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ELECTROPOLI SHI NG ELECTROLYTE AND METHOD FOR
PLANARI ZI NG A METAL LAYER USI NG THE SAME BACKGROUND OF

wQa R60BENTI ON (A) Field of the Invention The PCEERIW5/010628

invention relates to an el ectropolishing electrolyte
HUECTHRORALISHHNGI ElrEC TRODYT R ANEX METHOEFORSPINARIZING A METAL

ﬁ_?WEtR g?m@tﬁ_@ FA‘M'E‘ cularly, to an el ectropolishing
el ectrolyte inclu

ding an al cohol additive and nethod
for planarizing a nmetal |ayer using the sanme. (B)
BACKGROUND OF THie INNGENTIOIN Art | n seni conduct or
manuf acturing technol ogy, an ideal planar surface

Lt haut . al titudi di fference is necessary for
%gh%ué%ﬂnglﬁﬂe&%g%ithography process to avoid

exposure scattering so as to realize the precise

PRvetppedent Invonticer relites ot rgsl@dt@polishingeléctrolyte and method for planariz-
AP IRAD 388G e BOhL SuHbrk BaRRAAP oI edtiddBhshing electro-
used sugfdce planarl zafion tec oci%r}@curr%g )
Ipinclisingcansriophal arpve sn petead P & mefgl layer using the
chem cal - mechani cal polishing technol ogy faces sone

i nportant theories in actual applications, such as
tern effect, r i ng, sel ection ratio, dishing,
ggia PR ongiing ﬁgﬁr%’u g abrasion and clean ing
after polishing. In addition, to neet the | ow stress
1@ Gerhicon@dtor anut2cturvf ©thrilshy| amiddabplesarsueface nithauttaltitudinal

con Lty ' 8 exar _
AR S rLETBE PRI AeoBghy bl o vl oonr
esARIing $OtaS P RealizRdif BracisrRatRIA TaarTens 'P?H?@{ad circuits. Chemicai-

theachanicalgolisting teshaclbgyjsc wishiyuged sutfaceolamprization technology in
ol ﬁ@ﬁ%eﬁﬁc@idh%?%ri‘é@tio%%r%ds@.n Helvel&ethe chemical-mechanical polish-
chem cal - n&chanl cal . pol sgghna .tech poLoF%%ﬁ bgl—:\caugt?chogs attern
&g fepiology /A ReSgiee g(ira#ag PRSP RGUgLPRERTN: P
reffdcictempvirer seledtien rafies disping oserataling cangddnsigatinosaiviasion and clean-
9 a\}qér @aus%ﬁm hnRELItSA] BgndattiR IBWGtrESs RRFEIMERt fOP P2 YWATer and

n . CO . . o
By et o aht walifakr Rl Ehe iRALHEL Al i BRI tochRoay wil
epefcant yithaneraghalenessl ogy is generally used to forma
copper conductive |ayer. However, the copper

CONHardd ¥8né @ﬁ@rﬁicﬁ‘-b'ecﬂn‘?%\“?ﬁisﬁin k&MnBR ?,ht{qe%!léactrBBolishing tech-
trenches on t eer ace o e Eﬁ%r,.w{%c w || ishi
falogyk aps PReIMR AR BlteRatA satgion phihegfeaygaldreshayicalpolshing tech-
sabgye Geeausealt ee‘te_cralpaqwaeﬂage@swhcasefsduci@mmmng:reﬁgﬁng particles
brbgé\!flb{gdemdmauagg @%deesr?ﬁftioh,hﬁgm{)&%ﬁfhtb rbt_’éVé?th hPPrebsuré Applying
an ectropoal i shi.ng el ec e, in.c [ .an
B 345, o i 0 R Fonlfbresss of fielhesief o et Bhauctor
fabyieatians theelesteopiating technology is generally used to form a copper conductive
layer. However, the copper conductive layer will produce a step height due to trenches
on the surface of the wafer, which will further influence the planarization efficiency of a
subsequent electropolishing process.

SUMMARY OF THE INVENTION

The objective of the present invention is to provide an electropolishing electrolyte in-
cluding an.alcohol additive and method for planarizing a metal layer using the same.

In order to achieve the above-mentioned objective and avoid the problems of the prior
art, the present invention provides an electropolishing electrolyte including an aicohol
additive and method for planarizing a metal layer using the same. The present electro-
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i ncluding an al cohol additive gnd nethod for
planarizing a netal |ayer usin§ the sanme. The present
epatiching eictrslyiengpnedrizes malagidesotutiop ahd @a atgvhatadtitive having at least

ﬁ&*ﬁ‘l@})gg& u ,r\}vvl\ﬁjrém% ccﬁﬁ‘é’d'ttah%ﬂs oPﬁ'r\éieﬂ%r%L?&? is QRfaller than the

r , rern the con ct angl e e,
s Pgla of they 21 SO arie Mot feverindes iegtsopalisging: Jie alconol
t dmiditiveiisl salettad from mathanoteethbndl apd glygaddrand the acid solution com-
?ﬂ)ri’s%% ﬁ)ﬁtﬁéﬁﬂogleiaaig{ TE@Q/loﬁ‘gﬁ&ﬁ@lllatigg?%l &éfglntbﬁ)thﬁgblgﬁifc%id is between
PO 1 2R hrerERa D oo e Mo e o8 B b P and 1:150 for
rrmethenelfto ghgsnkore acig, mfgb,@weem 4:180 iagd 11 39foneibanaltg phosphoric
agid. LinZditioR) 1k ecritdojutibh ¥her TH@pNsEstEmBdrtbRic laaid seldcted from the

b ” ikt et hanal "y
008 Syl By 20kl 861 BB o RS ROKGoen 1000
(s [A09PPRMHfer Hhe acgtic i ershpetyern 300 ands §PQR pryp for citric acid.

further conprises an organic acid selected fromthe

OftRUR eSO FvehidtdiSEioskced et ;ﬂé}%ri‘iinggd neBf idfer H&\Mihg at least

concentration 1s bet vvezﬁ 10%’00 .and 1%0 %ﬂogm .01 th@ hol addi

RN §20CaYE 10 ARCHREe LHE BETOR A HBB BT Porsitg gp pieonol addk-

diviedo formearpinbibidion layev enthemetl loyerde seducertbe Rolishing rate on the

PduRfaas beths GndtalTByarlant ARy dhcatidgbligtion!te @slishohe neataldayes, wherein

. [ 1 L

30 sPBSRER0H Bme & rRBh D Padei bR} B8 St e convex

tS9ethaetha polishing rafeyis fasigfced hHasopGXitasn W& RoYipling fate QA the concave.

surface of the netal |ayer and using an acid sol ution

tERIER DSScRItE I ORIEE THRVSRAWEEEI N the acid sol ution

forns a concentration gradi ent between the concave and

the convex so that the polishing rate is faster on the

d@theesbjedings ahe agntagesf theapresent inveetiarowl desomBRIpp#arent upon
RE! felbvidhy délerPRAVEANRIRSA lRRirerel tB Ghd ¥€Sonfdfhying drawings in

%g}r} ages of the present invention will becone

a ent upon reading the foll owi ng description and

upon reference to the acconpanyi ng draw ngs in which:

FIG 11 is a crossisctdsesattionabnewbf awaddrer; FIG 2 is

gigchemat i ¢ diagram é&}%ﬂ@%@arﬂ%ﬁmgwh&% nt of the pla-

€

pl'anari zation efficienc n efectropolj.shi

ol ectrol yte: Fl G NSTEHBNSTIREC) RRAP S eiReRoRs Figs eletyolvte;
dfiGt Bie el ect r opol sbbwsthegllawmrizatmnyeficiérmy aitid eeetngpolishing elec-
l'ine width accor didgtd @r bifrepf REERIHHH SBRIMPR thE bfesefit inven-
shows the poli shi ﬁg rate of the el ectropolishing

el ectrol yte accor 'Pfg to the present invention, FIG 5
iFdGat schemat i ¢ di agewnihernslishieg ratRoidpe elacirgpolshingtalectrolyte

el ectro pol i shi ngaetseihg @ thedrendinderttibnt 0 t he present

iFrl‘é.efglt i on; is a schematic diagram showing the operation of the electro-
polishing electrolyte according to the present invention;
FIG. 6 shows several electronic scanning images of trenches with

width of 1, 5 and 50um; and
FIG. 7(a) and FIG. 7(b) are atomic force microscope (AFM) images after polishing on
copper surface.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 is a cross-sectional view of a wafer 10. The wafer 10 comprises a substrate 12,



FIG 6 shows several electronic scanning i mages of
trenches with width of 1, 5 and 50mm and FIG 7(a)
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after polishing on copper surface. DETAILED
DESCRI PTION OF THE INVENTION FI'G 1 is a
ca distectrisdayasidl a braisr igyen1Ganda medal Iayes 2QaTeg megal layer 20 can be

CHBBPPeF e haWie s Cahwex1d2 éndh ebrealeé RE. ITRY BrestAt indention pla-
rize§ El'bé AL Ia%gr ZUIII(A/ & gﬁ%% dli@(iﬁé e%gtrongg Hﬁélgb ah A¥coho! addi-

2_ can pbe a copper ayer a\}?n a con_v,ex. 5 and. a

ciecandamacid s9lutiqhy. Rglaraiy, ompRen grdlitiug isasleciarbirerglycerol,

| mgibanaiorleshamol, elhéie theoguid selbtiongmay earhprideytospharioaticand an or-

: e"?‘*aﬁ@@ﬁii‘@g%ﬂﬁ! ergpl‘i@BQrir?g{‘tQ@t%ﬁéé(}trﬁg%iﬁhhfng@eﬁ%ﬁﬁ@ﬁ@pﬁw&es the
RENRIC 7 Rt leongl pdenvErky prefeleiTinEd ¥plisyic ratio and the

corgphic aeidih thepladded. Abé drganis awid ean hpaadetic aciddr ciftieacid, and the

n&ineestrdtioh iPh&RBER ﬂ%@d"@n&hﬂldogmﬁﬂgnir ?Eétl%@talcﬁi%ﬁﬁfb@hlvéeﬁ 500 and
an e al coho

fid~st. .t he.phosphoric aci I
aiod&%tm%%&g?n%c %?(g'det gr m ned volunetric ratio and the
organic acid is then added. The organic acid can be
g;afei axicasolationris mgtmgggmmbdczm thbe ealcphalmﬂfﬂ%zvatié %Ilycérsl, the volu-
E%?&i&%&%&e&ﬂ' % %}h% Sutilflfis ﬁ\‘_é?etrétﬁegﬁ n180 to 1: 200, i.e.
bet ween and. 10 m citric acid. Ty he |d2 ’
3B GORCHALOT e SRR 4565 Brelarab Rethase <107 M and
apt 10PeMi Brajenpblyr thie, votumestriotatio wé thei glyqesal itey thef phosphoric acid is 1:
gio\of gé.(fhe gggbeapm 'szt thé ggéégﬂl |'tsr3 .SGifxg(b-e I\/?ht] %d@ﬁ%ﬁ{?ﬁ?\gljélcohol ad-
a_qc"ﬂ%am%aﬂf} atesfangvI e YRR 808 ol HHe S pnoric acid
gs gswveend: (PO pref e1%dhi-¢. the sencesiratien ¢fithe methanobet 257€ is between
. 5®e1001M tand t 87 mgw and te caafhb_dnt'raiioﬂ. of tHeGsthanat at 237€ is between
\P1¢ ' i . ]
Sﬁﬂ??'?a&%biqﬂﬁ&% B, P BREEEN, thePycdomiSFiCTath O She Brethanolor the

&t fo thephosriorREFie 1: 100 of the al cohol to the
phosphoric acid is between 1. 100 and 1: 150, i.e. the

QﬂGPQ'ilht % %H%@t\i@gﬁ %ngﬁgﬂﬁa@%e gfegﬁtﬁﬁlgehg%fbgﬁpfrégﬁizoaﬁon efficiency
B o 0 sleeapol5 o elechizie. ol et 2BUGHPRENSY T paleuted ac-
pordingvio the égllewingl formul'e vol unetric ratio of the

nmet hanol or the ethanol to the phosphoric acid is 1:

100. FIG 2 is a sche t"ﬁzi@%@ﬂ]ﬁﬁp i ng the

measur ement of the planar ci’ency (PE) for
an el ectropolishing electrolyte. The planarization
&liierei ADdy thesdiferbaed aftthe sepdeight oa tancabe 24 ohlthsvstrface of the

fn?étgl%)%r Wikge BRY iaﬁﬁrt e e@cﬁr&ﬁ&l%}ﬁﬁiﬁgcegg it RO RehIBirerence

of ,a concave 24 on the_surface netal |a 0
G55 LomAREHT e ek PR B SR o e Peiaben” Shigeig and after
ietectropolghingeresese. of t he step hei ght of the convex 22
on the surface of the netal |ayer 20 before and after

FIG. 3 shows the planarization efficiency of the electropolishing electrolyte for different
line width according to the present invention, wherein the applied voltage in the
electropolishing process is 1.75 (Volt), and the electropolishing time is 180 seconds.
The lateral axis 4-1, 4-2, 4-3, 4-4 and 4-5 represent 5 different electropolishing electro-
Iyte recipes, and phosphoric acid, glycerol and methanol are expressed by volumetric
ratio, as shown in the table below.
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pl anari zation efficiency of the el ectropolishing

web@cnssiyte for different |ine w dth accordi neCT/BP200&010628

present invention, wherein thejapplied voltage in the
electropolishing process is 1 /5 (Volt) and the.

el ectrop |jshing t|me Phosgwricecish@ycemhe | ater i
4 , 244 3, 4-4 and 4-5 regg.gsent 5 dlffépgﬁ‘%aé}éﬁooo ppPm

“l eCtT UpUl | bnl ”g e] eCl ”U [.llprnorl C
acid, gl ycerol and Eﬁﬁ%@fh@ 5% E;?‘y% d by Citric acid 1000 ppm
olunetric ratio, BAs shovvnln@chétable bel gw. As shown

In FIG 3, the plapariprddpporicadit:anethayolof the -
¢l ectrop8td shing el ectrolyte 14005 Wit hout an |al d¥kerganic acid

at‘lrh 1 | V7= Qnrl aR—oF qarn o an rl L c M-St fr\rmar| nn

T L‘I‘l\, vv

{he plangrjza tion| abi IPhP§PW'Cﬁ9@ glvedmbl  addi thyg

only, the planarization effici@ndy of the ellect roprglanlc acid

N1 ng _el egtg olyte 4t 4 USImgeIpﬁ8§ OXIE%EGI as he r@i&@%ﬂkamd

ddi+ QHRnard nLnr\i- ro

U’U‘rl 1 VC I Q QU'J\.I 1 YU CTITeAl A\ A e CT COU1 U'JUI I S ITT IIU
el ectrol yte 4-3 usi ng t he nmet hanol as the al cohol
aklisttavwrein FI@. 3 dbie plaoarjzatihe efficienay oizthe ietectrepdlisbingretactrofyte 4-5

tvhﬁho%l sﬁsrcemlddamw gné bﬁ%?g’é?r'ic)’éd?d #-the ABELt AC8mipatigthe planariza-

o0 Ry B g BlcRpoadBIPs 5h: e igangatpn fifoncy cfha eiggtrools-
thirg eladiralyte -4 fising theglyrendl @sdie alcohal adeifies isayiparor telthat of the
igdt@pbehirigoslefdiyte Uengsindihetrigthahdt ek tipalbdisdhadditive. In addition,

-' : | r
g{ug gﬁh? lﬁlaggn\%‘f E)nléy\@f @g%lécltr\spﬁhsﬁﬁ’u %@%Htr‘ﬁolﬁ%hq {H?Jd4 % assma
dhgapheicasics spperied & tebAl the slastPPlighing lesiralyta 11-§afh4cﬁmd 4-5
afifhoat the additibn bhtheadrgartic agidl i shi ng el ectro lyte 4-1

with the acetic acid m xed with a proper anount of
of. .t he el ec

o BiteF Boplse ti Bl RtdT e tetelof the S atrout e pled e with two
gidgitiwes(orgamalacit eng eisabeli azigitivepis dbtter thyn tat witl only adding organic
@c@cyh QBaitibs Hohthafthg e RhdrRatisr éfgcuénli@ GFeIed él@ctﬂﬁidﬂ?hiﬁg electro-
u
%ﬁgﬁ Fwﬂl% th%gaceﬂ%g ﬁ.g%d M?P? ﬁj cErPr g[@@bf g&% ?o‘?\% gﬁ.{é ﬁr to that of
oo ina ey it dhmn Hioass Hhas Ko nagbiora, and e
plamasizatioatdbiity efthée eleemﬁpfoliﬁhhblelbc&olytenﬂmw e lacetingeid is greater
eﬁﬁ?\%etcgﬁ fiRg 'ah %mcﬂgg&ghﬁg electroly-

tﬂ?‘; gpuﬁbect rgo&g?ggﬁ ? cs r te accor

5% wHB IR EPPIAPERISTBHDS Hdve PRAN S sk vE QRYWepRIaRsiization fcioncy
ovithgma ineawidth range betweiensipdrak 3&uracid is smaller than a
certain val ue (12000ppm, the polishi ng rate will

B8 £ 8RS e e OE Dt B BB Fi o e re
apeidnantiaaid V{hendhe eonaeatrptinisefiies prganisiagid is thaphasphoric acid is
shaerlthd®a ceHsih vakiet(M2000pbyEthe lp@nsrhatg ratelwifl (Heréa@ with the inc-
}%rﬂlgrg% thﬁ &ﬁeﬁg lablah'dbgrers%rgddﬁy @\/H@ﬂ%ﬁ Eaﬁmgﬁﬁaﬁofttngglcohol
eridtivefaBe Pesphoric eRE nsalaT dhark /400 RighaS 1R JBlYRSIICatio 1/500
and d/1006) tmopolishing hateds alhest thei semeadsutbat df 2100 Gqpmmiptrictritid 1/100.
FP6HEPRAERAL! et PRRBIULAE) H13Hé BRahRidRid iR tREPRddbhoric acid does not
reach to the limit value (12000ppm), the corresponding copper polishing rate is sensiti-
ve, while the polishing rate is insensitive when the volumetric ratio of the alcohol additi-
ve to phosphoric acid is below 1/100, and the polishing rate will not increase until the
volumetric ratio is increased up to 1/2000. According to the present invention, the ap-
plicable concentration of the alcohol additive is selected right in the insensitive range in
which the corresponding polishing rate is insensitive, as shown in FIG. 4.
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will not increase until the voLunmetric ratio is
i ncreased up to 1/2000. According to the present
i nvention, the ap plicable concentration of the

abigedtsl d%@ééde's\tl@e hnisel @o@mﬁi aﬁg@'@édeﬁHb'@S )'dﬂﬁa?@@dﬂek ¥@face in

corre
o A LS i et el e dae Sonipg anglo of
rthe Pl phesberia acmhgm he(cappert sUrace ) 856’n Thetadprgethe reason why the
sdi¢dhatadditivel d2@ imbeseq]ar@ightion\eicisiey Iof @R @estspolidhing electrolyte

WEFBQA@% gaﬁgo t%tem% t v\\/g?'{ h‘ﬂtytcjﬁethg %;Bﬁé?fsuﬁggé "?Ivl’@% \X/lﬁ %ccordmgly

‘Hiliear s DU o IS RAVEMNSI21e (. RBPCTadth 10V T KHG- 4, the glyce-
i rofhrasvtbe plosh powerdil ||mb1tefefabdlt)etmdye cbptdrelectropolishing. The three

Ilgbggr Qcmwe% fyr@ag%oﬁﬁw@bwas%hb& RIFH B aa@qare%%néda%poushmg
ol &@ i tneto s R pRGoRs onAIce geerol s
p;meatgmhag thaé thecel@ctb@b/ées contaiingiire mﬁthan@iand the Rthanol (the plana-
GHzu6eh ftieR@softthe nidrinoPie wRIsE W tHahbi thk lethe@oBbThée lankfzation
t Etﬁc ?(h%gzse{he%b?/ccgég gg ed%1 La %s%oc%?%é pv ftfy ﬂwaeiéo&?%k? angle of the added

gigobel @@U@r%ﬂPP@Pﬁ’%@U@‘P%t rolytes, and the
planarlzatlon efficiency of the electrolyte cont ai ni ng

¢ %CH 0 sél%n%t%%ﬁa‘i{laﬂwgﬁawﬁ H &geré @fltﬁ&E eiréfpfd?\%hlng electrolyte

cont

G0 e 'P@P%Wd@/"e&? M N o e
oh théeetal teyeo PP (refdiengihar@dGi Hataindie divided inkmbwo riegions; a bulk regi-

tonegedny £ Qiaside Fefort 5:4 bea@ssifeeied of thendlédirdpdRsHi)élagtolyte is

%{%ftﬁ‘é% ’HJ%“%'?H ?fg @Jﬂg ge%gérpa@ g’hdé gl'ber sg%c seEg)v\%:ﬁ%?‘Pst %8oncentrat|on

@redientiin heghifiysian repivetSdaiys!tp &1 elgcteansishing taastion on the surface of
alee Mieth! Ryet mt Imeothéragsras, whenehé elebtrogslisiihg wrodess fsl garformed

%Blngé% Qécﬁ ‘tl‘n E%i%bg%flce&&uﬁ gb lé[]& a h5 r@ﬁ(}i{fgé {%\%rl\ f¥Shospho-
rES @nH‘e %C ‘6% E%Fﬂf“é? %ﬁ' §‘4 b?feﬁ%’&ia&?“?s@ﬂtraﬁon
[Geartiers pimxte.tkloobelvmmlh@c@nvep@lzlasu|tmgcmoeve Rédlopttlee capper metal
‘?éy%? ) @Hﬁr@éjth'érléléc@rroﬁbb‘shir@ ﬁr&%s@ Ul tH@éﬂr@Bn@&non\m ‘tﬂeeorbﬁrﬁc acid

h\?s%jp%evs?% @gnﬁflﬁ | Qn Cg t inth

P ﬁs’@l?aﬁ B &l Ilshlng

reactlon on the surface of the netal layer 20. In
Sintelthaesstentrafiaofithe aRbies bEaRe 66 Bhd thePsrg8816 ScidB2 presents a

BI04 BRA14LBb0S) 30, SELESLHRE RO BB, STBON P48 foentre

ol "ad ic’acl
fin obihesm afditiesi i corves @24 hisharcthan i‘fbcoé@?\ﬁe &4 (fithe additive
difiesedint@theanaente 3t is dhre gicetdil edditive 60, ithdécdppen matd! \wenin the

CBScave USRI Blé Rfeagrlogrggggy BicREd.01 tﬁé“&dd?t%ﬂ@ EhleW?rbé#: acid 62,
L Skcoaliitg B s GoRF ggéoelf%e R S9S oah £50  hconvor
22 sincaltheeamourof theaergamic abid 62dmthexcapzaves2hisesmaller than that in the
eOMERIDR! a1hle esQJnt trh@ntﬂincéifdl@'a RAGInt dri6urk Of aleehdl BEditive and the
?%ﬁ%’ aC| ]hB @%? % 28 &@S/gﬁe& pewgfr%r ' bé‘lt tgop{oﬁihmg pro-
E95%c &ﬂnsgquently the concave 24 of the copper metal layer 20 is removed at a slo-
wer rate than the convex 22, which can accordingly improve planarization efficiency of
the electropolishing electrolyte.
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metal layer in the concave 24 will be prevented from
being etched. If the additive i's the organic acid 62,
t Sevashlateatropolishiiy prgcessee araparfesmed 0o aapR4r surfdce wdthout patterns
NGy aiﬁa,]{éneélebmmets lR8htairih d]@er_@@tﬂétﬁé’uh i &f éﬂgaﬁi%zécr&a_ nd alcohol addi-
mu | ong.ay.e i S
S8 s Renlenp s FRN RV Hotisla) od BR+FERIENEg fle il mcrease as
i headditign ohtherreanie peidiifithe Aensentratfonaf esgriic aeiditgiivehosphoric
aasid tshemaliegthianc @etiath Valio(120e0ppn0)s iherdisct@pblishing rate of an e-
%%ﬁ@!s;%ul;%{h% VB 58 oMo griB 80 8 B BpofiPacd below
25108 Sughas diponians U0t almasiahe Rame eRAnatsh paqtngpsléctrolyte con-
viainiry themicaboloaddiitivg|6p withpa eelemplriamatid ¥/400.0m ethéi words,coppper
oy PR R foRE ) Seh NG ALEie SOl SHEToRManio acld 62 n the
SRIFERR RGBT a e PiGe R PBFERHOISN R rF8IY hensiive
cwhernihaivalymatiq @tie of algaiael eddigye 60 tutheehasphprigagid is under 1/100,
aariothe keleztldpolishing ra®swvilltitdags édhé Yollmetrizraw®is increased up to
dﬁﬁ@?]d ption, the electropolishing rate will increase
as e addition of the organic acid if the

concentration of organic acid 62 in phosphoric acid is
sheririgehe eleatropolisbing pirocess| the ofgbPRGEFPAY incieases the electropolishing

ShRCATORE lal RN iR E BRI SL&pbMINHEratd 6fthé convex 22 and the

| unet atio of alcohol addit 0.to.th .
ReEPR1 © dieyEsish o HogtTeqiy -2 Db ientdepreagipo the o
i lectedpetighing iate)d the alsohdhadditife Ghibithe corMex@2ris bimast thersame as
ttRatTh B ddieadd 20NThe Befdiniciackl 6iis\Wehdltive t6athel BBhddnEration, i.e., the
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Aicipoteirald Ty i Ein R 2% ERFBRGe Bicht i §RBKLAEtraton of
dbe gragpiciacid 6 apHda AlSEirerdlighiag e i %Stcon@%/@r%s islower since
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el ectropolishing rate will increase if the volunetric
rashat,itke presertaiecrolbes canlingeosk thexaleatrgpolishing rate difference of a

eJopsér el l'bgéfl'i wal i 8 subfBie, @he iﬂﬁé élegt?c'tbﬂ)liﬁlﬂnfg raﬁe Iin the convex
3G et r [ [ al coho ,
25 FRDE et T BRI b 2h6nd e 26 48 iefaRe the planari
Zatioresifidienahef the sorren elpglopalishing @racessi radditipnethesyettability of
srhérylwemla? gsdaer thavhinalt bi otﬁerafyﬁmyl-ddﬂxrmmiﬁg@'rqmid awitive, a certain
| . . .
SR koS DAL g Ry o
SRR i eleefiaPisgiadispesies & teo cpncaye kéianptheronkex 22, and
@enerate & highenplanarization bificieh@cthaithe lothen ihpdroxgteontanitderganic
GeRYieX 22 is faster since there is a higher
concentration of the organic acid 62, and the
el ectropolishing rate in the concave 24 is sl ower
Si@ceshaver wevieral glectoric seamianmeges ohtrefches witbmgdthiot 1, 5 and
309 Hefore G LREPEIAAAHALIYN ushg Hewdlech@Bblidhity d18gtreitaul BrThe
s0 é&e’ 3f'ﬂ¥eetr8r§éh“a1%s Be%n%%%o&%‘&‘(ﬁfﬁ azgop%%?’la%P G&Rf t%g' planarization
process, as shown in FIGs. 6 (a), 6(d) and 6(g). The planarization process is perfor-
med for 180 seconds under a voltage of 1.75 (Volt) using the electropolishing electroly-
te 4-1. The energy dispersive spectrometer (EDS) is used to perform an element ana-
lysis inside and outside of the trench, the element inside the trench is primarily copper,
while elements outside the trench are primarily tantalum (Ta) consisting of the diffusion



In short, the present electrolytes can increase the
el ectropolishing rate difference of a copper netal
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that in the concave 24 on the Eopper | ayer 20 to
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s isfogoppesriers (Guft)sivdee erpliadreiese dyringihe ﬁtﬁctrppohshmg process,
t1attAb ubphef fon §>@$t§irﬁﬂwb%o@’bp@ll&ﬁmdIdémlywindyMS of copper oxide

mﬁigr Stg‘kf |c¥1ylgte£x€deo{gﬁg eéiﬁ e t%pé?édh%hé&ﬁtnﬁ:l &b pRInd (B reduce

i rRactaRts End repAGRPPer g}qge pgﬁhﬁ,@pp@g&, c§ ?gqra‘ba flgar surface, ad-
tdisgnthle aldehel additbiedstotthe eleoinapmli3hing elebtivigiei cap intikit the formation of
Ctﬂ@B[%EkE t§r ssﬂb’mﬁﬁn‘#iéf?(tﬁnt line wdths are

conpletely anarl zed after an el ectropolishing

process usi ng the el ectrol ¥te 4-1 , as shown in FIG 6

(e, atpyedeasribed(@nhodirnents 6f thepreseneinvenipneya jntepded to be illustra-
't%% Ertdneéroa@ albdrasiveCeriddiri&nts thafy 'HeCks/ised Byrtosskilled in the
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does not achi eve the highest aIthough there is a
certain inprovenent, and the planarization efficiency
is different fromthat of the electrolyte containing
both the organic acid and the al cohol additive. FIG
7(a) and FIG 7(b) are atom c force m croscope (AFM

i mages after polishing on copper surface, wherein the
el ectropolishing electrolyte used in FIG 7(a) does
not inc lude al cohol additive, while the

el ectropolishing electrolyte used in FiG 7(b) has the
al cohol additive. During the el ectropolishing process,
wat er nol ecules in the electropolishing electrolyte
wi |l be deconposed to produce Oxygen, which will form
many pits on the copper surface, i.e. black spots as
shown in FIG 7 (a). Copper (Cu) will be oxid



zed into copper ion (Cu2+) by the applied voltage
during the el ectropolishing process, and the copper
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forms of copper oxide (CuO or _cupric hydroxide

(Cu(OH)2). Since the al cohol additive conpound can

r &HAEIS GbAIMED £S and renove copper oxide on the copper
surface to forma clear surface, ad ding the al cohol
additive into the el ectrqpolishjng electro]yte can .
i bib Sasopaiine RC o st The0 sokos gidpn ajconol addr
FI G vy ngvjngr a?eleam M@M greup,em&beih rteecontatt arkgle of the alcohol
pr eseadditivevea intilalasgeriuntienagstrdpelidting Is! shsdifeRtanahe contact angle

only. ' | ternative enbodi mrents may be devi sed
by th%@gggéllg%%lé@c’ﬁn the art without departing fromthe

scope of the following clainms. WHAT IS CLAIMED IS 1. An
eiz.lectleeleictrh;bdﬂ'ghiabe@écrt:dlysté &f Claimpt | w_h@girﬁthelaalbdhol additive is se-
sol ut ; a one
SR R i S U L LD

al cohol additive on a netal |ayer under

eB.ect Tlopeleckopatighing edaairolyta oft Glaim 2h whewain #Hvt acid glokitioh comprises
the asiddpr&icddi@n. 2. The el ectropolishing electrolyte

of aim1l, wherein the alcohol additive is se |lected
fromthe group consisting of nethanol, ethanol and

oty cefhs elegtropgijghiag @&@r@g«tﬂ pisGliaing 3e Wbetain e olamettcdatie of glyc-
2, whabebmphblshaiciatidsie between 1c80mmid £280.phosphori ¢

acid. 4. The el ectropolishing electrolyte of Caim 3,

el Chis Hacuonalicng Glacate oigaing 3 Hherein e Talometa rafio of glyc-
el ecteroldolphe$phugicelcilds ndi0Pt e of Claim 3, wherein the
volunetric ratio of glyc erol to phosphoric acid is

. 10 6., The el ectropaol ishin l.ectrolyte of Clagim3, .
Sher ol EleEPGResRb ROFTR. O CHIBL Rastibraln “brokBefl ratio of
aci d methaeel ik ehosphedoagid ds hetwsen 1100 Ene 1:150.
el ectropolishing electrolyte of Caim3, wherein the

lu rd e I - DRho ' i d .
it werts et ROl i EupARG or Lk 3 ARG B 3o ratio of ethanal
el ect!? Bh9sRboHE agidds hetweendl08iandiTht50aci d sol uti on
further comprises an organic acid. 9. The

&, eCtaRAAtRBb MG &6&&%\%? Le C%ﬁrn q @hBieth th%@éé]uﬁdﬁefyrther com-

organic acid is.selecte romthe group consisting o
acet iPCSEEAYCHICAYY i ¢ acid. 10. The el ectropol i shing
el ectrolyte of Caim9, wherein the concentration of

the Jue diedtropslighing eleetrapevf BIIR0s, atbrdidGRE dPiRic acid is selected

from the group consisting of acetic acid and citric acid.

10. The electropolishing electrolyte of Claim 9, wherein the concentration of the ace-
tic acid is between 10000 and 12000 ppm.

11. The electropolishing electrolyte of Claim 9, wherein the concentration of the citric
acid is between 500 and 1000 ppm.

12. A method for planarizing a metal layer, the metal layer having at least one con-
cave and one convex, characterized in using an alcohol additive to form an inhibi-
tion layer on the metal layer to reduce the polishing rate on the surface of the
metal layer and using an acid solution to polish the metal layer, wherein the acid
solution forms a concentration gradient between the concave and the convex so

6 Seiten Fig.



11. The el ectropolishing electrolyte of Caim9,
wherein the concentration of the citric acid is

wheirses1s85600 and 1000 ppm 12. A nethod for plECEEP20FHEL0628
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a nmetal layer, the netal |ayer having at |east one con

cave and one convex, characterized in using an al cohol

addi t thaetheqdisiing aate iis fashertonahe lcayesx than tHeepdstBhiab rate on the con-
| ayer 4 reduce the polishing rate on the surface of

t he netaf | ayer and using an acid solution to polish

the netal layer, wherein the acid solution forns a

cbhcehhe aethmd fgr atiinerizing et metahlayércofc@aicm 2, wherefrhthe alcohol addi-
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faster on the convex an the polishing rate on

con cave. 13. The nmethod for planarizing a netal Iayer
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f r om ¢dmepries ppospdast atidng of met hanol , et hanol and

o] ycerol 14. The method for planarizing a netal |ayer
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net al oflmerol &f piCisphanidagid ishmtwéen :hBandl1tBOSt ric ratio
of glycerol to phosphoric acid is between 1:50 and

0 T t hod. f or er of . .
d&i nneretphd e Fientnangd mRis Bl & ciote 1 iy B Vo et rato
phosmféwc@rc&tﬂ rhasghariciagd is1%7100rhe et hod f or
planarizing a netal |layer of Caim 14, wherein the

ki Hggtfggtfdrg) dﬁ{fn%@g @qﬁg{al %ﬁerﬁn ‘b‘iﬁ&% il theSvolumetric ratio

b
pfg\rngem*ﬂ@" ohtqRiosPhengRGid [sbetwegn,d:100 a%ér &Pn the

volunetric ratio of ethanol to phosphoric acid is

by, werie rheth8d fc#'iﬂan]an%’lﬁg a rhétal 1% C?é‘r Jrelidlech 4, Yherein {he volumetric ratio

Do & sPiEPPL AFebock 651 PreseR el 58 . 20,

The nethod for planarizing a netal |ayer of Caiml1l9,
Wer eiha hbRo8 Feeplhsaritiga infetgahRe tot Cldiro1a, t\meramhs acid solution
Cons'f@ﬁl#é?%oﬁ{pn@é‘seéﬁ Srﬁgﬁfc%cﬁ.fd citric acid. 21. The

or g a e

nmet ho anari zI | ayer of Claim 20,
wherein the concentration of the acetic acid is
(26 weitie ri€tBod farpthnbABiAg sppetal Rer offGainet9)achdrein the organic acid is

Pl anagjetedGrdin fﬁ%tgf}hué BYRistiRG o%gét. E: aﬁemrne idt he

concentration of e cltric-acl et ween “and
1000 ppm
21. The method for planarizing a metal layer of Claim 20, wherein the concentration

of the acetic acid is between 10000 and 12000 ppm.

22. The method for planarizing a metal layer of Claim 20, wherein the concentration
of the citric acid is between 500 and 1000 ppm.



