gev\?v! ;Jﬁ
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materials have to be use owk dielectric ) i nclude organic
mat er i al[8018] | i cafldeninselater )3 way sehvgias an gitetietdl, origtatlayeasieleslriccat e

terial,s, h AN I Q.. F ' i 1.Jy_desi
"ol oe. oiLp3HEEeaEE e BBin it SRl ra sl ehdlRl et sy o oups
to 4 Wehz004( 8R4 MG AKS AR SHiR efiferbar 1avals Gridais @ pesluSddrydan Oxi de
(CDO or Si0OC) having k with a value of about 2.4-3.3. [0021] For a device

wi t ASdedayar 1)m|- Excessiupsapadipnembetween Reatbytiectiioainggndustve BReed from a
o T el g Prbbeaal M e hnbekaiRlteR GRS S of
the lines are connected. When the devices include transistors, interline _
capacitance may contribute to cross-talk and increase the resistance-capacitance
(RC) product delay during operation of the transistors, thus degrading their
20  switching speeds.
[0019] [nterline capacitance in the wiring of the substrate 100 may be
reduced by using a low-k material for the insulator 103 between the electrically
conductive materials. Low-k refers to a value of k that is lower than the value of k
of Silicon Oxide. For a device with design rules of about 180 nm, Silicon Oxide
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
 gilicate materials, such as organosilicate glass (OSG). For a device with design
rules of about 130 nm, Silicon Oxide may be doped with Methyl (-CHa) groups to




down to about 50 nm the insulator 103 may be formed froma material having
k wth a value bel ow about 1.5. Materials with an ultra-low k are usually

porous andwd®y4bdiglsude aerogel s and xerogels. In some casgsrobdisdeeW kK or
ultra-low k material may require the use of a barrier layer to prevent

di ffusion, intermxing, or 10 reaction with other materials. In one

embodi ey a’C‘éﬁPcm BS@é%Sﬂfc Jib fSDé t%]r' ﬁ%\)ﬁr{%ﬂv‘ir{d Kith @Iu@ lof abbiicon

xynitride (SiON) over t Itra- Tow k material.
[0022] TA4-3.8sul ator 103 may be formed using a chenical vapor deposition

15 (BEEME) or oodlt o bF Wi sl ey o i ciis Waefhy W03hAR " o
val ue of bafsriedirdm lb»v-kwmﬁ@lmavﬁ@ Matra-lohsk. (GERAGINM :(e@er@@@ahm&umg k
with a value of about 4-2.8) from Navel | us Systens, eﬁan Flowfill(r) (a

CDO (avi Pigk thahis lpwer ﬂ'\@l akow2 dora gevice with dasign ek H¥oMMBgi es. An
| | o ™
200 havi S BEBUESQ hiFE ind FulchEr TG B0 esoBflel oD MigicteRRaha ROTV.C%
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P cer S L e I
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Al t er nat mmrwl ntdyerequﬁel ko ase 108 b@ﬁ}erb%rjérqb rmék/érftcdm@sl@ml iftePMixirky or
dielectric sone cases, the g require the use of an adhesion

| ayd0. Lrgapﬁto ttbrqt%@rsmﬂ%talwyoaﬁ emhasinels iaRPRPIRY |2YEHBUSP FSeIECIN om a
I d k
with o JIHESEINDE) SiRoR RSSO DO KRS AR INE RAKRRS Ut 19
or gani c-lewlkoxatesigbol ymer or OSG having k with a val ue of about 2.5) from
Honeywel ctrongc Mt An ultrazlo e at ma
be sgun [hﬂaﬁcl udglL Wﬁﬁ%ﬁ%@gﬁwgyi’e%%gﬁsugglﬁggew\g Hgaéf@é&a“r?“ riL\/al ueyof
about 1. (@N@)aﬁro&éﬁnﬁéw k fndtedh! thhamhaye fohﬂe@%@ﬁhg@ {ahm-thieahesd k or

lal includes a spin_track from Tokyo k El ectron ,;Qtd (TEL).

ultra-1ow k r
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of about 2.4-2.8) from Novellus Systems, and Flowfill® (a CDO having k with a
value of about 2.5-2.8) from Trikon Technologies. An ultra-low k material that may
be formed using PECVD includes Orion™ (a CDO having k with a value of about
20 2.0-2.2) from Trikon Technologies. A tool that may be used to form the low-k or
ultra-low k material includes a Producer® system from Applied Materials. 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 fiquid
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).




I nsul ator 103 of the substrate 100. As shown in an enbodinent in Figure 1
(a), a feature 99 is patterned in the photoresist 101 by exposure to

radi ati on wo forgecas@ppropri ate wavel engt h and dose, as nmEehethife a
reticle, followed by developnent to formthe mask. The exposure may be

done in an imaging tool, such as a stepper or a scanner. [0025] The

feature [8624 t he Hhwiskriegefibed Pl raBtioraserndite eatdrizcalat photorésitto an
opening 105 1n the insulator 103 by an etch process. The etch process to
10 1 or m 1 HebyBeMORtNearaRby Praserscdarsh (pe:ivioiesieh 101 deaBaliest OentBect i ve i on
etch pr ) ' 1 \ 100 dypad 104
of the auater Toof e SuBRERLG0: 3 HBRAYG'eR GnBREMA i Fiddie DRICaTR, 0

Fi gurle erétm)era] 99[i§©2&bm‘l§m€in¢hepho?ré§§ Tolyby GZﬂr)]msmea?sé{[ﬁaﬁordefiheedhf romthe
reticgle, such, tas a vyia, a trench, or trench oye i a, via. The opening
105 ey FRRVGPAE SVaEleGta AndideE et s Moddiatad BY R raYEiey fUlMEK Bhan about L. 00
m cron (gevkiciRert thabeh Mo nfisRENSE BRostié Mapbé d8hel anGagRRstobhan about

0.10 um Hgh directionality is desired for the etch whenthe opening 105
has an #icb@s a sleppe( aeptscannei. dt h) of about 6:1 or greater. In one

Fr equendgOzs " oF afialdod 9 RIS pnotERECYE! B AL fBtigeREa T
openi ng iAR%armayeriing ABSia the thevldtdr FODBY anBtet prosesshEhgatcinprotesetaray

i ncl ude an etching gas, such as CF4, and a_  pol ynmerizi ng gas, sy(g? as
CH2H8. fﬂ@néﬂ%ﬁpﬁryngaﬂ%@aymlt&%@iwa et RIBcess OfR FRRGYE 1R A1 chi ng the

I nsul at ' I 2 i jgey@Ehbs of the
openi ng%%ﬁo@%%@%%@ﬁé%??éi@?&%%}gggég\éﬁfg?h%&d% useQEZS i ncl ude
CHF3 andie@iREdn tMdenderdying fyerd02; e shownlimanrenii@liment beFihwet1 (b}500. O-

12, 000. stro per m.nu 0028] A tqol that be, used .to formthe
openi ng(ﬁ%i ncl U&é@ %9?”‘@7@@%(‘{%3/ ‘Né%g?lﬂ gl}%qeeﬂ?rf‘f%‘?'?’it%ﬁe E'I‘ﬂtﬁ%ogi es.

| f desir 4h [ | M &M aof under | yi ng
barrier a\%g%/\g%’ gg%@hei?g%%f%yg?w@%% "é%‘%%béig’r"f‘g of t ﬁg hgﬁg%éor esi st 101
may16e derieat dipuenaion drydapth,af greategthemneabawidl.00 sictondamrarek@lateal) system
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desired for the efch when the opening 105 has an aspect ratio (depth : width) of
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 CHF3 and CsFe. The etch rate of the insulator 103 may be about 1,500.0-
 12,000.0 Angstroms per minute.
[0028] A tool that may be used to form the opening 105 includes an
Omega® MORI™ gystem 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. | '




[0029] The etch selectivity of the insulator 103 to a photoresist 101 nmask
may be about 2:1 to 7:1. If etch selectivity of the insulator 103 to the
phot or esi s{yo MddodiBsK is too low, an internediate mask, ga@doiBRed nmask
may be included between the insulator 103 and the photoreS|st 101. In such
a case, a first etch 5 process is used to transfer a first feature 99 that

[ tt t har d
I's pa ﬁb@ﬂd}a'n deoetChe?e%tu@@sofﬂi%ahﬁ}igtoﬁasqe%%ﬁcﬂ@fféfsﬁom rhdigk har

mask. T seco proc transters the secon eature fromthe
har d nmagkay eahdw 2obenT rigif sdeh seiecﬂuﬁy of treuinstitator H38 toTthe plateresist ect | VI ty

P d el GTBER & R, ADIRENa Al ek caliarn duedkshdidy BERANARY, o

enmbodi Mefdtywedn Hh&fisuliet Wla aadm@pﬁcstomm mr th 586Ka caBY, Brsteserd. [ 0030]
If the etch selectivity o I nsul ator 103 to the underlyl ng bond pad

104 Bs tpyocessis Lliielddmtm]‘lS&rcmf rstfg@tqrsm)thahgsepattmyewﬁ thecphiie®sifét ween t he
bond p 1 and th at 10 T tch I ncl ude Si N or
Silicon 'ngﬁlsﬁgof' rﬁ-‘&fﬁ%@?"ég\%ph @ géﬁ}?’ %t}fsarg@é'sg 6.5, which

is rel attra\f%kefrshhgfsecoﬁ@f@mu@ﬁ@hmﬁé hm ﬁﬁ%kﬁnt@'theﬁp@hi (ELﬁ«ﬂﬂé from
Applied Materials havin | ue of about 4. ébe used.

| f desi desuiaten 188¢chhe s@w@ﬁwltuaxﬁh@lnéuwtowQ%tcaweéwﬁ m@%mav Bue may be

dt
ot ruct it IORSThaf bBft 580° AUA R pbBEs MERANCIIE nBord Buth BE SN,
val 48 ofor3ion. (2 ofie droibddinevihenstaek iraludimptves oahmrahardm@ksmayhe seed

| ayer 120 or the conductor 130, a barrier layer 115 may be needed to
prot ect USR Used- i nsul ator 103 and the underlying layer 102, including the bond

pad 10410690} €xamyf the &tBR sale&wty%ffthwsu@mr 903 o BREGn@eitdiBoRd pagnce of
m d-gap states in Cog per make a“barrier 25 layer 115 necessary. O herw se,
u

Copper i igited lovs 4 huded atehi step (BES) layesmay bajinghided bﬁjWEQVél'r'e pond and

00521 RaSaHF bl e kisuBrb T ot GBS RNYRL Ay TP GRS B 68 RS % ™
opengng GatbidelBIChHdwever| 8iNehad a% witly ahaltee of 6.5 whivtsis releltlwlyéngl‘f r om t he
30 range of apout .50. er 115 s ou

provi de S§cnalt %VWHY%Q@tBB?'hS‘FQA{'Eﬁg%%Lm " GO g '%%35% s MgVIes <M S orre
cases, e%\%lg%'&?%& pe ttS%ISgigte ng%raéé%r If fefred1aR étél%t@ﬁ lhjsr ey 8% may be
with an even lower value may be used to minimize the capacitance of the overall
dielectric stack structure. An example is HOSP BESt™ from HEM which has a k
20  with a value of about 2.6,
[0031] When certain materials are used for the seed layer 120 or the
conductor 130, a barrier layer 115 may be needed to protect the insulator 103 and
the underlying layer 102, including the bond pad 104. For example, the high
diffusivity of Copper and the presence of mid-gap states in Copper make a barrier
25 layer 115 necessary. Otherwise, Copper may diffuse into the insulator 103 or
underlying layer 102 and degrade the carrier lifetime of a semiconductor material
such as Silicon.
[0032] A barrier layer 115 is formed over the insulator 103 and in the
opening 105. The barrier layer 115 may have a thickness selected from the
30 range of about 50.0-600.0 Angstroms. The barrier layer 115 should provide good
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



the barrier layer 115 outside the opening. 7 WD 2004/001814

PCT/ US2003/ 018669 [0033] The barrier layer 115 should effectively bl ock
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[ t
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TiN, or. T ten-Nitride. .+ [ 003 I n, one enbodi men t barrier
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i nsul at Qieadfich,amth Bie sHRMBYraM2Y, tRd cdiddctorl FBRARE isulatot 183,wrehéyi ng seed
| ayer 120. Such a bilayer may have a total thickness of about 150.0-350.0
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barrier 11 e ' i 0 S; ct ratio
Cacpt n -IOR¥A] ) *orm BAFEH e 1S Bl e ot Rt A ine bR aRtERE ) Dy ca
vapag d&@?&bﬁ\@ﬂ?ﬁl; fﬁﬂb% a§'ﬁ9nt&ﬁ1rﬂ€bﬁﬁ bt af all‘lnlt,_eﬁdoiﬁ! asmf ltdmi??t-ngstelep
coverage_t han ot her techniques, ,such as ion s er,i. or

| ong-t hr@w@iwﬁ ewwcﬁupé)ase“ﬁaﬂt%mﬂﬁaﬁeﬁﬁ? Lglﬁ apdalym- H'COP'- W€ ncl ude an
| NOVATM p@)ﬁ‘rﬁ NRNiS ; ' i ystem from Trikon
Technol cg?gﬁs 'antgﬁgﬂn Ent P%?‘g@éﬁ?ﬁ&@%ﬁ altgggwr\bel\([:)?mol ogies. [0037] In

certai n[0638k, a rntane-ambedimentiite brbEvinyairidSevey ingude atoweslayet o f or m

the b ' 115, T ' t d
sur f aced!deN FLEGR 44 Ball i ERURISES o AR o RREL £ 32" o oo
covesageydherd' o/ fld svaRath sdbd 1agér 1IRISUBRYa bitayes ehay BaveBEMal thicknedss a
NEXUSTM system from Veeco I nstrunments. [0038] Alternatively, the barrier

| ayer 174 abgyt $800398 AngsHgmet oni ¢ | ayer
[0036] High directionality is desired for the deposition of the batrier layer

115, especially when the opening 105 has an aspec’i ratio (depth : width) of about
6:1 or greater. The technique of ionized physical vapor deposition {I-PVD) can
20  deposit a material with better step coverage than other techniques, such as
collimation sputtering or long-throw sputtering (LTS). A tool that may be used for
I-PVD include an INOVA™ system from Novellus Systems, a Sigma® system
from Trikon Technologies, and an Entron system from Ulvac Technologies.
[0037] In certain cases, a metal-organic CVD (MOCVD) process may be
25 used to form the barrier layer 115. The precursors used in MOCVD react on the
exposed surfaces of the opening 105, rather than in the gas phase as in CVD, so
coverage is usually good. A tool that may be used for MOCVD includes a
NEXUS™ system from Veeco Instruments.
[0038] Alternatively, the barrier fayer 115 may be formed using atomic layer
30 deposition (ALD) when a thickness of about 100.0 Angstroms or less is desired.
~ ALD can provide good step coverage and good uniformity even while permitting
- the use of a low deposition temperature of about 200.0-400.0 degrees '




30 deposition (ALD) when a thickness of about 100.0 Angstrons or less is
desired. ALD can provide good step coverage and good uniformty even while

perm tti ngwd hReneg10f a | ow deposition tenperature of aferHs*05e1956400. 0
degrees 8 WD 2004/001814 PCT/ US2003/ 018669 Centi grade. A tool that nmaybe
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typi cal l ' (‘atngdeg 0-2,500.0
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desired,, the rrier | r 115 and the seed |ayer 120 may be sequentially
deposite'ljl"gl]ﬁl&‘%!ﬂgf@f?}'%‘%ﬂ in a tool such as an Endura(r) El ectraT"' system

from Apgbbgg) Mat ery b;s;eed 298/ €20 Wn&lh@e%@t&ts‘?fch%bﬁpéﬁ oP‘éfn

subsequent | y” f or me PVD,  Dbet material properties and surface

charl@ct elioyt The sead layer420i tepicallyf has a taicknessdpiecied frvm afrange of abauf ayer
120 is f ' The seed |l ayer 120 nay also be forned with ALD or
el ect rolﬁﬁ?@‘p%g%h[%o43] A conductor 130, is forned over the seed
llayer 13004¢4F showWhd sedtllayenPRolnisite dopddiedrtsy 11°VD) espécalbontentios 130

includes a material that is electricall éyconduct i ve. The seed |ayer 120
and t he copdygtard30isto hapubsequantiydormed hy elrctroplatingatf slasifed obher r om

e o oL BVehLTs ol SR BB 128 Y Sllbdony KEoRRaRL e S 1o
def ¢8t s,vaguaim insa tool dach asamEndura®rilesisa ™Asifstan dron égpplied Materiaisonduct or
L R 2 e o Lok AR BB Sy o
better material properties and surface characteristics may be achieved for the
conductor 130 if the seed layer 120 is formed using CVD. The seed layer 120
may also be formed with ALD or electroless plating. _
20 [0043] A conductor 130, is formed over the seed layer 120, as shown in an
embodiment in Figure 1 (d). The conductor 130 includes a material that is
electrically conductive. The seed layer 120 and the conductor 130 may be formed
‘from the same material or from different materials. The conductor 130 should fill
the opening 105 from the bottom up. When completely filled, the opening 105
25  should not have defects, such as voids, seams, or cracks. Adhesion loss of the
conductor 130 or interfacial reaction with the seed layer 120 should be prevented.
[0044] The conductor 130 may 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.
. g -
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el ectropl ating 15 sol ution re usua organi c an I ncl u unct i onal
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adj ust edy L i § SERYESulioh. [ Oferwise, defects, such as voids, seams, 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, Chloride, 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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mat eri al s. 5%25%9 The ?ubstra.te 00 gag be hFI_ In a carrier attached to a
head of 2OMeHEsapcagian (Meghaniralfomes) and dinsqlutign{chemic@l 8F a platen of the
CcwP Syst&@btroéﬂlﬁﬁicéﬂ"eaf&ﬁéﬁsc)gn ytﬁ@o;ﬁ’tirﬁigé& t@%ﬁhé‘ﬂﬁﬁﬁaﬁﬁé‘@r PAdcERy apply

mechanical forces to the detor 130 on the substrate 100. The notion of
t he 19eaddiffatend meatedalsot i on of the platen may be rotary, orbital, or linear.

o Lernatjogghy: ¢ NorRAL. ARG 00 TRAC e eldnf £3RGE ahBoNdF1PhAbER orsuCh s
CMP system. A pad may be attached to a table or a platen of the CMP system.
When the head and the platen are moved, the pad may apply mechanical forces
to the conductor 130 on the substrate 100. The motion of the head and the

20 - motion of the platen may be rotary, orbital, or linear. Alternatively, the pad may be
moved with respect to the platen, such as with a polishing belt. A slurry may be
dispensed on the pad to produce chemical reactions with the conductor 130 on
the substrate 100. Abrasives in the slurry may also apply mechanical forces to the
conductor 130 on the substrate 100 in conjunction with the pad.

25 [0052] 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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d ol d C\VP
t ool . 4)[6]@’)(@5% SI ; eeﬁ%%ttﬂ‘ééﬁp%%%@aﬁw&em%&? d&@ﬁ%ggﬁ% ‘\ézM'P quy(ajl?? may be
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| nstruments or a NanoSpec(r) system from NanoMetrics. [0055] A stand-al one

t ool15us dasirgmeniror %&lam&eesﬁwysm fmnwgﬂen«ﬂﬁmcem Appl i ed Material s.
Al ter natioyeky ., a” A ef@?fé&bﬁﬁ t&&%‘sea chééaa W%Egst@ﬁ?ﬁorﬁef I exi onT™

syst em from-Ap erirals or er e syst em
Appl[ed Materlals Alternatively, an mtegrated tool such as a Mirra Mesa™ or a

Reflexion™ system from Applied Materials or a Teres™ system from Lam
Research may be used. An integrated tool may combine CMP with related
20 process steps, such as a pre-clean and a post-clean to result in dry in/dry out of
the substrate 100. Consumables for CMP, including pads and slurries, may be
obtained from various sources, such as Rodel and Cabot.
[0056] According to an embodiment of the present invention, a combination
. of afirst CMP process and a second CMP process may be used fo form a raised
25 contact for a substrate 100. The first CMP process performs the planarization
while the second CMP process performs the recessing.
[0057] The first CMP process 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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Research may be used. An integrated tool may conbine CMP with related 20
process steps, such as a pre-clean and a post-clean to result in dry in/dry
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slurries, may be obtained fromvarious sources, such as Ro eI and Cabot .
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‘[0061] The first CMP process may include two or more steps. In one
embodiment, a first step, having a higﬁer removal rate, may be used o remove
20  most of the overburden of the conductor 130. The first step may be a timed polish
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 oron 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



pressure of about 1.0-7.0 pounds per square inch (psi). The renoval rate
for the conductor 130 nay be about 1, 000.0-14,000.0 Angstrons per m nute.

[ 0061] Thewo t@i/odabR process may include two or nore st aasSyudoIAIL669
enbodi ment, a first step, having a higher renoval rate, nay be used to

renove 20 nost of the overburden of the conductor 130. The first step may

be a ti e, Md Sap ofRY Py $95'1< iAfh&kbddvby theSsHaperBTthé BpeniagaiDsa N
paraneter, such as thickness or eddy current. Then, a second step, having
a | ower Framx@mpleathe plugdRSarawbe atpost coestied if twpopening J861s AeVidekNGri nut e,

may be Lear the d : over the upper surface 108 of
t he bar ﬂ:ﬁgg 1?§J§?§%‘f§ \%%ﬁ%g‘i‘%’ﬁéﬂﬁﬁg '3 %?’gﬁgﬁ 25 to the insulator 103. The
second q06p3ay beAruhdesithtietdp@rashiedl chadgeitinit mapidssit.frdm timfirst

enbodi ment . the second step I ncl ude an overpolish tipe or,_an

over Bol (GHPHRIOGERS Hydshisaet this plug, t8% Dishiag CERates.a CGRTeSSIFhIBRNt on t he

barrier oA oA ' i te platen
or on auﬁé%é%g{%é%%g&sojgfﬁ%%6ﬁ%t§€ﬁ%g?&t@nt§\%y@§?g?ﬂgsﬁgltﬁe??) etﬁﬁg conduct or
1%30 acr O?E)Ublatislel:bslthﬁtﬁr%ﬁﬁiing;im@uwmml (on@iﬂémwommingdﬂﬁace 108dof tﬂe
arrier W l eave behind a u 135 t is,.inset or.infaid within
t he oper[paégflo& ddisBiRginay eéi'i‘P"@rP%rY&%h@r’ita Pngqépdﬂﬂba iarg@r)' ll.’atefﬁL pl ug

i ncl udesy; t idrPYBhe k&t | 240

2004/ OO%T%H%%T%/ E’rgo 003/%?@%%“9d 115?]9%{%% %rﬂa ergg?ﬁt‘ﬁig dr?ﬁlgéelggﬁs{ts. i nfl uenced
by e gidipbedupphesafacd 77 ebthe plag thabizapproxinatelyiali@nddsvelayithdea post

tud if t i 105 | ' T ie if th
openi ng UppS" sungeg ABR g Bamer e e dtrt s et S PR S B nRRY e
nay resdmbddigient feFiduratt (6. OVWP process is dishing of the plug 135.
Di shing creates a depression in the wupper surface 107 of the conductor 130

wi t hi n [0@6%] ug 139 qtherurriesimbledpppgrephicebshangs Wet may restih&osuieoundi ng
oot Py el G RRR S aaPRRTh Al ORI BB TRIGHARE <Cver e
fir$s ChRisteocessayiBy opphdsaelatvé it tHe hatgridl irsthedield pegios Garfaeay 107 of the
Fhebar 05 ThGGBAIE 15 A 13748 Haeh RIRBBSIooEs IRAASH AN I iR nent. | n
Figure petden 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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[ 0065] Another undesirable topographical change that may result fromthe
first CMP process is erosion of the material in the spaces between pl ugs
wWthin a o &hsdigry or array 137 of plugs relative to t]{@ﬂﬁ?zh&f’dl@d@' n the
field region far away fromthe cluster or array 137 of u Erosion
creates a depression in the spaces between plugs (with| n the cluster or
array 13jphgggl at Vﬁnbﬁqﬂé‘atrﬁéht%f 4 é‘trﬁétﬁuh 1t?ddjacdo‘?&h§'tott%‘bfés‘éﬁtt he cluster
or array 137 Er osi on may resul e partial conpl ete renoval of

t he bar rlneenttmytsraiaci.%hown imElgwade(sg)b'étne\BEucturmQﬂmgteludes Qplugﬂéés wher e

the b ' | g 1 b ' furth t

removal 1 auiistate 1o 1 g arodmencna it A8EmaY forr &ked Bledieen ¢ ne

8'6:1193 QR |ﬁP9§ét°J‘S|gﬁ¥l tBeoff&Jt%u’ééf@%@nfapfrémcbtbﬂn@rpétf 1@4ray 137 having
sel y- packed ugs w aces between the Pr oper

opti @ zagarmect tqmacﬁ'mremw@a@sm a0 undedmmgﬂayertl ofittief er ence between
t he rem)%ﬁ) rai Oqf 25 material in the spaces between plugs within a
cluster 5 %3 37 of plugs and the renoval rate of material outside the

cluster [@o6e]ray 183%uRdblelshef mh)Bedelditeeto hborplisita RIR pslighess has been

done, a second CVMP process i's uSed to renove the barrier |ayer 115 outside

the operselectivis ffarH@pthéh@bgrrﬁﬁéayanﬂdémobmepwlat@h183 relaéive tetheat or 103
bel ow t klf‘odfﬁ?t‘:gr 3¢ e oi':Ql? sgleﬁetﬂfy &*tﬁ@ ingslidBP1085o fHE %cgﬂ;tm Fyroodi ment

in Figure I'n on enbo € barrier ayer may al so be

rengged rha Ihnaaemretvemg@t/alub@f sbdeidil ar gréatehdn MnegamBSdlnimtt\/t@emny 001814
PCT/ U82003/01 068] An enbaq (’ﬁr:aent of a s ructure ]_E rding to
the predBaY N q ﬁt‘ st &vgts ag i3nd 5‘&'?‘8 exingA9entt h‘%P %‘%9 1000

| ncl udeqbrlnisy BSAmMGfiufh PYRRMR NHASH) SfaPbgaRidasliRansystole, pl ug 135

may fornma raised contact to permt’input a si or output of a

signal  fsush asCiidnacigétotassiu Gttrmt@ot«%ﬂee@echm fél@t-‘vlgﬁén%k’ alsodye incliderdce in an
under | v kY8t odRDefls LB SHASHIAL bl AhoLPOPR AR sty v My be

selecte 0 acc oI|s AR arrier
| ay 46 llpﬁeamtthb@elnemﬂoatdrdet@ﬁsr elative to the conductor 130 The polish

meercye 10b10Eof "2l bRkl ko SSoSRIEUR RackinialolRbale) S )
| ncl ude j81a10r A9BMAcludy abI@Ty pH dfEbouR BD-42 DOERIAY MSwRAEBE abdiie conpl exi ng
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 insuiator 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
15 o




agent may be Ammoni um Hydr oxi de (NHAOH) or an organic acid/salt system
such as Citric Acid/PotassiumCitrate. As needed, a biocide may al so be

i ncl uded. why Jo8d/@higel y soft pad is used to mnimze thepdRiRYH 0189t he
conductor 130 and to 15 prevent the generation of defects. [0070] Typi cal

paranmeters for the second CWP process to recess the insulator 103 include

a slurr ycmuﬁénmba@n%té?s Maydavkyb b dptiniEed ® aéhi@iHe dddied0- 350. 0

mlliliters per mnute, a platén rotation of about 5.0-85.0 rpm a carrier
r ot at i onP@ishesrlestivitios aswl polishrremenal Bt i sh pressure of about 1.0-7.0 psi.

122 Lo B Sl bR R

m nut e. eslurry p
pr essur eAngstrdras pebminuté.if tife fleldsegioarfdr fay fronethe oledtec ot sirray 18hef pl at en

b bout 0- 140. f eet t at 1 f d
Fromba. [MOR: Tt BY4Tiar uhnes Sotfebo A40 o suistar 1A% meN i e B8y or o
1act Uri 4 oG AP 3LI8S 112 of ¢ A IE 1 iRlof e Peatitsul ator

103. cases, the secon process may be followed by a
post - cI ewithinsuclhstes oaaﬂ'aydl?ﬂ ofrplwgsacﬁxtmraiefnrm@ a&fodationmmtsidedher an organi c

d f Th b | ected f t f
about 2. 9URBR0r ErBy 137 ol o dm BiosE RBRRR, S IO AP SUgaRE TTRGER on, ¢ he
i nsul at opsdRAM338 Whmtr@ @M@ﬁorlu;sﬁar su'rf‘aéé 948 dtithé fitubstor 163, | ayer 115

as shown in Figure serve as a polish stop | ayer when using CWP
to pland00Z4] t he d:&mamtngthmlosulatmrﬂaﬂwvltme;ﬂaagndWPmenesanﬂéyu nsul at or

100, " The 8GR E5F iidrcet 2§ tng ol T e R00B I bR hRtwdc e Ot rat €

PCT/ US2Gy3t le%ﬁ@& u‘b@@ﬁ' BhﬁQé@ 10N &f B @ﬁgtﬁd&hmcbﬁ& ﬁohﬂaétﬁup}ﬁéﬂ mzed to
achieve the desired polish selectivities and polish renoval rates. [0073]

The recdskiasg 108 ef tbe pﬂu@ﬁﬁggrrasmndm m@us@raﬁadmn@m &andygtero

157 of BRI ek helpfoiged sRedeidn At cBeniRGed RPIRRETRIE 105 ay

di ffier iuppgesisgitacé M0Mdfkiee pligerin die Ullﬂsﬁrofwh‘hglclaﬂdﬂ)l@tjjsthe i nsul at or 103.
Interior refers tog a location wthi a_cluster or array 137 .of

Ext er i ol0PEPkr s tCR%Q%EQ(PféhedﬁﬁL@ﬁitﬂéW%é’O”@'W‘éflih SiniERizg ﬂ'i@'?’ngpl}]pl ugs.
I'n most (Ga%BRduLBP130HRHNRS aHRR ProfiibAeFtHblAug ™35 Mbove 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 1092 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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i nsul ator 103 is higher than the exterior upper surface 112 of the
I nsul ator 103. 10 [0074] Recessing the insulator 103 with the second CW

process mawQ fwdugeist he thi ckness of the conductor 130. dhgyshodsigsence in
hei ght 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 t hi ngebbasesd HbiiHing &Bthe dbrithichst 130uHdplodusy® hdpshlx R relief t he

extent needed to planarize the 15 upper surface 107 of the plugs in the
cluster d82array 137 of plugs. [0075] Recessing of the insulator 103

conbi ned AW m ni &9 b= r ) et

pr ot rusi qu{jfj thelﬁégﬂ‘é@hggt%aﬁﬁéh% E@Bﬁ%@#{q@@%?%ﬁgﬁ%%&géggnpef 122 is

tlhe agggmsujaﬁth@mmli aﬁia@mmh wi’totdigﬁnﬁaowubm@JHmmcb liiiggaﬁfomﬁohgge_ 109I of the
u rejative (0 | eri or upper sur ce of the | nsul at or

Dos” 4 ne Brattsmpler GHRP)A 1041 R o BUITRNSIOR " SYREET Tom UEses, 157 of - pl ugs.

The stemmugﬁgnté?,ﬂa*getdg@damunt of protrusion of the second polished
upper surface 109 of the plug 135 relative to the exterior upper surface

112 of t [@078]nsul albe noognalmelus fasithe plugrreliefdl 22 ey da eaiecied fioaethene

osat | ontPgR el 3gPlos3 PYBREARdatFars Bhile HEELBR I SRS LY SEE L g, The
oxi de rehkight 124 sy isk sélec@adfforadhupatyd dieatsiut @00IBEFN0.0 Ahgstrans.Ha pl ug

relief 122. [0076] The plug relief 122 and the step height 124 be
af f k& edoRg embogifpeat of fgﬁ pregandrventiap; IgiRlya reliet |153dnag§eﬁtai>PH’f g@ﬁ@r ty (the

spaci ng At hi Y/ sand the
gl obal pgt g@%ﬁﬁ%‘ﬁ%@%@%ﬁég%@%@S&%@?ﬁgg?ﬁﬁﬁéh%@ 2@@}"(!)? arrays
et rover Soaeng Batwan ol has T35 To V. 2008/ 001814 PCT] US2003) 018660
decrease§°Pﬁﬁ?’ﬂ%ﬁwﬁtf?@eaﬁotﬁi‘a%. U@?E’Pt 153) O2’nd produces a smaller plug
relief Eo%?fg][0077111 MBSt Rlded iRl b réi%gn%hfdaﬁz 5& 8Bnisid ot fighty be

measur ed" an visualized wth an atomc force mcroscocge (AFM ©Or "a
hi gH&r esthianttherstép peight 124dhaeneritPihe step belght 4d4ishauldandl beemerethamM syst em

Ler et 1580ukal e % BEMeendial RS of heHSthatb? 103 °ThiS, mitfintkhg/ 6 e P! U9
oxide relief (the difference between the plug relief 122 and the step height 124)
potentially permits a desired plug relief 122 to be achieved with a thinner insulator
103.

20 [0080] After completion of a CMP process on a substrate 100, defect
inspection may be done. A tool such as an AIT system from KLA-Tencor may be
used. As needed, a scanning electron microscope (SEM) may be used for
characterization and identification of specific defects. A tool that may be used
includes a SEMVision™ system from Applied Materials. Automated defect

25 classification (ADC) may be provided by post-processing software.

[0081] Defects discovered after performing CMP may not be directly
caused by the CMP process. Instead, some defects may have arisen from an
earlier process, such as during formation of the insulator 103, the opening 105,
the barrier layer 115, the seed layer 120, or the conductor 130.

- 30 foo082] After the second CMP process is done, the protruding plug may be
used to form a raised contact for a substrate. For example, a first raised contact
211 for a first substrate 210 may be interconnected to a second raised contact
221 for a second substrate 220, as shown in an embodiment in Figure 2.
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range of about 300.0-3,200.0 Angstrons while the nom nal value for the step
hei ght 124 may be selected fromthe range of about 400.0-5, 700.0 Angstrons.

In 10 one eybadyomBis Of the present invention, the plug peliu€hoilRgstey be
about 700.0- 2,200 Angstronms, with a range across the substrate 100 of | ess

than 8.0 %while the step height 124 may be about 1, 100.0-3,800.0

Angstrorrfooa@]th a AAIRbodIRTehS &f 4 BRUSIURS 20O @cdSldinf td theprédwit about 12.0
% [0079] In nost cases, the plug relief 122 should be controlled nore

tightly Inventiopjs &lae sbowp in&igie 2 e striqeieceQl0 inchidesteiishisisast 124

nsul at orodSt ZH fur St fts 2R3tk RRoRbER P SHAELEBRLC between
the pl ugctistace221 f# assbdrides iistrte'22@h cheembpdimt] taklriispadicontt a desired
pl ug reI ief 122 to be achieved with a thinner insulator 103. 20 [0080]

Af t erd codbt eermits sipul otamsighal de o8 avipy of ignalifomopboad Padid4 nspecti on
be d b d. As
may be dafenedfud ?&én%%ﬁ{,‘e BrecfoF a“shéfv.éé’ﬁ{ §@E}Q§8ﬁ" 55&)@3@? gﬁé( e use

needed, a scanning el ectron m crosc
char act esmhsitatemend identification of specific defects. A tool that may be

d f d
3:$ect 2@@% Ssi fﬁfgm'%%'%gggé; Stﬁer?w@%g é@ 199*"\‘/%6’& b’i)l M&itﬁ’m&gftmre.
[0081] % Bﬁbéﬁ‘&%@ beézf‘iﬁ bepﬂé ect gﬂfrgagg(g%%ﬁld&%h Bodd, S‘El%ﬁ' y caused

by the process. sf ead, ave arisenfroman earlier
pr ocHks, usdadirabie mpoglmafﬁm!rcaanges afaytbeecaumdlla,{@ushmserctslm @peni ng 105,

the barrier I e ayer or the c 0 [0082]
After eSS G R fobopfifEica iahsieantar s ARY A B ed o
forma rme?@é mea*s@@u érﬁrvuauéuzl@atw;ﬂt@n AFM of ¥AHRR, AQoéllsfu%h dsad sed cont act
211 for a I rst substrate 210 may be interconnected to a second raised

contact Dppansiep T S¥ekerB(tpra Ypece JeErumentsasay Rwsern B tepassepiERk | n
Flgure Ze 006t A& A ineELAPLALERAEY doRATS] suth RrReguaent of a

h
structure%égg\ggccordl ng to tﬁﬁ present invention I's also shown In Figure
2. Tie ssaraicheseand@oidsnmiayddso laemerﬁureda.l sed contact 211 for a first

SUSt B3P .t A SRS ol R B 18 RGP o
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

18




5 211 permts input of a signal to, or output of a signal from a bond pad
204 connected to an active area of a device in an underlying |ayer 202 of
t he subst & mofddsiel 0084] The interconnection between theridosadsqaont acts
211, 221 of two or nore substrates 210, 221 may be degraded by

t opogr aphi cal changes. Such 10 undesirabl e topographi cal changes may be

caused bytrgdtafds'dhd ﬁ:,ra@érkeenn oRé or ﬁ%}éuﬁfd@ﬂgﬁﬁqayé‘rswwsuﬁﬁwé 9p0gs aphi cal
consequences of dishing and erosion e neasured and visualized with an

AFM or afregiethendesisd t@n@ﬁre@bydn ﬂh@mbﬂmwsdmmwwedn@t r urrent s

Hﬁgoegrgﬁelf ;tja;@'?% é}%ﬁ%hﬁgﬁﬂef%éfz Uéﬁi%ﬁs]crat c&gﬁﬁ H@ al so be

measur edfloat e{!@@tﬁE@llyThmyimmgrmindedltueprwmt pardsmcrmgaoﬂﬁnm dgnm@l ief 122 and
st ep el&at 124 %Hgaés t he subs te 100 be affected by erosion.

Er osi agjgn of Vie@ inhipe gs outside the cluster or
array 1360@‘3 Pl UQSMaﬁp%mmn&' nnﬁ‘ﬁ)érdﬂsf&&élhé h&v8 Bé@q keryprthonal  pl ugs

(in the ralsed contacts 211, 20 221) 1n size ape, or layout. In one
enmbodi neakgve ime:rdantwpq@m;@w thogoughignderstandinghef merpressemaquyltlogsooen t he

d b
oo SHIEE e yicPhiedate it Mibuaf Y frelneb 1§ on AT BB O
Peogs mroauElyppRbaniodo cther midinienta Oeskifedin et wmsa'fmaap?mfgageggr 0

| S| | u SS
[ PO e Rty Yo Mraked Ao B caUNG S5t SLRa AR fo tons SREPIBBIRTEN, va. | ous
par artet asipoebisd theiibie, GEBTANIE, GRGRbsabdhsidh,. IWsdbibe Lhi ckness) of

the substrate 100, the flatness of the substrate 100, the co-planarity of

the subsendarstoodghatine c{etelledoré%aqnahgn @f thaq@reisantmw@wmn shawd beitakeme rai sed
t act
oo e Al e and ot ARRY, e Sl RBIA I Ppeck TP FBLARS 02,

in the fhendétertninsd bﬁmclaﬁnsﬂetfcﬂlmhstrate 100 In a second enbodi nent, the

dunH% pl ugs are connected to other 18 WO 2004/001814 PCT/ US2003/ 018669
ructures and features in one or nore underlying |layers of the substrate

100 to <create the desired topography. In a third enbodi nent, dumry pl ugs

i ncluded in

[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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two or nore |ayers may be stacked vertically. Dumry plugs, that would
otherwise float electrically, nmay be grounded to prevent parasitic
capacitance during 5 operation of the device in the underlying |ayer 102.

[ 0088] Many enbodi nents and numerous details have been set forth above in
order to provide a thorough understandi ng of the present invention. One
skilled in the art will appreciate that nmany of the features in one

enbodi ment are equally applicable to other enbodinments. One skilled in the
art will also appreciate 10 the ability to make various equi val ent
substitutions for those specific matepgals, processes, dinensions,
concentrations, etc. described herein. It is to be wunderstood that the
detail ed description of the present invention should be taken as
illustratC@M&8nd not limting, wherein the scope of the present invention
shoul d be determned by the clains that follow 15 [0089] Thus, we have
descri bedta MBEPYFOBPISNGr ni ng rai sed contacts for interconnection between
substrat es and apstitings fissubanateng such rai sed contacts. 19° 20 CLAIMS 1
A et hod conprlshmgmgQ{p¥mﬂhggygmg%£§$m§ggstrate form ng an insulator over
said first substra ormng an opening in said insulator; formng a
conduct or over s"BN AAPERPHP SEABSYIFOTS 4 o openi ng; renmoving said conduct or
over said insul ataning\h tdmdectdriore baid Ineutdatarahd mesilapdnihgl pol i sh  process to

| eave said condummng & %h&cfapa@h%ma@aww@%;ﬁgghgﬁ,cehﬁ\sbﬂaq.caraolgnper

surface that is flat; ucli n ness o Insulator with a second
cheni cal - PrECER&iR24e S”’ﬂﬁ)‘loi“@ﬁt‘” ﬁrsé'ﬁ' gring sajdpRAuEtorhayine JbYRREFHERee it Bai d
opening tatforma first protruding plug; and interconnecting said first

brot rudli ng PLUg, Wik SSERNARY LT AGh Blebi A SRERAL SRSt r ate. 2

The met hod of cl a|n1 rein sail tor. conprises a Silicon Oxide. 3.
The met hodOoBFs LIPS GpnekeeTin waid epepipgtg fagp Brf"SEEfPFBPI”Q Y@ ow- k material ,

sai d | ow k mat er inconnecting said first protruding plug with a second protruding plug on a second

substrate.
2. The method of claim 1 wherein said insulator comprises a Silicon Oxide.

3. The method of claim 1 wherein said insulator comprises a fow-k material, said low-k material
being a material having a dielectric constant k with a value that is lower than the value of k for
silicon dioxide.

4. The method of claim 1 wherein said insulator comprises an ultra-fow k materiai, said ultra-low

k material being a material having a dielectric constant k with a value that is lower than 2.2.
5. The method of claim 1 wherein said conductor comprises Copper.

6. A method comprising:

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;
removing said metal over said dielectric with a first chemical-mechanical polish

* process to form a plug in said via, said plug having an upper surface that is fiat;
recessing said dielectric with a second chemical-mechanical process fo form a first

raised contact on a first substrate from said plug; and




being a material having a dielectric constant k wwth a value that is |ower
than the value of k for silicon dioxide. 4. The nmethod of claim1l wherein
said insulator conprises an ultra-low k material, said ultra-low k
material being a material having a dielectric constant k with a val ue that
is lower than 2.2. 5. The nmethod of claim 1l wherein said conductor

conpri ses Copper. 6. A nethod conprising: providing a bond pad on a first
substrate; formng a dielectric over said bond pad; formng a via in said
dielectric to uncover said bond pad; formng a netal over said dielectric
to fill said via; renoving said netal pver said dielectric with a first
chem cal - nechani cal polish process to forma plug in said via, said plug
havi ng an upper $uertamoestibdsid firs rdised tontacbgthsisiecrgd sdded celitel @cd secandn t h a
second chegupsgab- mechani cal process to forma first raised contact on a
first substrate fromsaid plug; and 21 interconnecting said first raised
contact with a second raised contact on a second substrate. 7. The nethod
of cl ai m & flbe Mhed Jolior § Bitmgconfippising:ng a barrier |layer after formng said

via and before f @4 badbdhyBRE@! fomidaiaLBIRY bdide Rithiy QAT A8l arlgdyer over

said dielectric after [emyl n% sai d rr&h_al an%bef ore _recesmqr:lt% sai d
dielectric. 8. THE"MOPRBYCEYS Bydions FagAreicereriegoingser mal A L Sechani cal
pol i sh pr seessing eathflielecties a first step to renove nost of overburden of said
metal over said dielectric. 9. The nethod of claim8 wherein said first
step is a,tiped poli.sh is.controlled by in sity mnonitoring of a

t hi cknesss‘obﬂeg'ﬁetg%‘:,ﬁClé'ﬂ'roﬁ‘%rf‘?f?'" T@.ﬁrsf'ﬁée"}*@{"ﬁ%caa fal %ql]j'%\'i PO SSFPAPETR o5t d fi r st
cheni cal - sfecleagmaya mogol dvetpupemdfesid meta tveesaid diabeviici ses a second step to
clear said nmetal to uncover said barrier layer. 11. The nethod of claim 10

wherein said _second.sten i.s a tig olish or an endpoint polish. 12. The
met hod of &clﬁiyﬁ 'H?tgc’dgolﬁ '?'H‘erWI'E?Eﬁ‘Ppﬁﬁldg'FsgagpFS?’WF%@O" %rése‘ﬁgtroé{%t?ﬁﬁf'f”er form ng
sai d bar riretitofingypée thighepsperfapreddfayrrenitng said netal.  13. The nethod of claim
12 further conprising: formng said netal over said seed layer with

el ectropl A

ITﬂg method of claim 8 wherein said first chemical-mechanical polish process further

comprises a second step to clear said metal to uncover said barrier layer.
11. The method of ciaim 10 wherein said second step is a timed polish or an endpoint polish.

12. The method of claim 7 further comprising:

forming a seed layer after forming said barrier layer and before forming said metal.

13. The method of claim 12 further comprising:

forming said metal over said seed layer with slectroplating.

14. The method of claim 6 wherein said second chemical-mechanical polishing process
comprises:

a polish pressure of 4.0-6.0 pounds per square inch.

15. The method of claim 14 wherein said second chemical-mechanical polishing process
comprises:

a linear velocity of a platen of 20.0-140.0 feet per‘minute.

16. A method comprising:

providing a first substrate;




14. The method of claim®6 wherein said second chem cal - nechani cal polishing
process conprises: a polish pressure of 4.0-6.0 pounds per square inch.
15. The met hod of claim 14 wherein said second chem cal - nechani cal
pol i shing process conprises: a linear velocity of a platen of 20.0-140.0
feet per mnute. 16. A nethod conprising: providing a first substrate; 22
formng a dielectric over said first substrate; formng a via in said
dielectric to uncover said first substrate; formng a nmetal over said
dielectric to fill said via; renoving said netal over said dielectric with
a first chem cal -nmechani cal polish pegcess to forma plug in said via,
said plug having an upper surface that is flat; recessing said dielectric
with a second chderinppal-digsctianiecsdd fipstedssaet o forma first raised contact

fromsaid plug; aaﬁl..nbatv@rrpégmmwe%@@mréa\drf’ésttstefra%@d contact with a second
rai sed contact on a, secon supstrate tfﬁ'% rmt |nput or out put of a

signal . 17. The r&P84 "l‘ﬁag%"%?afﬂ MR & Vigcessing said dielectric
results in a pl ugemaingedid vftaizyesaid disBOTIOWER 209 cierdeagebehensal pd8h The net hod

of clai M bBcses itk SIRAESH W s8@bidy AlvRl 8F LideFsiBSihdin b @ Step hei ght of
about 1%08038005@ 6] s8@bily R &R Lo Bt

ns.
recessing salg glelectﬁ)c 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 a second

substrate to permit input or output of a signal.

17. The method of claim 16 wherein recessing said dielectric results in a plug relief of about
700.0-2,200.0 Angstroms.

18. The method of claim 16 wherein recessing said dielectric results in a step height of about
1,100.0-3,800.0 Angstroms.




