WD 2004/ 001814 PCT/ US2003/ 018669 METHOD OF FORM NG A RAI SED CONTACT FOR A
SUBSTRATE BACKGROUND OF THE I NVENTION 1. FIELD OF THE | NVENTI ON [ 0001] The
present i woend/ansrsel ates to the field of sem conduct or pAMirS2ge3zati8&ci r cui t
(1C manufacturing, and nore specifically, to a nethod of formng raised
contacts for a substrate. 2. DI SCUSSI ON OF RELATED ART [0002] In 1965,

Gor don Moor eMETHOD OB EORMINGA RAMSEDICONTACT FORA SUBSTRAEE unit area
on a chip appeared to doubl e approximately every 18 nonths. Ever since
then, the sem conductor industry has managed to introduce new designs and
processes on schedule to deliver the inprovenent in device density

proj eCtB@CKURUEﬁ\IE‘@rFQ"HE?ﬁ\I\D@N"F%N Law. In particular, mjor enhancenents
in optiTsS an photofithograpny have reduced the critical dinmension (CD)
that can be successfully patterned in the features on a chip or other
substraﬁe. IAED! vV N ONSi gnificant inprovenents in doping,

deposi tiom ased the concentration, depth, and

t hi ckness that can be precisely achieved across the substrate. [0003] As
devi ce di nensi ons proach atom c dinensiogns, the fyndapental limtations
of physFQpep'l\l/i | préé PreRerEdRYSHIoN rﬁlﬁta%% {he field of semilep UGNy  the
peffor”ﬁﬁgﬁr iFc&lit @81 hantir&ttuling, HRVinBRS sPBCIHiEAIS ¥PalmaiRd dfin the past,

i ssues O ggé:aqé?lng l%@@emgatgﬁlerawg@i nvol ved g‘??lﬁer y'?he transistor in the

f r ont - efadmafg raised conl@ctst for apgubséedd.ng or the wiring in the back-end of

sem conductor processing. However, it is becom ng increasingly inportant
to bal ance the scaling of the transistor and the interconnect on the

substrape DIBCUSSION GH REJLATED IRT i nt er connecti on between nul tiple
substrates. WD 2004/001814 PCT/ US2003/ 018669 [0004] Thus, what is needed

is a nethod of formng raised contacts for interconnection between

G ARG b g R areitonal et natg iy SRR PTI O

cr oss- spet unihateavorw ahfip wapeares! to double approximately every 18 months. Ever
since then, the semiconductor 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 dbping, 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.



enbodi ments of a nethod of formng a raised contact for a substrate
according to the present invention. 10 [0006] Figure 1 (g) is also an

i 11 ustratwanoodomEsor oss-sectional view of a structure tr@arusne/us@s a pl ug
on a substrate according to the present invention. [0007] Figure 2 is an
illustration of a cross-sectional view of an 15 enbodi rent of a nethod of

i nterconnecting raised contacts between substrates according to the

present_inventio 0008], .Fi qur,e (2 is S jl.lustratio

cr oss-s@@@i‘l nal CT Ry ’(Wq"%} 'Sggﬁggﬁﬁ@r?%bf’gioﬁg?'jﬂhgg rgﬁgdsq?@é%tgf%rs

| nt er copRgebRtbMohbdtdesAtuBRihAs and 8@taetee Malihd sudmheigydesenithcisnvent i on.
DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON [ 0009] In the follow ng

description, numerous details, such as specific 25 materials, dinensions,

and r O8BFEEHESES| ij gFH?Hi@DQrA%[NéQ provi de a thorough understanding
of t e-presem—rrrvegr@i-un.—mwever,—mw—gkilled inthe art wll realize
that the invention may be practiced wi thout these particular details. In

ot her | nces, _wel | - kn em conduct or equi pnent .and processe ave not
been q@@tﬁﬁ‘bed iﬁ'%ﬁ?ﬁc&ﬂgfa@ @l“?t@ nésoff%cr 3?%:?(;889@{1\('?\“{90%;\’@885%'?3ent

i nvent i gibodind MRl Metlfyd GEfoRMINGS rdissdredntiat forsibstdtrite dexoiding & i vel y
performng sone conbination of unit processes such as doping, depositing,

pat t er nihggyreagat ingemlifmhg. During the fabrication of integrated circuits

(1 on a chip or substrate, transistors may be forned in sem conduct or
material and separated by an 2 WO 2004/ 001814 PCT/ US2003/ 018669

el ectri po0I06] i nsuFifured (gtieaisal an Thistratienef atcovss-segtianiaémicbeofd@red up with

an interconnect systemthat has |tiple | ayers an electrically
conduct?t\'?‘éCtHﬁé\ait H?/C?“‘feespﬁlp %N T#ﬁb'agq @%wﬁ@gﬁp%?rpgﬁ?% i'ﬂ\ﬁe'ﬁ'é’f"eri al .
[ 0011] A higher device density per unit volune may be achieved by 5

stacking two or nore substrates. The substrates mai/ be wired with
3-di renfl087Tdl i nFlgwerdhisansillustiation af asregsosrationat wewodfi@tt s may i nvol ve

rai sed %%gﬁﬁgwg&raafr%@aﬁ&’ BF i @hbRinedity IiSREDnth O BYthBBndRBElAfEeS @

met Hod
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 raised contacts
20 according to 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 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



contacts for interconnection between substrates. [0012] Sone enbodi nents of
a structure according to the present 10 invention are shown in Figure 1
(g) and Fiwvguoe4/@18140013] An enbodi nent of a structure 10@0/wsra43/4186sbudes a
plug 135 on a substrate 100 is shown in Figure 1 (g). The plug 135 may
forma raised contact to permt input of a signal to, or output of a

si gnal dlecinically insulitinganai@dial. doventeen sistorpmay then ibeewized dpofittaadevi ce in an

under | yii | ayer 102 of the 15 supstrate of a

ot uct MBS sistern it des Pk Piscorat sebieafh cpRa fEbATER el
accordlggg)atrgtewtg,ﬂh@equmlcgwﬁ,@matmglrﬁa@hlgvm in Figure 2. The structure
2000 incl udes first raised contact 211 for a first substrate 210 that is

i nt er cd9Q4d] ed t&@lmwlqw@wtythtvmemy Resshinv@ddiibst r at e 220.
In @ne t |t
or Sut purcROETo dhore'sbshAte HTRONATayf B Heiraq Wit S diheibhal® ' C:
a nge\é! Cnateroomectsm'ﬂﬁ&dlm?nfbmyner |n2é}@onhe¢tbenagubw0h/etra|®wcor{tga$51n Var1 :) 8us
odi nents . 0 od of form rai s cont substrate

gccor dirgﬁ‘ﬁ %"@S{rﬁésgﬁb%?{?s‘?we‘ﬁ?” deger 5\ﬁnmeﬂ"qgfﬁ{1 XN fal§eq ¢y 25 and
Fi gur e antdoiSYBEicbA8SidTetvehtuiibsiatéel er having mil tiple chips, or a
chi p havi ng or a die having nult Ich e devi ces. {0016] The

|
substre{106121)0 nayé)@@euembgdlm%ﬁswfawtwcw@mg@r ing{@froBE@seNt may be used in
cases... The s tr | udes an underlying |ayer 102.
g%undBY?R}ti%are ?L}EOSN E‘QE1%§$U‘|&@ a&a&o rg? 104 that permts input of 30 a
Sl gnal [0e18] out palh epdbctlifiednal afstrioatas 1800ithgt iackesfa plugetdscen aThe devi ce
may be actlve or passive. The bond pad 104 may be forned from an

el ect r | ghstipte 48R duishowe imgigyneal (ga hﬁgoiﬁgﬂﬁﬁm%@nwr@@@é&onmh t he
e I 0 ﬁ%@e 2,000.0
,&ﬁgg'?rgfr?s‘?é?%mépggfar‘ g@‘qﬁﬁrfya ?2%&@9&%&3 ngr'gge-rﬂ&ﬁ :9%/0931 u?:l%&a nmetal, such

as Al uneannscted fcogpective afsrdf Uevmedmahwnugerlbmgelayémomytltm covered with
an insulator 103 formed froman electrically insulating material having a

t hiléknexubsi@tedPlq from

[0014] An embodiment of a structure 2000 that includes two interconnected
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-



5 the range of about 5, 000.0-24,000.0 Angstrons. The dielectric constant
(k) of an electrically insulating material nay be determ ned using

capaci t ano® 20neaEsr4enent s on parallel plate electrical staues200388866%he
electrically insulating material may include Silicon Oxide having k with a
val ue of about 3.9-4.2. In one enbodinent, an undoped Silica glass (USQ
may be 18,060000ckngstrtaus CEheveldetricallgesnductivel rmatartal atayuinckele amedatet ers (nnj .
A tool that be used.to formthe insulator 103 includes an Utim XTM
system W‘%&ﬁ%ﬁ!"ﬁ"'@&l%’fgppﬁ?%. [0018] The insul ator 103 may serve as an

i nterl ejgphzyor intigs hﬁMéﬂyingH@}aeltozimaybblda\/etéd @RRaaheuldier 103d pad 104
fromother electrically conductive nmaterials that may be present in the

sane orfarmedifiane earglectsigallsinsulatiaganatesal hadng adbickpeag sesctagsemioo.
Excessi [ rigald ' i ma
degiadel EHERGEEY BBOGES SRGC R TR RigShai, e holebRRes At e O™ ch
t he | i nelecticeallimsukztingdnaishiahnidyebealdetecrminadusing eapaeitericet ors, interline

o5 ot aEESLRBIRIS AT R ol DaGE e U sy TG e G BORSYRURe
transi Sgfiéial h#agﬁinéﬁ%a@ﬁiie%r% e hg\ﬂn?WWiﬂhé NalusRstsout[R049, (hiner | i ne

capacitance in the wring the subsirate 100 may be reduced by using a

| ow k n@mbediaentoan undopad Hiligaglass $UBE) manbe meedifeta deyigewith conduct i ve
tey i . i f Kk
g}? '@' : %33@1&?’%% _o'f EBS[ILSZ%@ nangmelfgrﬁc(hréﬁ.lérfé’él thét h%ﬂebﬁé%?d‘% gmUpLue ©

I €ON or a device w nrules o nm Silicon
Oxi de 2imsoyorbi) Aiopkdiesi arhURInm XM eystent from AppliecdMaberiadd. Sil i cate gl ass

FSG Si , ing k w I f about 3.3-3..7 SG ayf. i

Oci do. pBRIEES rangihe STswr B3 G B9ie A5 ATp MU G Bls RV b AIEOVEl ot vel y

strai ghiif of #aSharkPidl nditPpd @418 Rim iRy distiriban@nduetiveintehalkor devi ces
r oW | s A

wth s esign rules so other mat er | have to be used.
| ow k dihet exayrbe present Bothengdrod er dn diffierentiavals oalayers of theatiedering i al s, or

o o BBy 1080 FSE artitencubBRtgen Tn bk BTSRRI IR | con o de
rI;HC}I/' / 322%2%%%%%%%?%@3%?%?? iﬂ?:%\r?md%?ggé %11?3 tgi“gci:?h havi ng k
with a thelinessre seppnected. 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] Interline 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
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



2.4-3.3. [0021] For a device with design rules of about 90 nm the

i nsulator 103 may be fornmed froma |lowk material having an ultra-Iow k.

U tra-| owwo ef/ensist o a value 5 of k that is | ower tharpcabasznosdife9For a
device with design rules of about 70 nm down to about 50 nm the insul ator
103 may be fornmed froma material having k wth a val ue bel ow about 1.5.
Mat er i afosmva Cartzon-dbped -SilinerkOzide (CR@bl $iPGC) bagingridwitheyvalue blidkouier ogel s
and xengeég In sone cases, the lowk or ultra-low k material may require
t he use barrier layer to prevent diffusion, intermxing, or 10

reacti 0[00\211! h ot hpgr a@berdeahrﬁa déggﬁmmegrm%bwgo nnd, teaRRéustol 398maguch as
Silicon ride (SIN) or Silicon Oxynitride may be formed over the

| ow k obe farmegl frogva kownktraategial hagog 2 uliie-low L&W@Iowbsefw tpa \I@I#emed
h
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using a plasma- en ance

Di anondddwh (@ abb Savimdghe inguldton10aimay bé farpoed framtla 3né1)3rlélrmm>g)hl i ed
Mat eri al

CORAL. T a. CDO I f f
Novel | uitsadime ol erat by Melshials Wb ulrarbvid Sia RSGiviges staboor
2.5-2. Bmapm%maé 'a@%béI@‘éhH@Ie‘P@Qé@ InAdmd &é@eé Me Ib\Mt&rUIﬁé I6&t may be

formed using PECVD includes Orion TM (a CDO havi n% a val ue of about
20 2. 0- mapgnal may requiertheaserd| obgrasr [axer tppravest ﬁﬁgsl% lmj@@awng fO6r m t he

I fs I
201, ety Vel e o 8y AR IGR R, AMERI oy 9L SERAEISIRAPD) | o
Syst emsNitrde (SiNy @r [Bilicre0xyhieiR3(SiAN) emag bevierypedtdver ithes lovak or ults may be

formed froma,spin-on 25 dielectric (SOD). In sone cases, the SOD may
reqwre'%'é"l?é @@t an adhesion layer. Lowk materials that may be forned

usi N a[gapf- O PTREHIUIAIPTOS thiyibé fornfeisgideheiiRaPUbidhddriiomat i o

hydr ocar bon” pol yner having k wwth a value of “about 2.65) from Dow Chem cal
and HOSEEMP) prosgssi A lewdamiateris| thﬁtm@y belfyimeed using@EEasEA- ﬁ@h@(ﬂqﬂdt h a val ue

o E20UbE PG BTSN B AR ol Pl o o
kK with af atsdut.443. a)brwm Apdicdl M}ate‘rnaIsmOﬂEIMALN (®aDO tratvingely withe valad to form
the Tow K Ot 45%) R NTBIRE SstdmS! SUPRIGTIR [ EBY Kaling R wigh %O
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 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 Lid. (TEL).



El ectron Ltd. (TEL). 5 WD 2004/001814 PCT/ US2003/018669 [0024] A mask is
defined in a radiation-sensitive material called photoresist 101 by a
phot ol i t hogr mphgoipr4ocess. First, the photoresist 101 is raaplS2eas/asep t he
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 at i[0024] the 5rm3kmrdefm‘eel imavaetmtighrsensiiveosatertad caltetlplaotoredist a
reticle, fol

f b
one_i 1045y rci b iphy s BrbR: FirSt 165 Bhbtge Rt fo1 i SpsTRER MRy, P
featur em%gg’cd? 1td3%ﬂhet§{b%%§é 16@%@%% ah %@b&ﬂn{é@"}ﬂ:&{drédl (d)nho an

openi ng In the 1 nsulator 3 by an etch process. The etch process to
10 f or rieature @9ecinipaten®sd irathel mmtweusmpnmmwmemm@t@m@ff@er eactive ion

etc pr ocess . (R The, 0 ,ng. 105 o bond pad 104
of “Bhe. SRRTOPHEIS RVSIENTRIEN YPsh STy HHGRS By BRG, Med B oat ent i n

Fi gur e devedpmebDidZBImThe rmasiThe eosory niaydbaidena i bap@agieniteel from the
reticle, such as a via, a trench, or a trench overlying a via. The opening

105 maysqﬁ?é\/%‘? ﬁsi@ﬂﬂilqu%%ﬂ’arlﬂ%nsmn or depth, of greater than about 1.00
m cron n@bgk and arj, ffeeétaf lmesb e%‘crjbcthloalsm%sWn‘i’é the?lfbéﬁ Ssfefan about
!J esire

0.10 u h dlrec I ona for the etch when t e openi ng 105
has an mtqoanbpeahgorl 5l apthle msuilatdirhp&ﬁy amletah p@cessr The etdheprocess tme

mhodi hi h depsi | , h d d Radi
Fr clLer o tRe RSO3 e iy seBaTe e ChPrpBRByyT HeReieron 8'5Tbr m t he
openi ngpr%@és IEﬁeTﬁéer‘érniFEﬂWS bRcéveiada Jocmleswfﬂae BBAd pas T046Mhe May

i ncl ude” an hi ng gas as CF4, an | ymeri zi ng_gas, such as
CH2F2. d‘é\eceatr'cﬂhenmdﬁbllnglatyaemz,laacmmvn ﬂbaﬂ@@]bﬁdmﬁnltIMFmrﬁdr(tﬁtchl ng the

I nsul at e the ri.zi.ng assi of the
openi ng[%%é?to | }P%\?QGEE\ )@&WW“ é)rbaé) (i r\%&’tﬁﬁ@héégﬁ%}gdé I ncl ude
CHF3 angk £3§0-a tFERcieli™h fréhéh Bled a}w%awlﬂi@b pdRiRgNH5 Mayaaeeta 1, 500. 0-
12,000.0 Angstroms per mnute. A tool that may be used to formthe

opetd ngvarticalidicensies, Qﬁde%@éefgat emna kg 100 mléfmnﬁﬂmcﬁﬂdﬁlﬁ’fﬂ@ ogi es.
|1 desi §ifflngd Jhe sBkfifhs é\/\ﬁ(ﬂﬂ of less than about 0.10 um. High directionality is

desired for the etch 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 CHF3and CsFg. 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™ 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.



I nsul ator 103, the renoval of any underlying barrier |ayer or etch stop
| ayer, and 30 the strip of the photoresist 101 nmay be done sequentially in
an i nt egratemot/aaBi4 such as an Exel an(r) system from Lamnas2a030hs8eap an
eMaxTM EnTekTM Centura(r) systemfrom Applied Materials. 6 WO 2004/001814
PCT/ US2003/ 018669 [0029] The etch selectivity of the insulator 103 to a
phot or §6029] 101 r?ﬂ%etohaseléxﬁlvdpoﬁth@rmsutamommmaphpd:cbresst 401 imasky of the

| 03 h
mak, - cafy B8 B2 KRk Ttoh selechiy BEGe iyl ol AR AIFERRI03' ang
the pho|t(p|r ﬁ%bﬁtls dbtow, %rﬁH@?m@d%ﬁé%asﬁ( chllad a9l nhadK, A@pBe irfcludatl to

transfer irst featlre 99 that is patterned in the photoreS|st 101 into
a secorbtiveandhe insulatoe 103 atdithe lphomfeﬁlst 403 cloosiithea casarafiséstch r ansfer s

h d f f h h Q
| nofi atSPoTTHe kel B EAUE! Bt Ir Ry PO the P ABRDTE! M e eE R ar o mmsk
may be 10y @ieh dRBRIABANITe Bthb haidaask Maeh, Brend o1l piosdsyde a materi al

such as SiN 10 or SION. In one enbodi nent, a stack incl udi ng two or nore
hard ndednsfensthesecosddeatuonfiom the hard reeshinte the ppening 196 iNKBE| nsul at or

Layor rRgAleT 10 PRl sy & sy Pehtodne g ARk Rl 6”165 e

etch stmghéramgh dBaut i20¢1 wdaaﬁ MNagk p&bctesqnagnandrm@adnat(eﬁamucwbsvsw\er Si N
has a k with a val ue of 5, which.is relativel so,an alternative

nat1®ri 4r, S'%Hnﬁ‘e@@?mm@'ﬂnﬁﬁfﬁﬂh iBglUEOPS ﬁﬂﬁj akMAY P& val ue of
about 4_1%06 0, may be used. If desired, an etch stop | ayer having a k with
0

an even wer val ue may be used to minimze the capacitance of the overall
di el ect[0080}t ack I§theictarseledtivitgofihe msukateiclI8 BEheTwnderbingEandbegh has a

the’ seclfd infep taWon At Sieh Eey) ke ey b B8 ERFea T Bhfd o ne e

to proteed 16@%nurtﬁéluﬁémétol%3ame ettdﬂesmpdsyérymag lﬁ\o?IN@é Si02r Silwhudi ng t he
bond pad 104. For exanple, fusivit per and the presence

of 1% d-Garbide £3i69. Hnweapp@NMsea g\/\bﬁra valuexf §. éy‘é’h'cmlg relatiealy high.
Q her W e, CRBRARIVERY aflral, LSGh 43 BLORM HBRHABPMEd Mi%erls having a k with

a value of about 4.5-5.0, may be used. If desired, an etch stop layer having a k
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.
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underlying | ayer 102 and degrade the carrier lifetine of a sem conductor
material such as Silicon. [0032] A barrier layer 115 is forned over the
i nsul at or wbOBo4aendsi4an t he opening 105. The barrier | ayerpCilés2omypib@ve a
t hi ckness selected fromthe 30 range of about 50.0-600.0 Angstrons. The
barrier layer 115 should provide good coverage both inside and outside the
openi nd0083] In sﬂmbaam@y&*ﬁdﬁéhomﬂkheﬁectl\dy bloek igiiffusien frogythe sesl i nsi de

th be diff he th ¢ b |
o g e e o eyt T 115
L%SL C,gé(f)ér:’l’vﬁ%é% gn‘?fnfo%ﬂé é’reérwmlé'r%ﬁ terﬁér“l%yQF‘ﬂE Qﬁbﬂlp%ééﬁﬁbblé@}'gboém or a

into the nsu at or or underlying layer 102. Serving as an
under | aydiresion td ther seechlayét 20, éhelcagnductmﬂwhtb‘@l ldswetaraki@ola@ddhegood

adhesion to, the see ayer 120, the co r, 130 ins r 3, and
theDs A A R R e (R R K R

bar i ersje bisblifaveShitindl RtSachcy,suthmdBherithPopelecRBchemial as cheni cal
or electrochem cal reaction, with the seed | ayer 120, the conductor 130,

the i ngepetion, widstheseadhiayerhal theigendustpsa 30gthe ingelateri He3.tddh®ond pad

101 of VA VRS 102 nkBiEo bR a08 OP o 2 Oy "sich ae D

Ti tani l{m)iurgst enThé baMjer I®yerd 1csemamb@,fosmeb froen Eaméw uneliding ale (TaN),
Tantalum Silicon-Nitride d_(Ta Tltanluletr

Si N)
Tur@st drfiRetive getevmmych padant albm Jree: @rn%al%rwc te}'?e 'tﬂr'\zmefun%%t%'? 115 may
i ncl “de(rTéhf\go&eé ctsf"éﬁﬁirc s@éfggég'ﬁh%lé’ﬁhqﬁﬁdé gl\’/éelﬁ'fT'éﬂgé}uWSﬂaohJ?ﬁHid@t or 103 and

an uppe yer o ere to the seed layer 120. Such a
bi | ayer(Tr@Nthwméﬂluldet(ﬁ‘ll‘dkmé’slngeferalﬁtmde 1W(N)0 350.0 Angstrons. [0036]

H gh d i d

118 cdROEBATY vintene RBBHich, Mehoifiel PRRT 14580 ng it BaliomeyelY Gty o
about & falQto abRateto themdeRlging ifvea®r 103narEdn Ripyst aler vhFartodeposi tion
(1-PVD) can 20 deposit a material with better step coverage than ot her

t edni cadheredadine guerlying seaddavsi 120 Suehisngilayer mamghave adpiabtiekdiessg (LTS) .
A tool 5#350@%0%3%6@A£8§tmms.

[0036] High directionality is desired for the deposition of the barrier layer
115, especially when the opening 105 has an aspect 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
[-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 layer 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



| - PVD i nclude an | NOVATM system from Novel | us Systens, a Sigma(r) system
from Tri kon Technol ogi es, and an Entron system from U vac Technol ogi es.
[0037] | nwoerobadmsslases, a netal -organic CVD (MOCVD) pr caasss2oeyibke25 used
to formthe 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, sCentiradegh tod thatmbly pegosed! foh ALdbinciudass arbiiz XS s systemr frampcvD

i ncl ud a  NEXUSTM, syst ” V truments. 4£0038] Alternatively,

t he baﬁ?@r%‘) llnéfj(BF"eDi% h@ﬁ&?@h@ﬁ‘%ﬂ@wﬁ%ﬁom%&sgo deposi ti on (ALD)
when a fpbgkness \WheplREcoh8cor AB0SS EPBE fOMeEB$ disctidptatieg a sedldDd can
provi de good step coverage and good uniformty even while permtting the

use of layéniRQisgust formediavesthabarrier iayesddd: agsbovrvp@roemdgeseantgno

e Puddd R R TR Briare e Sasts e R, e BReRT AT [ YhocaTh
syst emhusiéeeticdl) @3AHude ahd eostimebist over 13 basridrdayper 115.med by
el ectrggl ating, a seed layer 120 is first forned over the barrier |ayer

115, ashahesipn iassLf taersead nayvar 420 ointartpeidl reation with the afier A¥Erve as a
base fgﬁ“,ﬁ%@@&la%ﬁgyﬁgmgt he seed | ayer 120 nust be electrically conductive

and co S 0V arrier layer 115. Adhesion | oss of the seed |ayer
120 or [ooye] f aci aThe eaed layerW20mahindhade aenetbhyseich as1Goppen,bdahe

prevent ed. [r0040] The seed | ayer 120 pay include a, petal, such_.a pper,
or 18n 13Jloy IThe seerdayrct?q E/Pga‘ﬁif'@st%/m' epy spiacted Hﬁ%ﬁr’i@%%e Qgﬁé‘aﬁgd from

a rang _ 2. 500. 0 Angstrons. [0041] The seed | ayer 120 nay be
deposi %@bbﬁgﬁypv%@etggg%l ally when the conductor 130 is to be

subsequi@0any f or nEle bgee laysrri@fl may be. daposited ibydeVPhespegially whendyer 115
ool | suetndiitont Bisdp derstherauBrly Mot rEpPSREnE f A Smdaned e ™ [ooa
e o e P buad for the
corfduct acuLBoin & tedlsushas amiaduna® Blectrad mygtam ffiggn épplied htatedals. | ayer 120
[0042] When the conductor 130 is to be subsequently formed by PVD,
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 1035
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.
9



may al so be formed with ALD or electroless plating. 20 [0043] A conduct or
130, is formed over the seed | ayer 120, as shown in an enbodinent in

Fi gure 1 wi)200dbmascionduct or 130 i ncludes a material thatpdTgus2eésaasaespcal |y
conductive. The seed | ayer 120 and the conductor 130 may be formed from
the sane material or fromdifferent materials. The conductor 130 should
fill t04F)eni ngThésohduator {80bnay bm fapned\bgrarceleptrechdmicai praogsst he

ahes! oates Sitpplatings FIRRARIAEOSt e iaeBR 190 Mau BTt B seed
| ayer 189tf§6}%'kgluﬁénlrébﬁféﬁﬁﬁh9%ns bg@fb"ﬂ_ljai‘éﬂ%\l €9 PE WepokitdSOTHE ¥ebd tyede a

metal , such as Copper, or an alloy. The conductor 130 typically  has a
t hi ckne320 ectadategative ebdiinde glamelestieshemnicabpels rEleelipriptiag Wayben unmi num

el ectr ofseacy 4 i b g B Ephy Kbl dure B leoiB IRl SelRele o pece
ratio (g@i\/g‘{urm's oficditrieht of veltegs, ﬁp}?_ndrnlg?mm&‘%aemgckﬂéissma?ﬁafm; I Ef Copper
vl her aprafieryes (e rs Geseo. WAan.euregh s lrfert Forpeatiee [ordniingon "6 Vo
20041 003 34iroBETHYSENARUSHSPe IIPRLITRE phonsbeet atnd Wrfzey diand asgmdl by an

e
el ectrochem ca rocess, such as electroplating. Electroplating of the

C(ﬁnduct Eﬂyelliieonﬁlye iﬁg‘lsrmﬁftbugﬁbeﬂﬂcaily rEdltJhed)fO atosias whiakhfoganthai ni ng i ons of
. ! T 5 :
ol ot rofR et olSPER ARV SEART R i X pAL BT LET sy ou

in the pRluddsdh BRichE @uDoSwtem fremrAglied Materiatd, 2nSABRE ®dElectofilvar i abl e
waveforms of current or voltage, depending_on the thickness and the film

pr oper t f¥semEemaNevellts; Systempnand alfarageni's systemeliomSENBEPQLve ions in

the el @gadc?‘ip' ati Q%gé&é#@}li Qécﬁm{iﬁé’oﬁiﬁé‘c o%%ﬁ".io ﬁ{aagﬂ’gggﬁe%e Lbe surface

of the | ayer e rons are thus chemca to atons which
f or m t hef fricusnatiditives thad aoy surfade astived Theyaddithas toAhewdéctrd@atingny be used
for,electraplatin I ncl udes an El ect TM system fro | ied Materials,
2 SErevanBPaars Bovely Seniaty ra el Hetige Biale L A B gon Th

syst em NitsBepEotfdek fillingGT46i o&’rﬁﬁgqﬂﬁtﬁavﬁgeﬂénﬁ@'a@pie@ﬂraﬁo B¢ réquiedIct or

130 may require the use of variousS additives that are_ surface active. The
addi t i vEhe pwperbalansetaf dphibiteisdsuppressors) and accelerators in the

electroplating solution. Otherwise, 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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15 solution are usually organic and may include functional groups of Sulfur
or N trogen. Correct filling of an opening 105 having a |l arge aspect ratio
may requi w® 200he1prioper bal ance of inhibitors (suppress@ac@yusane/018669
accelerators in the electroplating solution. O herw se, defects, such as
voi ds, seans, and cracks, may formw thin the conductor 130 and be

uncover 2049t er dDuring guladtenfornsatiomnof the cGoductonil8Rnadrealimenbmaytbe f r om

21 5o 1 oboe B Tiyee Byl BrrEis afireAeRisi ofh 08 GRRLERIdRg g

sol uti OWhe[t%ﬂrﬁbntTBﬁWdct@Mwma?ﬁndaaé aUdpiddthermalshnad (RIpper .
Chl oride, and Hydrogen, in the electroplating soI ution may be adéusted I n

r espons Pracess lafiep Seposition td modify ratabiizethe grair Rizeof fhe cendum@t f130ty, and

oyer§ o Carpf st Rek ten tohingl Dy bk lafiq b 3 e GPIB S o 9 BEC £ The
concent Dat-if mitimétes (A, diepending drhthe thlokatsoepositprscdnditians, ah@048] 1 n
ot her enbodi nents, the conductor 130 may be forne Pr;/g)s rocess

or a Cvenpealcasslt Iowrre«t RFRSY JRRINHYER Iwﬂhpsqonﬂaptﬂrﬂ&%t ailaé?@rneape 0. A
PVD pr O%ﬁé\ﬁﬁpl?sfsn 1 PEOSEFRPIBRE 0P ePEﬁr Vfﬁd%ai*ééléﬂ/ﬁg%tf%%%gw owngn filling

an openi ng has an aspéct atlo about 6:1 or
gr eat er mitno- dmanam&tera I\/DCVD process may al so be used. 10 WD 2004/ 001814

tr el mol(O8y “be. el corath 1y tikedigaie JPBRey PEsSqpid Byt 10
char act gid ééncﬁﬁct&f13mﬁ> RRta eIy 138 Gollowde by resd thef insbRtsrorgguct or 130

may include a rapid thermal anneal (RTA) process atter deposition to
nodi fy aromdatbelnltz@135eAg?rlmnmcgt-m@cbamcaﬂdoqi@hmgc@\ﬂP)_Bmce§soab§§br that has

b f t 0.1-1.0
veen, OFF AL AESE Pha AR AR BR B Rl 0110
anneal efsutiotherical fedctiops), roapibe cptintdzedtd bm@qﬂdmmm odf¥0regessl | y

correspaonds to wer resistivity. For exanple, Copper may have a
res{ ti gitteyenrmg @f 1.0-4.0 nicro-ohmcenti meter. 10 [0050] A raised

cont act jdgy1]t he sthatddstatdP00Ryayise heldRG el aftashed fa head of a
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).

11



the conductor 130 to forma plug 135, followed by recessing the insul ator
103 around the plug 135. A chem cal -nmechani cal polishing (CWP) process,
whi ch cowlal mesombBriasi on (nechani cal forces) and di ssol wmdTors20@dnasdsgal or
el ectrochem cal reactions), may be optimzed to either planarize or to
recess 15 different materials. [0051] The substrate 100 may be held in a
carri er [(533ched Thearitiealprotess paisfeatgmst foma G\VPaproceys, tmmhtasa’thleed to a

t abl | at f th yst o) t h dth
roved, PABTTEGEY Paisrae Echkn satoifatey P§ RATBHARH PES0 on t he
Subst { i ookl 183D bPRRItS BErdRTCTRIEIcEes Boramicl s iyt B ot en. ey

be rotary, orbital inear. Alternatively, pad may noved with
r espect congralled by adjosting thehrelatedieguipment @@ﬁmﬁel@é{vﬁh appeIniieEs may be

on PE ho sy Bl o T QB i RPREL FRb ot et RE g i REE oy 250
foéceisam?mt@rmeé? e Fgg’gggm hem%mﬂ?lﬁ"ﬂw thangin
Phe  poptidRmiant gy b5 iblerasnihe sfaserido8 For pufhedpeelrpi Shay be 0

opti'm zgehdByck eBAREI (Ing BﬁeRerﬁ&*etdeﬁe%lldvhﬁg RBhirshm#tbdss pedparohar dness,
stiffness, abrasivenesS, porosity, and | ayout of grooves or channel s), t he

propertd@‘@r@tlaiwlnmrwsh slurry (such as chemical conposition, chenical

p A | ve
par LO%tMie di ﬁr?%&?&g m%g%lh*{éﬁ‘gl af?grre ers o%b%%e pol |rﬁﬁ£ system (such
asI dOYWIIﬁQI’(ﬂﬁl?]@ardPIrESlﬂHl’emcFm rtabletlmerdreﬁends mlthE|Ia\feltom cbblfe?fpdmnerrshm i gear
vel ocit fhe carri relatjve to t aten, slurr an
ol at on (GHLRRif 85¢emAbiRorSelosTeR T mPsAg s Ee e SO M arne
criti Cag e 8 pslso |befh°e 6@%%&&%&@%&% diHfiiy 8Rd hSsioR Phdyebe r emoval

rate an olish selectivity, may be nonitored across the substrate 100

wi th appeastrest with entool, dncludiag s NewaScamsystemdremigva Neasbeng cont r ol | ed by
0L PR OIS B O olsgper o oL 8 ectuators,
oper at of0055] er f acA. stésd-atmtetbol ased fxat CMPdnclades @ Mofa® bgsteNMPfromocess and
Applied Materials. Alternatively, an integrated 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 a first CMP process and a second CMP process may be used to 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.

12



equi pnent may be inplenmented. A closed |oop may involve feedforward or

f eedback control using one or nore of the follow ng control nethods:
proporti owa 2004/dli18f4er enti al , or integral. 10 [0054] The reavesoztasaski ch
metrol ogy for a CMP process is perfornmed in- line, on-board, in situ, and
in real time depends on the |level of cost-of-ownership (CoO that is
accept J0088] As de&isu&dbleaslmynﬁydgg'seleotedm;admmm&hgih' doalishh a  CWP

hoasur SPIeg MV EOR the conAataI 0y SPGB peedken ke i TR RS IS cor i ng 18°
I nstr u;@é(’;é@.c@ A NBEBREGE0F 1305 R ARAINRAANE! b havE QhERlardgs and-al one

t ool I nC Mrra(r) systemfrom” Applied Materials.
Al t er natdlvebf abaut 50it1e2fCif eff highsr polish sgleciivity elews/tausepba tAINNREf | exi onTM

itad AR BB AR, KOsk SufhuRel TRRANrBHTH By shish e B O °°

such asreéls‘?érﬁ:é?ﬂ)@t@fée&ﬂl(ﬁeaomﬁa@h@&@nUQhé%S)HHUcﬂdﬁ 180y in/dry out of the
substrate 100. Consunmables for CWVP, including pads and slurries, may be

obt almr)lef@oﬁﬂbm v?rhrwse solpoglisaents theslygryraag iNchde @ﬁl@@faS'Y@d?W]"' 9 cording to
an ¢ Oﬁélgﬂﬂﬂé oSl a@'&gﬁ(ﬁ%r SN o@grgg‘é?%ﬂﬁé I(ﬂ%rbz P2, Segl\fagégcom act

process O 6 rocess may
for a smmmwrmlﬂ@agemeofmsmh |mrviB|tpr psectsap Behaotrizblee(BilApandzat i on whil e

t he second CWP S erforns the reces 0 The first CMP process
aciCa. HRGAPISANCEFOSENBER P15 8 ANEOCEHI LR EB6 N FEANEOBY e

under | yéél@/s%ﬁrsﬂ/’s%rm'@d&faé@ﬁncﬂ&i@b’oi&i&%uﬁnﬁ GifrateP process may rem)ve the
conductor 130 across the substrate 100 and uncover the upper 30 surface 108

of the 1986P] er | aywpicalimarametensdanthenfirghCMD orpsasstioiplamnariggtiel (e). The

e ueustTel e 3 PRl cRh KEuTnid oF Abbars BhaP, o By Al K AeRa U7 Clei g

igy | <’:1r2g%304 /QBS&&?T%%@@%%%@%% Phatehhratatiexi aftaboat 1651006 revbktioase 100.
U 1 Q0 A suitable slurry may be
sel&ct R BN Gipmn), Srcatrial pia éﬁpg%él%e%ﬂp\g &W%@“q ﬁepoé'éﬁduct or 130

rel ati veesQuidsr Asvut! £6- ﬂ.@b@ﬁnésléer d5@areahéss (psi). The removal rate for the

conductor 130 may be about 1,000.0-14,000.0 Angstroms per minute.
‘[0061] The first CMP process may include two or more steps. In one
embodiment, a first step, having a higher 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
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selectivity of the conductor 130 to the barrier |ayer 115 may have an
average value of about 50:1-250:1. A higher polish selectivity allows the
use of a wanee018i4barrier | ayer 115. A thinner barrier HG@yes20W1E860 ]| |
result in a smaller increase in the resistance between the bond pad 104
and the conductor 130. [0059] In one enbodinent, the slurry may include an
abr asi vil5. Q‘lh@l‘sme é’ﬂthmpmg 485 & Inflaenced bythelishape of ttethopeningdiddgen

P H202 t filmformn. t |
i bi T yexesae, G HaaAGBmaY bed pesti @ Sid Eheoo Rt 8BS BaEthSuni ch
b i d/ sal t t
such aded ??FW%%%&?%@??%‘% G s B o &1 parameters for the
first (BPBB} ocessAm unpbamble1@pqgreph|camtm1gmh33maymersuﬂéroan shasfiisy pH of

abo t 0, 100, 0- 3 L]
o M @es Folshihore afe B fa PRbinec S ateresiona thhr i o
(rprf) Lﬂ);jé?rshhﬁbeW@?@éﬂtﬁé c@hd@&%\d%@@wﬁn#% ugpms @Mdétﬁ@bpéh. fg|oressure

of about 0 pounds per square inch (psi he renoval rate ftor the
conduct'tﬂﬁ)xetatmeyo tee abmqunclngm}subatﬂm'lOa(ﬁowtsﬂﬁﬁlterml@@ﬂOﬁ nute. [0061]

The fi | ude t di t,
first dobeah 0! Ry banhiss s vite for ARl 1280 A PudPEatda %0 Tost of
the OVQilﬁiérnéﬁjh P‘rob@ﬁo;@tﬂﬁﬁuﬁ@@bf #R0firsTOMP brsdesstval plff@dludlfaalrs*,‘tl nmed pol i sh
or may be controlled by in_situ nonitoring of a parapmeter, suc h@\% I

va

t hl1@knd¥§lsbed USREy sucfas@ﬂw of e plug t@é&t?@P@Pé'HTatﬁ'é(\ﬂ%ﬁ@”Q le¥elayit
d
Choar (EPRranRRR 08 dr R babicr 308 P14 AT Hag BodihooRll B sBNniR R o) ©

| ayer Jérﬁb@dhmﬂunﬂmbe fige)t hrough 25 to the i nsul ator 103. The second step
may be a tiped polish or an en |nt oI| I n enbodl t he second
step mdf0PBLI ude %THOTG%PB@W'W? 9%395? higal &WB?EWG}XJ%H Q&%thesuch as
15. 0% fﬁ’gttéMFdEFcf'dgts‘s‘?é"'eR;s@PQPfNe%a%?‘a‘i [HetHeadsd ek bet@¥eh withindesi red,
each ste one on a separate aten or on a separate CWVP system 30

[ 0062] dRestawar acrfayt'lrsa dszprtgsnlfeIath@ fodheluna’r@rlamﬂhacﬂeat Beglm fanamsay ate 100
and unc

o e h S hE APREL, T G OR R loh BiedlBl kSt sfe Peon e
igg()d;%%vg?lﬁlpé@é}ﬂmmﬁtK@blus’E@?%rl@r@ 1300/ reREiS e €6 Rektetialrin kRO fiekeed | ayer
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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13 WO 2004/ 001814 PCT/ US2003/ 018669 115. The shape of the plug 135 is

I nfl uenced by the shape of the opening 105. For exanple, the plug 135 may
be a postwar2oas/etisch i f the opening 105 is a via. The plray/u2bo3mageche a
line if the opening 105 is a trench. [0063] An undesirabl e topographi cal
change that may result fromthe first 5 CMP process is dishing of the plug
135. D068y cr eahrembatbmeassf astiunturad 000ETeording fathe peEseot t he

duct, 130 within the, 13 inside th I 105 | atd to th
Ut ourigvaian a1se showst Fideis Red) Heculrtig Al Melugse A PhEfieng ey be
nor e fsel’é%lesJB%Fra?%gb?an% BnbBdnéRt, Ry Plpatﬁs%ay%mwaw dOrRAGT

optim zation of t Irst CVP process w produce a first 10 polished
upper storgeroet ibput of a stymaptoy @routputicf segignalrarat 2bpnflipad #d | evel with the

upp surfac 8 of the barrjer, layer 115 that has b osed, as shown
in gn m?%‘é?ﬂ an ACHY Y ared ‘i*f(‘Q?Y'Cﬁd@éﬁ]”'}&f%@wgﬂ%%i@Pﬁﬁ{%e t opogr aphi cal
change §hfrat@yopesult fromthe first CVWP process is erosion of the
material 1 n the spaces between plugs within a 15 cluster or array 137 of

pl ugs rP089] ve t oAtsuabletsluinaimaynbe selectes @ acogimplisha highagolishom t he

bet weorSBreLY el PR RerErFTiey et P55 2ehe Mt ty F8TFRE I UE T i the
field gseiurtod 180.STHiCpIG sBlsGtivity o therinsalatdi3i03 tdthescantustyr T3ul t in the
partial or conplete renoval of the barrier layer 115 in th?,r%%&i@zybetv\een

t hel ol ugiay havezn averagewabieeok 3ROUAx 1 0E0reaipe N P18 SEROHIG)

' ULt o ] f - ' ji | at
1031 n TRYgtdo 3Pl Bt such g BIIRURapd o RO R Rt TG e o or
a cl ust agerdrmay bayArmaoniumikhgiroxideNH Ok eh pigagic adidisaeyblenspaces
bet t I AP tiq zati fi.rst i
i ni m o8ethes GTF A EE s RR AR ARhasdiad. ARibbER s HsBdRy BRdE 1
spaces RebitioslyRddfgsadist ided @ inidiRs thelreAiovayoflihé cinduictgsi 30nahd tde
removal rate of material outside the cluster or array 137 of plugs. [0067]

AftEr t prevent e gnrerplion 85 defegds-been done, a second COWP process is used to
oo S ey RA AR oL U S prem s Wiktastee e
pl ug 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
15



30 135, as shown in an enbodinent in Figure 1 (g). In one enbodinent, the
barrier layer 115 nmay al so be renoved froma portion of the sidewalls of
t he pl ug WeB20046018¥d 2004/ 001814 PCT/ US2003/ 018669 [ 0063 CTArS2008008660ENt  Of
a structure 1000 according to the present invention is also shown in
Figure 1 (g). The structure 1000 includes a plug 135 for a substrate 100.
| n one eorditiomeand parwnpiaugnﬂeg&am/tdm optimizaiddedachigmesitie dasireder mi t i nput
of a signal ou from a bond pad 104 5 connected to
an actl&gl :*éegégrwt@sd%r?ﬁjggpqmre%o%ﬂa%tﬁyI ng | ayer 102 of the substrate
100. [OffgfB]A sui TREIrEcSdsiHg batdBY theinsalaest F08 Hrrayass apoli 800.6-hbahopol i sh
sel ect|V|ty for both the barrier layer 115 and the insul ator 103 _rel ati ve

to the Apgsitiomser ngouteringhp dieldsregien Eaitawﬁytfyor@fthsw@s’tﬁ&gw atray 1369ft o t he

corc et SFod B, 5N PR REG, R 208 ol P,
conpl exthege@eRdit up %L@M@H@ﬂ Mheaﬂﬁﬂétoﬁﬂlnbﬁtéﬂ@mlfelmtbbajlboailm (NH40—|)

or an or anl c acid/salt stem such as Citric Acid/ PotassiumCitrate. As
needed, W @l%éiué@rr%@r@k hef plHesudgrior efeis ta:a lpsalios euUisidadNe s used to

m ni m z yE&?%%ﬁ%}(f#ﬂgfcﬁ pﬁs Clﬂr?ﬂHftt@Jse Sfrp‘ueaiﬁ%rfg? ugg?g %58 QY 1pRg ygener ation

of defecC paraneters rocess to recess
the i nimgukitor 10303 hlghdamﬂlenahe lexteriorpigpef satfacs 162 @f ii2e msudaat_et 403y flowate

f about __100. 0- 350. [Lilj , , | at t at f about
5. ofbe toaThl) o cBpreenng s soleter T bih th soBele TNiR, prréﬁ%sé%%xﬂ sho
pressurpe cggtlégyﬂlgﬂn@ss oﬂh@%ondTEﬁ)r 1%@ *Fh@%ﬁt%eréﬁb@ﬁf[\ hél Pﬁeréﬂ e may be

about 20. m nut e. , ry pH may be
about 9fifst pblished m@qrcsurﬁmepﬂﬁseﬁnhe p‘mgabé thabeu@ncﬂpOh@eﬁd peper and t he

vhen « neuirace 89 BF g oreEhondana Sobdftonaslin Bning okt v
process1 thﬁﬁlng‘%‘iﬂohlcﬁgeta%ﬁfé@'&cfebﬁfdWe'é}&eﬂrnéiﬁiméhéﬂzéﬂ% low 25 k

material formn he 1 nsulator 103. [0071] In sone cases, the second CWP
pr oces suppgr sfeos 10etitheyplugs prnﬁteduetanprsueh 139 of plegsub, in a

non- oxi ﬂjoziﬂg envhggggsel% O\Pﬁtﬁehln%ﬂla?o% comgmed with minimized thinning of

the conductor 130 permits a net protrusion of the plug 135 above the insuiator

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

16



or organic acid buffer. The pH may be selected fromthe range of about
2.0-6.0. [0072] In another enbodi nent of the present invention, the

i nsul at or wiO®04ae0183 shown in Figure 1 (f), instead of teTnEs2003ar18d6ayer 115
as shown in Figure 1 (e), mnmay serve as a polish stop | ayer when using CWP
to planarize the conductor 130 to formthe plug 135. Then, the insul ator
103 naydberenesce traethinhing of the tondustor 13 and aireduceasallef plugtietiekubst rat e
100. Thg slurry chem stry and the polish 15 WO 2004/ 001814

PCT/ US2%837 018669 conditi ons and paranmeters nmay have to be optimzed to

achi evergdigrdesi r gfle ohal ialor 19 thb st harg@t gkl pETRYAurEalRE. [ 0073]

The rec SSI g rate o e 1 nsul ator about™ 300. 0- 2, 500
Angstromuphzednwrﬂer atomlmbrwmldrqsegp@(AlF omaiyghﬂ@a@luh@ncl uster or array

ai o PR (PRGN RuBoL Sheh BB Rpbfei s ARV Tl ator 10
| nt er i onst@h®drfis,tMag beaggdd.on within a cluster or array 137 of pI ugs.

I most [78s, t hEheaBRNBrValspd et el d33rmen e seedatom fies" o
hi gher E«é@h f¥bott 590005 G IARilib ARSI Rl ndrial Oéﬁdl'eabefhel&% 10 [0074)

Recessi e 1 nsul ator e second process nmay red uce t he
t hi cknehelght 124mmbdmtmted%m fﬁwadgéfoéra@nué%ﬂ Or2i7§0t0 Bogsikemstime first

bor 8. eoughaodiient SltreidsSent Plefiati AT b RIRE 127 mBb bbb HOPS"
Conduct Qrzoolﬁ&iétmrﬁéﬂ Wih ahaxbe a‘éﬂ)s%\"tﬁb%@@sﬁ‘éiéemo bﬂletsl@,ethgwaem% whpded to

pl anari ze the er surface 107 of th 8 :88 in the cluster or array 137
of pl ugs;he gtepmngmélﬂadsmawgaa)abmma 10@.0r3800.0183g8t59ms nwtlh @ reRgei ni ni zed

t hi nni n duc er m protrusion of the plug 135

above t r §{]?§P§§ ra @%?ﬁésﬁﬁw ?é$lr'ta1fé1§2/2 i s the amount of protrusion
of the sgwmd pol i$hrsdt UBHSS, the Wiicprtiel 922 eholikicbbodtrdif melatighiey to t he
interior up&@r surface 110 of the 20 insulator 103. Interior refers to a

| ocHBi otth siep heighit124. by gamer@y the stest heipht 124 shauldspetbaeogmtharms | s
e 1ouBb Pl AR Aot HIRGHRSIA O RARBE 8L s SHERBRAAS, of L1
Ext er i opxidefrelisr (tige diffepsaée betwasrsthaeltid eelidf U2Reandtheastepiheight 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 AlT 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 [0082] 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.
17



plugs. The field region includes the exterior |ocations that are far away
fromthe 25 cluster or array 137 of plugs. The oxide relief is the

di f f er encewdombmaasist he step height 124 and the plug relp@Efuse@@/01p@076] The
plug relief 122 and the step height 124 nay be affected by a variety of
factors, including the local pattern density (the spacing between plugs

Wi t hin Emml?.]cl ustAn embadinmnt b8 a sd)chera@ﬂ)OOmnbardﬂeg@cbhaernter n density

t he 30, t t 3 th
Subst r alUBRIRRS: o SHeNer BIIGHES Pols Srctee 20802Ruddd pdetreli s bet ween
pl ugs 1§&1ta&tﬁziﬁpfo%0£§r‘s@9&é%tefi%uﬁam%%g&%cté@% aaERBnk siskAl Nni ng of
the conductor 130 and produces a snaller plug relief 122. &0077] The pl ug

relief ¢@#aeh2t for seqortbsypstrate 22fain dre iraent e raisediabntastl wi th an
atomi c ce m,CLosGco FM), or a high-resol ution Il er (HRP). A
t 0ol ® éi pgamis iy ,?EBOE(H 'ﬁﬂtgy‘%&%%w n?%@ﬁmfrhﬁ%m g%jﬁay be used.
[0078] g0t Rtbin\RkiVE ok of AeieRlcadn=H) ur‘itferll,/Zr?g ERer Re2%ofhtiest ed fromthe
range of about 300.0-3,200.0 Angstronms while the nom nal value for the step

hei ght mbstreégzﬂ@ sel ected fromthe range of about 400 0-5, 700. 0 Angstrons.

In 10 o odi | may be
about 7 2, Zggﬂgﬁﬁtg{éggﬁbe% W?%E\%é%ﬁ% llaicross e su 2164”% of less
than 8. ﬁoVe%bé@ate%@l(BQQﬂ rhéy%btdeb%dé’ﬂibyb@p@mphlcél al¥hdes3S86A. 0
Angstronms, with a range L across the substrate 100 of |ess, than about 12.0

% 1@07gmd¢s1rabd@toma§hlcek@amg@§ rmay percaysed dyslishingeerosiat 8f 1 ed nore

tightl 24

shoul o’ STRAOT e MindhEPTHE obtiorafhpal forRRichbes oF fishifPante clition 51

i nsul at nraylf¥Smetisussd andivisualiped witk anoXi-bieorr an HEP (A oldutha@sence bet ween

t he pl f. 122 and.the st 124 tt'I . desired
ol ug' r oPien8h ™ SraBRL ey St IrRuthts fidy of REfal B 10BN Soge
After cesmieriucpidesof duliBe POGRRRSS Ahdusdtietsdtiefcbds) sudhfaaksiduespect i on

may be done. A tool such as an AIT system from KLA- Tencor may be
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

18



used. As needed, a scanning electron mcroscope (SEM may be used for
characterization and identification of specific defects. A tool that may be
used i nciwadms4/e018EHWI si onTM system from Appl i ed Mat eri acI/USR0e3mTsdeed
defect 25 classification (ADC) may be provi ded by post-processing software.
[ 0081] Defects discovered after performng CVP may not be directly caused
by the ﬂkﬁbtpr&mﬁfedtmsﬁseadmesmrrmometﬂmadﬂrgumga;aybas/ef thei sdostriatod0io earlier

process dur for f . the insulator 103, the i.ng 105,

e partieats thedeShockbhogt s P 4ty B diBEnt KBiby BdsURe D888 RS 10052
After tig seRPNE I5ydrs mav:sé §tackee%mcamgenamw pmgggtnalt wobulBptHegwisesed to
forma raised conttact for a substrate or exa , a first raised contact

211 f orfleatrelectiicglyb spabe gzqwdﬂ@tmewﬂmfew@ﬁWw@Gth@% deithd rai sed

contact shown in an enbodi nent in

Fi gu?e ng%% bﬁ%@%?ﬁ%@%@’iﬂ@@ﬁ%@%@%{@g% [ 0083] An enbodi nent of a
struct ufgog8J00 achenyiergbbdintemts anémlrnerousvietﬁlisdmvesbeedrssetsfbcthn in Figure
2. The structure 2000 includes a first rai ont act r a first

subst r afRO¥El th @& 19 provide A dipreugh atndesstan '@s&fﬁhwr%see@ INVEEIgR: 0981 for a
second ?Hﬁ’é& frﬁtth% a?r?inl éﬁpl‘é@%’c@{ﬁ%ﬁ‘i’hé”ﬁ;ﬂ& thbh‘@aﬁﬁ‘é§Woﬁé’%h?é‘ddn%eﬁﬂ-éré)er mts

i nput of a signal or output of a‘signal from a pad 204 connected
to an aequally %mdl@abl‘ef@ etber e@bodlraentan@@ﬂwlbegl Ihéb@ﬁﬁwﬂ atgo appreciai®st r at e

2010~ D anil o ARE G8RAGELAADLIBRE AREdiihe Bl BRSSO dafetis 220 O LU
condnacpldoRsbes t@“ﬁ‘ﬁ?‘ﬁm?imﬁ“?“?ash?mdbﬁﬁ?fﬁfﬁw tag Mt
o ma o Cheigistand {haaLiE datelsd daRedai e mRoas Thrnion Shodlebl Bledar uch
as a Dagﬁﬁ‘:%’tr‘éﬂvér %(ham«ﬁmuﬁﬁgﬂw\é%m%b%%bbé@mé prEsenbfvenasn shbeld

t opogr aphi cal consequences surface roughness and uncovered defects,

such asbeesterodaed Dy the claimrdhat fal@wvoi ds, may al so be measured. [0085] The
no 51a| value and uniformty of plug reli ef 122 and step height 124 across
the substrate 100 may be affected by erosion. Erosion nmay be

[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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m nim zed by addi ng dunmy plugs outside the cluster or array 137 of plugs.
The dummy plugs nay differ fromthe functional plugs (in the raised

cont acts ®0I2002@12R1) in size, shape, or layout. |n one rTHOKNIBANBEG69t he
dummy plugs are wider than the functional plugs (in the raised contacts
211, 221) so that the height of the dummy plugs nmay be reduced '

i nt ent i bAHE/ChAIMSshi ng. [0086] Custers or arrays 137 of dummy plugs nay
be strategically inserted at certain locations in the field region to

nodi fy and control the recession of the 25 insulator 103 across the

substr aiye ¢@fn: The | ocati ons of the dummy plugs may depend on vari ous
paraneters, including the dinensions (such as |length, wdth, thickness) of
the substrate 100, the flatness of the substrate 100, the co-planarity of
t he subsgtr : | ocations of the functional plugs (in the raised
contict i ﬁ&f‘et%ngﬁg%sw&?] In a first enbodi nent, the dumy plugs are
only included wrowidingea fifatisobswate; plugs (in the rai sed contacts 211, 221)
in the final (top).layer of .the sut@]t.ﬂri%tse %toq.,ln a second enbodi ment, the
durmy pl ugs ar dOUBINGRT DSUBEOTYRE SAbIESIBIF 01814 PCT/ US2003/ 018669

structures and fogaingr&sopéningen ehidips@atorder | ying | ayers of the substrate
100 to <create the desired topography, In a third enbodi nent, dumry pl ugs

i ncluded in tva”’_Bmgrﬁ)P‘énq@‘é"r%VWi msyiafekand {(esaid @pEMNNd:Durmy pl ugs,
t hafg woul d ot herémo?/%eg %i@%n@ &tk b\/élaééibi1in§fﬁ¥f}?h’9\/it9|ré)ﬁ%@%ﬂeﬁﬁc£f event

parasitic capacitanc uring operation of the device in the underlying
| ayer 10@chpoicaBpoligingroeads th leene saithdomdundoninssaikopenimghand been set forth

above in order t rovide a thorough der st.andi n the present.
Mventon. one eaunBdhERnss &Y MR Bh A SR {ingm R aical

featur eFoIiish Proeesste fermit aidl conde@tst ih yakbeperiag ke piciridier enmbodi ment s.
One skilled in the art will also appreciate 10 the ability to make vari ous
equi val ent substitutions for those specific materials, processes,

di mepsi ons, concentrations, etc. described herein. It i's to be understood
that the detail ed description of the present invention should be taken as
i |1 ustratiVkee amthadof claimt wheraineais instlatorasopgrisels a Biiconddxde. i nvent i on
should be determ ned by the clains that follow.

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



15 [0089] Thus, we have described a nmethod of form ng raised contacts for

i nterconnecti on between substrates and a structure having such raised

cont act s. wol®0iW0120304/ 001814 PCT/ US2003/ 018669 | N THE @cAlDs3o0séisdeai m 5
1. A nethod conprising: providing a first substrate; form ng an insul ator
over said first substrate; formng an opening in said insulator; formng a
conduct or over remio¥irighsait ametal aver said diglectdpenthrg firstehesrieal ng sai d

duct idinsulator.with a first i cal - mechani cal polish
or ocessegPBRaLPR A Eorand il A ol ' SR ERENEEa Meduci ng thi ckness of

sai d insul at or racédsing saiiadigleetivitiala-ssrohdvhealicalppbthanipalosressess to per mi t
sai d conductaor in said opening to protrude. 15 2. The nmethod of claiml

wher ei nfos® @ firstdaisad gonkamtiiand 83idPldg) i con Oxi de. 3. The method of claiml
wheregein said insulator conprises a lowk material. 20 4. The nmet hod of
claim1 wherein said insulator conprises an ultra-low k material. 25 5.
The nmethod of claim 1l wherein said conductor conprises Copper. 6. A nethod

conpri si,ng:, 30 oyi di 0 .a first substrate; formng a
di el ect :7i %B@gp&égﬁ&?ﬁ%%ﬂﬁ%&%@ﬁmﬁ%uﬂgw ain said dielectric to uncover
sai d bond pad; fofring dbagicredyr aiee forpging sdiceviacind isefore fortlingsaid vi a; 20
WD 2004/ 001814 PCT/ US2003/ 018669
metal; and
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
15  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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removing said netal over said dielectric wwth a first chem cal nechani cal
polish process to forma plug in said via; and recessing said dielectric
wi th a seswnmoebmsidcal - mechani cal process to forma firiT/vsrsadsaont act
fromsaid plug. 5 7. The method of claim®6 further conprising: formng a
barrier layer after formng said via and before formng said netal; and 10
renovi nd2saihk mmethadeof ¢laie7 fartber saingrisingl ectric after renoving said netal

and before recessing said,dielectric. .8 The nmethpd of c¢lai.m 7 wherein said
first chem cal -EBRB S8Pd e aiteh fojiuty saktbalfinp AveLend tRiet o™
renove gagtmefalover burden of said conductor over said insulator. 9. The
nmet hod of claim8 wherein said first step nay be a tinmed polish or may be
20 controlled by in situ nonitoring of a paraneter, such as thickness or
eddyz current. 10. The nethod of claim8 wherein said first

cheni cal - mechani cal polish process further conprises a second step to
cl ear sdBd Tdendettaal of clainmd @ertheacampeasinger 25 | ayer. 11. The net hod of
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further conprising: formng a seed |layer after formng said barrier |ayer

and before formng said netal. 5 13. The nethod of claim 12 further
conprising: formng said netal over said seed |layer with electroplating. 10

14. yghe 1getipdmeindd 6f dhfn BNER&eh SaldeE6AQ R RatHAmREAYISRIhgPO! | shing

process conpri ses:
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 asecond substrate.
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a polish pressure of about 4.0-6.0 pounds per square inch. 15 15. The

nmet hod of claim 14 wherein said second chem cal - nechani cal polishing
process ceguodsedsidsa | i near velocity of a platen of aboWwCT20520031048660 f eet
per mnute. 20 16. A nmethod conprising: providing a first substrate;
formng a dielectric over said first substrate; formng a via in said

di el ect 17 ¢ The methodeof cﬂai'mzl1GiWrEremubsessim@saidfdiela'ctrg: esulis dn agleg sai d
dielectric,t il ' ' S renDV|ng said netal over said dielectric
with a f@%%PPeﬁ%%RQ@fbg%é@ﬁQ 981i sh process to forma plug in said
via; recessing said dielectrlc wi th a second chem cal - mechani cal process to
forma first raised contact fromsaid plug; and interconnecting said first
rai sed contact with a second raised contact on 30 a second substrate. 22
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Angst r ohmighbofi8bodii 16810-3.8006f0 Ahgstrors. mhereln recessing said dielectric
results in a step height of about 1,100.0-3,300.0 Angstronms. 23
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