- LI NE PATTERNI NG BACKGROUND

A S| NGLE STBEROEREGTROPLATI | VTERCONNECT ~' | A Fl eCT/ABIES/IVEIBAL
I;Ig-wl NVENTION (1) Field of the invention
This invention generally rel ates {C fabrication of interconnect systens.
More specifically, this invention relates to fabrication of via plugs and
metal lines in iNtai@ensest coMIRePETIN)PHORESE @drANITERORRGLRt Ed STLCUI tS
are general |y marpfactaurediest arrerimief rom a substrate, typically made of

silicon, that includes ”Uner%%E:@Fﬁidﬁﬂ@ﬂﬂ%?%ﬁitYﬁ\49¥t33§1SUCh as

transi stors, capacitors and resistors. suc evices are Initially isolated
fromone another but are later interconnected together to form functional
circuits. Inter nne&tiitéfuca:ky include netal |ines which connect the
various active and p i med in the substrate. Interconnects
al so include vias which connect various |ayers of netal |ines therebetween
within the interconnqelis s\adr@ibn gbeerdual delmedftotiBricAi & @PHARGEORReal these
devices drastically affects the perforimance and reliability of the
fabricated int egygens. cMoceispecifinall pribée saveasttiacoraletes itadabriea iy of ada by

i nterconnects is,known.as p?kﬁllizahionﬂ CUrrené sem conductor fabrication
processes typi CBFLI'C?/S ﬁ??lrpﬁé‘ NG AR SONE A ISYE ™ nt er connects. Al umi num
is superior to the other netals such as copper, gold, and silver, for
exanple, in term of RedhrdiAg ease of deposition and patterning onto the
sem conduct or substrate. However, Alum numis not an ideal netal for

i nterconnects because of itg | ower conductivity ar}d poocil el ectrom gration
characteristics rel atNif&r318dtHEVHE IR SPBLEAILY RATYIBHEERABHRFENS froB g h-wy

~~~2 WO 9913. 1. L}, RCTiU Eéx}ﬁn%a%ﬁe 65 iRoR TR QAU FRMIERSa Vel S | N
si ze and processing speeds of’ these devices becone faster due to advanced
manuf act uri ng t pekriveuesjces sech @ndrmtsistbtyy capatihersiamderesnomsctSuat al  has

become critical making nmetals such as_copper highly desirable for
metal | i zation. FREED &‘Eld‘t”i‘\??lﬁ/ys%lla,t?iérqnﬁt%}ecﬂlﬁg‘éf bHh&rH&ABIe even nore

critical int heirﬁ@%r@‘fecwaslog{%):%f{i af tatnh TdnMish & &ibguiW didteffordiRets

i nterconnects are wthin sub- m cron ranges. Accordingly, metals wth
hi gh conducti vi typicslig inalsideapptal lineawehirdcommendtit ghé yadess ragbive and

i nt erconnect systens, e pr.ocess .utilizing copper) kno s " cene",

| vol ves. et chi nERETHF SIESLER BET AP AR WALt | FUGHEREHE S3ejBeNERd 3 | he
surface of the guishl@h@ect PadihNNalt F ALt 1A aRdrDed@eh BTIRNESRhe COPPeEr
is then deposited into the patternéd vias and oxide trenches by way of

sputtering or elmereamplest sygemumhengealityopbthe tepuoinnsciaer of Hhase drbiced

fromthe surfaceg_of.the bstrate using convent,i gn chem gal - nechani cal
pol i shing (CMP) %ﬁ%ithcggg.a%%\%e eergerkl 'S Crep%‘écg§elil%lﬁ|’ygﬂﬁh§‘ec%%ﬁ’lcf‘cezﬂ]ed and
not readily conidtebtablircuit. PICHESRSs of kBhhédtirfiOtHeNe \Hoegene process,
copper is deposited by el ectroplating. Using el ecotropl ating for netal
deposi ti on has intsretslectsaisl knowsraseretplligatioopperrneahgsmiePrA¥tase i nt o
t he underlying d.adjacen i electrinc | ayer i ch usuyal lts in a
defective fabrica ré%q{??lr gﬁclgcteggéhtg%é#a(])@e?g@%ip\(’lzygrnlﬁy un};l%ga&r‘ ér;(tlaqei?éﬁuayer usi ng
conpounds such asetddrattictsm Allimisemngesspdroods tes BRranetdie sahsisrate to
prevent such diffusion. Unfortunately, copper does not adhere well to the
barrier |ayer dGPPREL €0ddtIshPRAYSIméoT @AMPiandnitArpo6f relatidedameéts. In

ULSI manufacturijn o%@%ﬁﬁéyga%t@;ﬁégogﬁ%cghse & VfcoWdﬂEQ% gu%s%ﬂ\?&ﬂ However,

: _ . 2 & MrY 700
; QRSTUVe3eU'R(6T"(. 2 4 hi ’\@m 99:3-1.11~ PCri~S9S~~5a9S *166166%"~
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sub-hal f-m cron range oor ‘adReSion results I'n f'ects
usual ly fatal talthentiabid aat ed idedlegeddledrdhtdadbhiinects because of its lower

conductivity and poor electromigration characteristics relative to the

other metals mentioned above.
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2 4 h~;~~ 2C2 CVO 99, ' 3-lair PCT/USSS; ?~a9S -3 Consequently, the i n%lulls rY 2

has turned twoasmuwrber of copper electrolytic solutions to adOd€®YSIHIAIHE

- problem a prom sing solution being copper cyanide in basic solution.
However, if copper cyanide in basic solution accidentally cones in contact
with an acidic solution, a byproduct of high[ﬁ toxi c cyanide gas is forned.
Thus, the use of copper cyanide in basic solufion is strongly di scouraged
in manufacturing for safety reasons. Accordingly, it is desirable to

provide a netallizatiQn,ahacess s H&rx%eﬁ@ﬁhﬁﬁqﬁ@?éeaéncﬁ‘ b@&sf‘r{t&ggpeeds of

conductivity, in an i nt er connect system which overcorre the a

ment i oned short d:imeuen@svmasjbesomerfpsker deotvoad carlcedandnhiaghliying datwiguab) e.
1 4 N~~Y 1~-"nl WO 99/ -t-11~ P / US98’ =~-1 98 BRI EF SUMVARY THE

| NVENTI ON The pﬂ”é%éﬁf‘ HAYEHY | Ynthsr BNeTgeRnectBe ) 1astPaceriA ﬁﬁtléﬁl making

i nterconnect syst&a)s ﬁé?ﬁﬁ k81r5] LPREINI| s HaBRAFR HhetaftiSH[JrACcenel 2

substrate that has at |east o via. A conductive layer 1s fornmed onto the
barrier layer. AopHotoviyidttheayeercoanédrnaubertroe elen qooductitival iratter . The
phot or esi st A netal  via onto the at

| east one vi gay%\;%géméﬁégfe‘gf?é%é YRET gg?l gg‘flrtg’ts%g 8{?@ HIegTeT i Fayer

f’f ngholt gr fz ImS)E/ egﬁtmwalfmeu%nﬁu@esvec\&@yarngm%esaqy%ﬁﬂ Hght he netal
conductivity, such as copper, have become highly desirable in
interconnect systems. One process utilizing copper, known as
"Damascene”, involves etching a dielectric layer such as silicon oxide,
deposited on the surface of the substrate, to form patterned vias and
oxide trenches. Copper is then deposited into the patterned vias and
oxide trenches by way of sputtering or electroplating. Unwanted copper
deposits are then removed from the surface of the substrate using
conventional chemical-mechanical polishing (CMP) methods.

However, this process is highly complicated and not readily controllable.

In processes, similar to the Damascene process, copper is
deposited by electroplating. Using electroplating for metal deposition
has its shortfalls. For example, copper tends to diffuse into the
underlying and adjacent dielectric layer which usually results in a
defective fabricated circuit. Therefore, typically, a barrier layer using
compounds such as titanium-nitride needs to be formed on the
substrate to prevent such diffusion. Unfortunately, copper does not
adhere well to the barrier layer during electroplating resulting in poor
interconnects. In ULSI manufacturing where the interconnects have
widths in the sub-half-micron range, the poor adhesion results in

defects which are usually fatal to the fabricated integrated circuit.
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L't NNi=~i Lf::.iL w0 99/3.t.11 s PCT/US981"' 5-i 98 BRI EF DESCRI PT? (§'NM(3\é 2%
THE DRAW NGSwhw/figgt ures, aspects, and advantages of the presentudogrysngi on
-will beconme nore fully apparent fromthe followi ng Detail ed Description,
appended cl ai ns, and acconpanying drawings in which: Figure 1 illustrates a
cross-sectional view of a via-patterned substrate with a barrier |ayer and
a conductive layer fornmed onto a surface of th&-substrate; Figure 2
illustrates a cross-sectional view of the substrate with a devel oped and
fixed photoresist; Figure 3 il|ustrates a cross-sectional view of the

substrate with a met ab-OBepYTEd 118 IPERAIYV RS HIRRT ha THETRPT Pf RRBPET gur e
4.illustrates a QpO$8nARCLAIARBRs tbBMREsd B%s?%gﬁfemtéap%xhrj‘?iﬁ aJphiigs and

nmetal lines after the ‘photoresist is strippe Figure®5 trates a
cross-sectional bding wippeheysnitst inbasiosolutiona Hbwgsenriflcopped ctamds imf t er

the conductive layer a]gfl.the barrier Iogartﬁer.are rermv\(i_jd; Fi gre l6 :

illustrates a crifSsc SR BhAFCOPRR YIRS YUBIAGE Wit #y acidic solution, a
byproduct of highly toxic cyanide gas is formed. Thus, the use of copper
cyanide in basic solution is strongly discouraged in manufacturing for
safety reasons. Accordingly, it is desirable to provide a metallization
process using a desired metal having high conductivity, in an
Interconnect system, which overcomes the above mentioned

shortcomings and is simple, economical, and highly controllable.
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an optional diffusion barrier layer formed on the via plugs and netal
lines; Figureespa+aad 7b illustrate a cross-sectional view of PET/Y8?&I5¢98 of
-an integrated circuit (1C) forned by the process of the present invention
with Figure 7a show ng the portion of the IC without the diffusion barrier
| ayer and Figure 7b showi ng the portion of the ICwth a diffusion barrier
| ayer; and 2 4 ha~~ ~C~ WO 99/3S 1 rcrn;s9s;~8."~9s -s Figure 6
illustrates a flow chart depicting the steps of an enbodi ment of a process
according to the present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
In the follow ng description which follows nore specific details and
exanpl es have been set forth gRIBFAIKEVA N wnrdenstansi ng of the
present invention However, the specific details and exanples do not limt
t he boundaries of the present invention and one having skilled in the
o oo o0 ol LAGer P Bl AR A0 A it O
these specific details an nstances, well kno
structures, pr ocesSﬂ&recmhetce@pmeque& hm&rnmyerbeéﬁrmédi wsito at ackfice avoi d

unnecessarily obscuring the present invention. chlr el jllustrates a
semi conduct or subsEHAEEAE tté‘amté?ﬁséodieeﬁlécﬁ F‘é“ ‘é‘?é‘fe YESRF SFTeA t he
embodiment of the RresSAL Hapyentd PREIQECNELRL 1) (diasedaeg, dhpos! | e
and vi a-patterned using a standa V|a pattern|n tec ni que. |as 4 are
formed within diel echtuctivaysyer3. Tie photoresist lager kayetternddic hudieng) wa

conductive or an insul ating terial is_ forned over diel ectrlc | ayer 3. The
barrier layer 5 al u%dﬁ/é?’é“? ONfRINE 2bdrashope ¥dpi femAtak! lﬂeéﬁéortrﬁ‘éd bott om

surfaces 22 of viagdy sBRf Heffél Lf%yﬁlr g PREYAN: B3 Has%%las't if12erhby gBatmé

| ater deposited in each via 4, use | e under |yl ng and adj acent
dielectric | ayer 3cobdiittige dmye:rt nbheonemeail by mhm:)métazl dnel satermavddyer 3 nay
cause defects in the fabricated integrated circuit. 2 4 hs ~Y 2Cn~ CVO
991 3-i-1 | ~ PCT/LS9S; 25.198 .7_
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Typi cal a thickness of barrier layer 5 depends on the netal to be deposited

and the condwbisen+4id which the nmetallization process is used. PEBUSYB25498

- exanple, for copper, typically, a 15-30 nmbarrier layer thickness is

sufficient to prevent diffusion. Appropriate, conductive materials for the

barrier layer 5 may be titaniumnitride or tantilum for exanple, if the

barrier 5 layer includes a conductive material It 7s conceivable to persons

skilled in the art that an insulating naterial nay be used for barrier

layer 5 . In this case, the barrier |layer would have to be renoved fromthe

vias 4 at the end of the process so that the barrier layer 5 does not bl ock

or interfere with the C0ndUCEﬂgﬂE9@ESEFﬂEﬂlQEﬂQEEQ%E%MQEl%Hi@E@ exanpl e of
insulating materials of whic arrier layer 5 coul e made is silicon
nitride. Next, a thin conductive |ayer 7 is deposited over barrier |ayer 5.
This | ayer conducts an | urr. t i i L0,

el ectropl ati ng process 3*?%?%% r 6a;§$#$dﬁﬁ%?gpﬁg%%g%$€tﬁ%éﬁ%*%ﬁigg%@bgﬁ
metal |ine 30 (Fi guvdll Bpcomeomvira fpllyg %zre(rﬁifgcomett{é)f.oll]ibﬂnglme:ttarleal ating
process utilized to _deposit the netal f w il be further described later in
this section. Wil éPBHERIEIN |aRRENAS ] GlaimiiiaRg aFCOBRAIVIRG G AivgS B such as
a titaniun1conpounqNb§jglso capabl e of carrying a current that may be
utilized in the electroplating process, barrier layer 5 is not such a good
conductor and may cause Figusailf bhustiates £0tostisentioddleviaanefuniviazpatternadnt

fl ow may cause non-uniformformation of via plugs,6 32, and o% t he net al
lines 30 during el eMOsERIaI HY2AASTIRE #w&riaﬁdﬁoe,?ma%ﬂ\ieta\wﬁ{e fm9d ABE 30 and
via plugs 32 whi ch adverselealbeghid he reliability of the fabricated .
integrated circuit. 2 4 htr~Y 2C2 WO 99/ 3.1. 1D PCT/ US9S/ 25. ~98 -8
Conductive | ayer 7 proviEegsireni illosmatkspo sidss sactodnal heewedfathevsubstratey svig?
and of metal lines 3Q during electroplating. allowing current to uniformy
fIOM/therethrough.EW%F%%@BF&Egﬁﬁgﬁﬁgﬂgﬁ"?ﬁgéﬁ 7 al so provides enhanced
adhesi on of the via plugs32e anAusEhals d HRS-s8% drtal WiBwSHORer RibBtrhte With S
preferred that conductivelayer 7 includes the sane netal, or a netal with
a sanme crystalline ameak depositecato fdren mit plugsoaryk mkdplokinesed i nto the via
4. For exanple, if coppet. is to, be used as an interconnect netal for .
substrate 1 i1 s prof e 4 S CEONG CTa0ReFUYA o1 i LB BARe it a
metal with same cryshalibpoendr @Rl At fetahe Fhotbfdsdl is EQIppeEND! €. _
However, conductive |layer 7 may include other ‘netals to achi'eve the desired
resul t. Various processebigmag ShidlugFetest o cegspisycti oral copyuet theesubairete witho

he b i I . i i . i i .
(e DRt T Tevet S NEgBUth BLRTh 3TN0 PR S

cross-sectional viqmy@maﬂyghnbb@dﬁubstrate after a | ayer of photoresist 9
(hereinafter referred to_as "photoresist 9") has been applied, exposed to
light through a predet erfignae bniblugiragesta srasswastionande edieihsgadstrgtayith
phot ol i t hogr aphy t echni L n_th rt. Aft thg phqotaresist, 9 is
applied and patterﬁga?Pﬂ§§§5ﬁ§ﬁ§$%§?§¥“§f?@ﬁg#ﬁgﬂ?ﬁ<¥h§“ayéggu éP& t he
deposi tion of netalmemlnotesiesi red. Because photoresist 9 is an
electrically insulating material, photoresist 9 prohibits the passage of
el ectrical current betwldBuree7eanguth illestiady arcrpsapertiomab vy o3l pettian

bat h which is descrjhed. [ I.S: ~Y .l C2 : 3=

PCT/ t, ' S9S/ =5a98 _gdfba%elsr{lﬁgégt?%l{}hgltéle@os|rﬁegnbg#l er’rgf%ﬁgy{)fpgr}ﬁ E/)}els%] tt hose
areas where there ijfveatiphobRheBiigaire 7RY§HBAngYthel PoMlddl of I GEitHiduOthe
processes, positive tone photoresists are used in the netallization ?rocess
of integrated circiffyision pagier laxer and figutoreshoving the postion @fithe IGhi ch
under goes a chem cal .. cha 4 t ight. Those portions of the
phot or esi st whi ch ﬁégé ggﬁ“§§§2?2§8€§5@?gﬁﬁdm@sh away in the devel oper
when the photoresist is devel oped. A positive tone photoresist is not
adequate for substrates with vias such as the ones utilized in connection
with the present invention because it is difficult to sufficiently expose

t he photoresist to light to a depth of a via plus a netal |ine thickness
which is typically about 1.5 mcrons or greater. This may cause portions on
the photoresist to remain in the vias during devel opi ng, thereby preventing
formation of nmetal in the vias during electroplating. This difficulty is
avoided in the present invention by using a negative tone photoresist. A
negati ve tone photoresist is a resist that undergoes a chem cal change when
exposed to light. Those portions of the photoresist which have not been
exposed to light wash away in the devel oper when the photoresist is

devel oped. Consequently, when a negative tone photoresist is used to nmask
areas where netal deposition is not desired in the present invention, only

. - L T .
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2 4 h3~Y 2C2 WD 991 3-1-115 YCTIUS9SI'-S.19S - 10 will remain after
devel opi ng. Whephiot or esi st deposited in the spaces where theroptadsA51#98%es
-are not desired is typically 0.5 to 0.8 mcrons in depth, and proper |ight
penetration to this depth is easily achi evable using conmmercially avail abl e
negati ve tone photoresists and current photolithggraphy techni ques. Figure
3 illustrates a cross-sectional view of substrat8 1 in connection with
deposition of a netal via plugs 32 and netal lines 30. Wiile two via plugs
and netal lines are shown in the Figure the follow ng discussion will focus
on one via plug and one netal |ine being understood that the discussion
equal |y applies to all Vigupl 8gsugnstesatftdw lchagsdepleaingliig stebsaddanet al
line 30 are fornmed by using an el ectroplating process. 8y way of exanple, a
pH neutral copper - BERFIBWNAf h P5REaSS ascrdinpperthe presard iHy6BEOBOl ution in
the range of pH 6.5 to 7.5 may be used as an el ectroplating bath if copper
is the desired netal to be deposited. Because the neutral pH solution does
not chemically attack the BEAIAREPDBECRIATION OR THEVIEENTO NI t he
neutral pH solution is that the integrity of the photoresist pattern is
mai nt ai ned during the electroplating process and hence the deposition of
the metal in undesired g&gs fbloRiR !&%%lﬁﬁtiow h RHoWA dtasedcpld neutral
el ectropl ati ng sol utions are commerci al avai l able fromthe Efectroplating
Engi neers of Japandetaith afdcE3fNnplénhehebetrset typtiate pgopidecasboraughur r ent

is applied between the conducti | ayer 7 .and an anode of an el ectroplatin
vl 1 Enot shovm - REGEETEBaH Pl Ene B Ftent 1RU ST CtaERE T JBe RSEIS Causos

metal ions from thgegliRCi{@Rkakigles BatdbtiAnRaneaBiGRA il dreliRl hiesest at e,
and hence netal 11 becones deposited onto the 2 4 hiNYy 2C2 140

99/ .i-t.| 1~ PCT/ USgSteriticrpgndmmiibevirg $kalled inviherendénaryuatt wolhdecagnise

| ayer 7 is not cover by. phot.oresist. |t has been denonstrated,that th
growth rate on theﬁgﬁeﬁé\?dppe?éoglc&ﬂg?e PFFéﬁlC?iieW‘SEB\M etsgtsge&{fctﬁ%taﬂa of
the via trench. Copggapd | h seeaheGntOD ANl RACNOERES GRS pidcksspdhsid at e
vial without void formation. Figure 4 illustrates a cross-sectional view of
the substrate 1 intechangees baveunoh beea iHupsoted uf aveid phoeesssarilt after the
deposition of the | . el ro ing. Photoresist is typically
removed by well -knggwgl&arﬁ%&ég%ferﬁgg%tnh&e\%OIP\Or dry processes. Figure S
illustrates a cross-secrional view of substrate 1 where the conductive

| ayer 7 and barrier |ayer S have been renoved around netal |ines 30. This
step is inportant to pr&ignte bildestratear sspvcendugtonisubsatak Onte hehighta|
lines 30. A pluralj : | d 0 f

obt ai ned by way of ngaélrcg‘égglls?’d@g%% g’\e}ﬁ E’ﬁgﬁaﬁ}ﬁ‘%\ms@?g@? %{g%\/\%trm 3é/te g “Br

sputter etch procesdgsdribedReresehaobeeritepositel enddugipaverhey eising and
barrier layer S fromthe substrate 1. These processes are well known in the
art. However, in tRENERER indrRdtesRing tachpigne: Vigssd apnfpiraed voit

i nsul ating materi aly; : o] 4 | 7= |81 £0QV [, Ok
illustrates a cr osgieég{:kh\éol%\g% \§/'i ggv%r%aﬁéﬁ?)sr esrt:)r!a éuql%n%gmoﬂghgn%\g%f’?lapnes
30 encapsul at ed byisulfting Inaytetiadls formersolved diddedtricdsyed 31 hbarpidrs
conformal |y deposi fed onto the netal |jnes 30. Insulating material 13 may

be, by way of non- [3Y%F 3 380 ERHAT ke WrHs AR thahdniiny viasi4 épA thedbotirm

Silicon nitride ac Aj ipon = =1 /13 ~

PCT/ US9S! _5a9S - 3 dtes bf g*y%r‘p'pPavieﬁ?Fka‘ %gtzgfg“&f %‘f’uqs‘??%nl??ér %imﬂ:‘ e et al

line sidewall intoldteredappsicehin dach eid 4, © didfiae idto HiguneerlFingadd7b

illustrate portions of an integra}ted cireui CP wi th via plugs,. and netal
r

, t. (I . . .
lines fabricated b§diRg§nofielerdrisraress & é‘ﬁi_q(ﬁbﬂ Hisometalinge the dielerBits t he
D O he | & Mehatnal gt LEHRAOM, AR fhElcal Y Rhcart LR ShovS 1 he

portion of the IC w usron barrier layer ure 8 shows a flow
chart that illustrates the process of an




enbodi mrent of the present invention. At block 81, a dielectric |ayer 254 MAY 209
deposi ted ontwobhessssibstrate and patterned to obtain vias. At fdpokesB2i9sa
barrier layer is forned onto the substrate. At bl ock 83, a conductive |ayer
is formed onto the barrier layer. At block 84, a negative photoresist is
formed onto the conductive | ayer and the photoresist is patterned. At bl ock
85, a netal via plug is fornmed onto a via and a-nktal line is forned onto
the netal via plug by an el ectroplating process. At block 86, the
photoresist is renoved using a wet or dry etch process. At block 87, the
conductive layer is renoved using a wet or dry etch process. At block 88, a

di ffusion barrier layer Ls_for .ont o t conductive naterial . In

f oregoi ng specification, II?Rlecail %glﬁ_ 6re ﬂggarﬂéeé aﬁ%rs%ﬁeggﬂg\?viotrh&\ge?‘gfagﬁﬁ’e to
speci fic embodi ment se idepioenéd arnd wied tondigvRRWhi® @iel BefdllizhBbn \R6LEY4S]s
modi fi cations and chanc?es can be nade to the specific references w thout
departing from the 8grG.i Asandexpple, I coppernty@itallyn a 1R:3dnat hatrier laper

specification and d ' . s i @i Q991 3-t. i~ PCT/|JS9S;
35.i9S - 13 are to {)}gwﬁﬂ%grlaesﬁ fﬁﬁllgta“ntqg %vse[nr%a%{?f\?g Thit %eDr rtollfélr?t%f 4°ens H5C15 ve
sense and the inveniiaeerislhdot dhadarfer layet SedagteeftaraSnbnitrite &CeHnany, ng

claims. WO 9913 i"[o-rtexlan:lupl-e, %fﬁhé%i%i\e;r;lg(yer includes a conductive material It
is conceivable to persons skilled in the art that an insulating
material may be used for barrier layer 5. In this case, the barrier
layer would have to be removed from the vias 4 at the end of the
process so that the barrier layer 5 does not block or interfere with the
conduction of current through vias 4. One example of insulating

materials of which barrier layer 5 could be made is silicon nitride.

Next, a thin conductive layer 7 is deposited over barrier layer
5. This layer conducts an electric current therethrough which is
used in an electroplating process utilized to form a metal 11 onto the
via 4 and a metal line 30 (Figure 3) onto via plug 32 (Figure 3). The
electroplating process utilized to deposit the metal 11 will be further
described later in this section. While barrier layer 5 including a
conducting material such as a titanium compound is also capable of
carrying a current that may be utilized in the electroplating process,
barrier layer 5 is not such a good conductor and may cause non-
uniform current flow. The non-uniform current flow may cause
non-uniform formation of via plugs 32, and of the metal lines 30
during electroplating resulting in poor quality metal lines 30 and via
plugs 32 which adversely affect the reliability of the fabricated

_integrated circuit.
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2 4 H~~Y ~~~2 PCT/ US9S/ 25~95 A proof of principle for a single step via
fill and nmetad 99336 patterning process. The previous netal | ayerussns98
-alum num and the via and the subsequent |ayer is electrodeposited Cu. Via
width is about 0.5 mwhile the depth is 1.0 m 2 4 (~ ~Y 2C2 -15 Wat
is clained is: A nmethod of form ng an interconnect system the nethod
conprising: (a) forming a barner layer onto a sl#face of a substrate that
has at |east one via; (b) formng a conductive |layer onto the barner |ayer;
(c) form ng a photoresist |ayer onto the conductive |layer. and patterning
sai d photoresist layer; (d) formng a conductive via plug onto said at
| east one via and form ng a conductive interconnect line onto said
conductive via plug; (e) renoving the |ayer of photoresist; and (f)
renovi ng the conductiverayecﬁneﬂapmvémmdvbyssaﬁ&xmmmbposﬂknxbﬁﬂeaunnabct

line. 2. The nmethod of cla_.m1 ere rther co ses plying a
negative phot oresi%sf RlYgs 2 o?ﬂ%#hﬁ%‘?tél)ﬂﬂéig’? rFrég,glrectrgﬁgat F%@ '?he
negative photoresigirréyes un@for;mglf'l‘@\tv'h@\@r@cﬁ‘LrGuﬁemPJ{oréMV’err,eE@n&xgétl\té'rt her

conprises form ng the conductive |l ug and t conductive i ne by way of
an el ectropl ati ng lpyecésdso provides rmhhoded adbesiomdd thever plugs B2 andnducti ve

| ayer is a materi al cr [ 1 st.ruc e as the. teri al
toybe deposi t ed bymg aggir}ea a{%} ﬂ'& Rarstoate ¢ Il 15 preferreé Yhat concIuc%vremlayer

7 includes the same metal, or a metal with a same crystalline
orientation, as the metal to be deposited into the via 4. For example,
if copper is to be used as an interconnect metal for substrate 1, it is
preferable that conductive layer 7 includes copper or a metal with
same crystalline orientation such as nickel, for example. However,
conductive layer 7 may include other metals to achieve the desired
result. Various processes may be used to apply the conductive layer
7 to the barrier layer 5. One such process is sputtering. Sputtering is

a deposition process well-known in the art.

Figure 2 illustrates a cross-sectional view through the
substrate after a layer of photoresist 9 (hereinafter referred to as
"photoresist 9") has been applied, exposed to light thr;)ugh a
predetermined metal pattern mask, and developed using
photolithography techniques known in the art. After the
photoresist 9 is applied and patterned, the photoresist 9 remains in
the areas where the deposition of metal is not desired. Because
photoresist 9 is an electrically insulating material, photoresist 9
prohibits the passage of electrical current between the conductive

layer 7 and an electroplating bath which is described later. This
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5. The method in claim3, wherein form ng the conductive via plug and the

conductive | wmodmpsway of an el ectroplating process conpri ses AQMEsyscsugst he
-substrate with the barrier layer and the conductive layer in an

el ectropl ating solution that does not chemcally attack the photoresist. 6.

The nethod of claim5 wherein said electroplating solution includes a

sol ution of copper sulfate having a pH range abowt- 6.5 to 7.5. 2 4 h~~Y

2C2 -16 7. The method of claim1l, wherein the barrier |ayer conprises a

material that prevents a netal of which the conductive via plug and the

conductive line are made, fromdiffusing through the barrier layer. 8. The

method of claim?7, , Og@ir‘l‘tﬁéi‘%eﬁ?%irtiio‘?\roﬂ AEREl COBREY $fthdie GREROWHErE NRékdI NG

titanium 9. The net in clai , Wherein the barrier layer conprises a
conmpound i ncl udi ng i$ avot photaredi®t. The nethod in claim 1, wherein the barrier
| ayer conprises an insulating material. 11. The nethod in claim210, wherein
the barrier layer conprises a conpound including silicon nitride. 12. The

method in claiml, \Ahereiry?@ékmy Gandyst ixﬂ&iﬁ%ﬁfriﬂ§ fodmBE&! ir?@sitwbaiories _
el ectroplatable. 13. The’method in claim1, where ﬁ t he conductive layer is

a material sel ect epHotorasgatpape cosesi 5t theymeftaltieppen prgodsd ,of nintdgrateaind
silver. 14. The nmethod.in

laim1, whereipn the step,of renpving the

conductive |ayer i fET°Ues “5939‘?&“5 bde BF‘BRN_S?IBEES%.P*‘EQE ng“f@?lﬂ_od inclaim
1, wherein the stepfferp88PYidhAnlibA GRMEICIVIER dxd¥Eed td TioHdeTHeSE MbraoHs Y
etch process. 16. The nethod in claim1,” further conprising the step of
addi ng a di f f usi on dfaheiphoteresisev hishrieay ecertuexpasedntat lightaivasit eerayt ine
removal of the ConQHgtde\Ceé‘]olpae%e&/hen the photoresist is developed. A positive tone

photoresist is not adequate for substrates with vias such as the ones

utilized in connection with the present invention because it is

difficult to sufficiently expose the photoresist to light to a depth of a

via plus a metal line thickness which is typically about 1.5 microns

or greater. This may cause portions on the photoresist to remain in

the vias during developing, thereby preventing formation of metal

in the vias during electroplating.

This difficulty is avoided in the present invention by using a
negative tone photoresist. A negative tone photoresist is a resist
that undergoes a chemical change when exposed to light. Those
portions of the photoresist which have not been exposed to light
wash away in the developer when the photoresist is developed.
Consequently, when a negative tone photoresist is used to mask
areas where metal deposition is not desired in the present
invention, only the photoresist deposited in the spaces where the
metal lines are not desired, i.e., between the spaces dedicated to

metal lines, needs to be sufficiently exposed to light so that this resist
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- wherein said conductive via plug and said conductive line include copper.
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conductive layer, wherever such conductive layer 7 is not covered
by photoresist. It has been demonstrated that the growth rate on the
sidewall is slower than the growth rate on the bottom of the via
trench. Consequently, an electroplating process can fill substrate

vias without void formation.

Figure 4 illustrates a cross-sectional view of the substrate 1 in
connection with the removal of the photoresist after the deposition
of the metal 11 by electroplating. Photoresist is typically removed by

well-known and conventional wet or dry processes.

Figure 5 illustrates a cross-sectional view of substrate 1 where
the conductive layer 7 and barrier layer 5 have been removed
around metal lines 30. This step is important to prevent electrical
short circuits between the metal lines 30. A plurality of metal lines
30 spaced from each other may be obtained by way of the process
described herein. A selective wet etch or sputter etch process may be
used to remove the conductive layer 7 and barrier layer 5 from the
substrate 1. These processes are well known in the a;t. However, in
the case where barrier layer 5 is comprised of an insulating material,

ondy the conductive layer 7 is removed.

Figure 6 illustrates a cross-sectional view through substrate 1
showing metal lines 30 encapsulated by a thin layer of an insulating
material 13 which is conformally deposited onto the metal lines 30.
Insulating material 13 may be, by way of non-limiting example,

plasma enhanced silicon nitride. Silicon nitride acts as a diffusion
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barrier layer preventing metal diffusion from the metal line

sidewall into the adjacent dielectric layer 3.

Figures 7a and 7b illustrate portions of an integrated circuit
(IC) with via plugs and metal lines fabricated by way of the process
described above. Figure 7a shows the portion of the IC without the
diffusion barrier layer. Figure 7b shows the portion of the IC with a

diffusion barrier layer 13.

Figure 8 shows a flow chart that illustrates the process of an
embodiment of the present invention. At block 81, a dielectric layer
is deposited onto the substrate and patterned to obtain vias. At block
82, a barrier layer is formed onto the substrate. At block 83, a
conductive layer is formed onto the barrier layer. At block 84, a
negative photoresist is formed onto the conductive layer and the
photoresist is patterned. At block 85, a metal via plug is formed
onto a via and a metal line is formed onto the metal via plug by an
electroplating process. At block 86, the photoresist is removed using
a wet ordry etch process. At block 87, the conductive layer is
removed using a wet or dry etch process. At block 88, a diffusion

barrier layer is formed onto the conductive material.

In the foregoing specification, the invention has been
described with reference to specific embodiments thereof. It will,
however, be evident that various modifications and changes can be
made to the specific references without departing from the spirit and

scope of the invention. Accordingly, the specification and drawings
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are to be regarded in an illustrative rather than a restrictive sense
and the invention should not be limited except as by the

accompanying claims.
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APPENDIX
A proof of principle for a single step via fill and metal line
patterning process. The previous metal layer is aluminum, and the
via and the subsequent layer is electrodeposited Cu. Via width is

about 0.5 _m while the depth is 1.0 _m.
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1. A method of forming an interconnect system, the method comprising:

(a) forming a barrier layer onto a surface of a substrate that has at least one via;

(b) forming a conductive layer onto the barrier layer;

(c) forming a photoresist layer onto the conductive layer.and patterning said photoresist
layer;

(d) forming a conductive via plug onto said at least one via and forming a conductive
interconnect line onto said conductive via plug;

(e) removing the layer of photoresist; and

(f) removing the conductive layer not covered by said conductive interconnect line.

2. The method of claim 1, wherein (c) further comprises applying a negative photoresist

layer onto the conductive layer; and patterning the negative photoresist layer.

3. The method of claim 1, wherein (d) further comprises forming the conductive via plug

and the conductive line by way of an electroplating process.

4. The method in claim 3, wherein the conductive layer is a material that has a same

crystalline structure as the material to be deposited by electroplating.

5. The method in claim 3, wherein forming the conductive via plug and the conductive line
by way of an electroplating process comprises immersing the substrate with the barrier layer and

the conductive layer in an electroplating solution that does not chemically attack the photoresist.

6. The method of claim 5 wherein said electroplating solution includes a solution of copper

sulfate having a pH range about 6.5 to 7.5.
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7. The method of claim 1, wherein the barrier layer comprises a material that prevents a
metal of which the conductive via plug and the conductive line are made, from diffusing through

the barrier layer.

8. The method of claim 7, wherein the barrier layer comprises a compound including

titanium.

9. The method in claim 7, wherein the barrier layer comprises a compound including

tantalum.

10.  The method in claim 1, wherein the barrier layer comprises an insulating material.

11.  The method in claim 10, wherein the barrier layer comprises a compound including

silicon nitride.
12. The method in claim 1, wherein the conductive layer is a material that is electroplatable.

13.  The method in claim 1, wherein the conductive layer is a material selected from group

consisting of copper, gold, nicker and silver.

14.  The method in claim 1, wherein the step of removing the conductive layer includes using

a wet etch process.

15.  The method in claim 1, wherein the step of removing the conductive layer includes using

a dry etch process.

16.  The method in claim 1, further comprising the step of adding a diffusion barrier on the

formed conductive material after the removal of the conductive layer.
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