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chem cal - nechgpi.cal polishing technology will confront with nore

chal | enges. 2 ynpared to the cheni cal - mechani cal polishing technol ogy, the
el ectropolishing tech- nol ogy has becone an alternative solution of the
chemi cal - mechii dRescpptiangiiithregReleted-Arhol ogy because of several advant ages
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Chf o o b S B AL AR E3k8 0RO A EHAS AL i Al SRl
fabrication, difiRrerdeds neeassani ity BlgiolithogipiyPaIgess iRaveid §PPHIen a
copper conducdcatteringl sayasrto rédiize ther pretisecpatiepyteansiezo ntintegrated tieopits. Ghdnhicghr oduce
ot e " AR SRS ety 58 o) e hgddSaln o
el ect 1 opol | ST AUNENEUCE Bl eTacpssr, BNt IV G BN BT ¢ ne
present . i #verltg Eshnaogydagesosankeimpertantdiacriepiviactiel applisatians: Bich@s PRiter ¢l udi ng
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40 ing after polishing. In addition, to meet the low stress requirement for 127 wafer and

low dielectric constant materials, the chemical-mechanical polishing technology will

confront with more challenges.
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Compared to the chemical-mechanical polishing technelogy, the electropolishing tech-

nology has become an alternative solution of the chemical-mechanical polishing tech-

nology because of several advantages such as reducing scratching, reducing particles

absorption and reducing discard solution, high polishing rate and no pressure applying

30 onthe wafer. Inthe copper conductor process at the back end of the semiconductor

fabrication, the electroplating technology is generally used to form a copper conductive

layer. However, the copper conductive layer will produce a step height due to frenches

on the surface of the wafer, which will further influence the planarization efficiency of a

subsequent electropolishing process.

35
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.
40

in order to achieve the above-mentioned objective and avoid the problems of the prior
art, the present invention provides an electropolishing electrolyte inciuding an alcohot
additive and method for planarizing a metal iayer using the same. The present electro-



In order to achi eve the above-nenti oned objective and avoid the probl ens of
the prior art, the present invention provides an el ectropolishing

el ectrolyte including an al cohol additive and nethod for planarizing a
met al | ayer Wigs10ngj03X758d sane. The present el ectro WO 2006/ B8YE8205/010628
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di agram showi ng t he neasurenent of the pla- narization efficiency (PE) for
an el ectropol ishi ng el ect rolyyte' FIG. 3 shows the planarization efficiency
of the el ect rgﬁlﬁﬁ ﬁﬁﬁ&l%‘f’@ Q‘Fgﬁ?tWW’rNQﬁfferent line width according to

the prese@d inven- 30 tion; FIG 4 shows the polishing rate of the
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2 schemati c ol gt RN Ag gbLepRBEL AR rrchltchE 8L od i Brbhs n

electrolyte a q

which:

25 FiG. 1 is a cross-sectional view of a wafer;
FIG. 2 is a schematic diagram showing the measursment of the pla-
narization efficiency (PE) for an electropolishing electrolyte;
FIG. 3 shows the planarization efficiency of the electropolishing elec-
trolyte for different line width according to the present inven-
30 tion;
FIG. 4 shows the polishing rate of the eleciropolishing electrolyte
according to the present invention,;
FIG. 5 is a schematic diagram showing the operation of the electro-
polishing electrolyte according to the present invention;
35 FIG. 6 shows several slectronic scanning images of trenches with

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

40 DETAILED DESCRIPTION OF THE INVENTION

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



35 FIG 6 shows several electronic scanning i nmages of trenches with wdth
of 1, 5 and 50pm and FIG 7(a) and FIG 7(b) are atom c force m croscope
(AFM I nmages after polishing on copper surface. 40 DETAI LED DESCRI PTI ON OF
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(PE) for an electropolishing electrolyte. The planarization efficiency Is calculated ac-
25 cording to the following formula:

= [1 - (AD/AU)|x 100%

Where AD is the difference of the step height of a concave 24 on the surface of the

30 metal layer 20 before and after the electropolishing process, and AU s the difference
of the step height of the convex 22 on the surface of the metal layer 20 before and after
electropolishing process.

FIG. 3 shows the pianarization efficiency of the slectropolishing electrolyte for different
35 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-
lyte recipes, and phosphoric acid, gltycerol and methanol are expressed by volumetric
ratio, as shown in the table below,
40



FIG 3 shows the planarization efficiency of the el ectropolishing
electrolyte for different 35 line width according to the present invention,
wherein the applied voltage in the electropolishing process is 1.75 (Volt),
and the el estompebirsdai ng tine is 180 seconds. The | at er aCTaR20S5/d10428 4- 2,
4-3, 4-4 and 4-5 represent 5 different elegtropolishing el ectro- lyte

reci pes, and WWWW
volumetric rpatio, as,shown inlthe RhaspheriperidvSlyagroMo 20063037
PCT/ EP2005/ 01p628 4 F11 Phosphori ¢ aci d: 1d8:ycer ol Acetp’gc)"%ég?éé%%@@pﬂ‘pm

100: 1 4-2 Phogphoric acidr G y¢erol 1 ppm I00T T 4-3
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4 4 No organi acicL 100:1 _4-5% Pur&ohn%?ﬁ% ic acid No organic acid. A
shown In FIG| 3, the ‘gbanari zafi onPbdia‘phommu@ mgthariob el ject ogol i shi ng
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wor st. Conpar fFng—the—ptranartza; tre—at-cotot—addrtTve—on] v,
the planari zation eff4-.gi ency of thﬁg?@w?%& glgcego hi ng el K6 bfgahitaRidd- 4
using the glycerol as the al cohol additi vi®0i$ superior fto that of the

el ectropol i shj ng el ec4-50I yte 443 usmgebh@gpmﬁ&mI as it heNabgphilacaddiiti ve.
In addi tion, —ttre ptamarization effitciency of The el ectropol Tshmg
electrolyte41and42us phosphoric acid is superjor to that of the

el ect ropol i shASEheva# FIG vt @g‘plaganz@tlgn giiglencyot th elpeitpPolgingRIeRtoNtaf-8f t he
organi ¢ aci d. witoutranciduhol ausitive ant lae ofgaaitacidiathieovorst {Gopipaning thefplaragza-

gggﬁ [32;‘)' ' Sh'tlgr??ﬁhl?“o?fr@a\fé&noy\éddhwé‘&ﬁl ﬁ@‘élahbﬁz%‘ﬁonﬁ effisidRtyCofdsd Sleditp wle;:?gﬁl
Comar ecnobals 4 i3haihe @%9?5@)%83*’%%Q&gfé&ﬁwséo?@%hgf 1 *@ﬁteﬁﬁso- e
4-1 with the a troroligiiing elerlkete i3 wsing the sppthanshasihe alshejiagdibye| InjagdiSemer i or
to that of 15tWanﬁreaﬂ&MMnem:@oﬂ@xe&ﬂ@bpﬂblyﬁhgeléet?olyﬁemm aftb4-2iukingc aci d

m xed with t hﬁ p‘ﬁSﬁé Qtl:ld 1 eﬁrﬁ‘r% tHé't ﬁé leléé‘tfrépf&ﬁsl"ﬁ\'gj lbdonRd 413084 and 4-5

el ectropolish usi n acet | IS greater than that
using the cit (t,h%l Hl?ecﬁg %ﬁe can find an el ectropolishing

el ectrol y40te vm th an appropriate reC| pe of dual additives and have opti nal
pl anari zat i ontredthérov®8s,\the planarization efficiency of the electropolishing electrolyte with two

additives (organic acid and alcohol additive) is better than that with only adding organic
acid. In addltion, comparing the planarization efficiency of the electropolishing electro-
lyte 4-1 with the acetic acid mixed with a proper amount of glycerol is superior to that of

15 the electropolishing electrolyte 4-2 with the citric acid mixed with the glycerol, and the
planarization ability of the electropolishing electrolyte using the acetic acid is greater
than that using the citric acid. Consequently, one can find an electropolishing electroly-
te with an appropriate recipe of dual additives and have optimal pianarization efficiency
within a line width range between 1 and 50 pm.

20
FIG. 4 shows the polishing rate of the electropolishing electrolyte according to the pre-
sent invention. When the concentration of the organic acid in the phosphoric acid is
smaller than a certain value (12000ppm), the polishing rate will increase with the inc-
rement of the organic acid. Correspondingly, when the volumetric ratio of the alcohol

25 additive to the phosphortic acid is smaller than 1/100 such as the volumetric ratio 1/500
and 1/1000), the polishing rate is almost the same as that of the volumetric ratio 1/100.
In other words, when the solubility of the organic acid in the phosphoric 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 aicoho! additi-

30 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,



within a line wwdth range between | and 50 pm 20 FIG 4 shows the polishing
rate of the electropolishing electrolyte according to the pre- sent

i nvention. Wen the concentration of the organic acid in the phosphoric acid
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52, wh
ayer 20 durlng the electropolishing process, i.e. the concentration of the organic acid
62 In the concave 24 is smaller than that in the convex 22.

Since the concentration of the alcohol additive 60 and the organic acid 62 presents a
30 gradient distribution on rough surface of the copper metal layer 20, and the concentra-
tion of these additives in convex 22 is higher than that in concave 24. If the additive
diffused into the concave 24 is the alcohol additive 60, the copper metal layer in the
concave 24 will be prevented from being etched. If the additive is the organic acid 62,
the electropolishing rate in the concave 24 will be much smaller than that in the convex
35 22 since the amount of the organic acid 62 in the concave 24 is smaller than that in the
convex 22, The present invention adds a certain amount of aicoho! additive and the
organic acid into the phosphoric acid electrolyte to perform the electropolishing pro-
cess. Consequently, 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
40 the electropolishing electrolyte.



gradient in the diffusion region 54 due to the electropolishing reaction on
the surface of the netal |ayer 20, In other words, when the

el ectropolishing process is perforned using an electrolytes with both
organi ¢ aci wotidoemdssal cohol additive 60 in the phospho- PCUERSNG(1062Re

al cohol additive 60 and the organic acid 62 will present a concentration 25
gradi ent distribution between the convex 22 and the concave 24 on the copper
metal |ayer ZHevewd tlagirapeishingproeenses arsthegrmrdoues sopper surfaceavitbewtoelernat i on
of the organi aspgiditferéit eledtrbiftes on@aming ditbrérd amdahi & forddhadidaid alcbhbheidEonvex

22. Since 't he (NAE MRl o e BbEnBAln, B BRNrg Nl iFnigaNE oci d

62 presents a net al

fron e C
| ayer 20, and thad C@M#ﬂ%%{gaw 8f thh?%‘g%n %‘Bﬁgpf Ygenip ﬁc'écﬁg\)'éRh%Qﬁ‘? hi gher
t han that i5n coiddssmalist tharfa cértairavklig 012@00pdmbf'djb@dlecm;mh$mm rtedane-24 i s

|to pgvgln ngOL r gQ'éHtrTol @?% vbllMeG RIS of BRI 2daires 60 fbethb PhoSPBRGHEd Bdow | It hge

el ectropol i shlmﬁg)%rg& g ﬁfﬂ}earlc%rﬁ@e% %néﬁtﬁ% %@é&tﬁ%&aﬂ% eﬁgh %Z% i

the convex 35 taiping Fh?c%!cqf'l%a‘&f%rﬁo with g ypluregtdaatie 14004 Isotherwede ©BPREave 24
is smaller thafectrbpdlishing rdte is semsitiexwiéh thé selubility oétite argardnaciof2 actls a certain
ngg?? oloilt g' f Qéé rrﬁg&'bélh\dﬁeﬁﬁg Créé‘téh aolli?ﬁlmec t@%l&tﬂoﬂél%hlné@a%hé’@ﬁ%ﬁtk& ?ﬁled
concave 24 of “fr%B ﬂ?:eo‘f?g]"@? kh?’fé{'a'c'a{'l"" 94 g‘?"‘ ?gd'{w?garootﬂ&\ﬁe@"oﬁ) h%(rcq ae'g\HB?er 1!1@8 t han

t he convex 22 andihecsledmpolshingrratenyll incieape bihe yolumalrc Bl isoncrergeddipdaicy of 40
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22 is higher than that in the concave 24 on the copper layer 20 to increase the planari-
zation efficiency of the copper electropolishing process. In addition, the wettability of
the glycerol is greater than that of other hydroxyl-containing organic additive, a certain

30 amount of glycerol can be added into the phosphoric acid will result in a different diffu-
sion ability for electropolishing species in the concave 24 and in the convex 22, and
generate a higher planarization efficiency that the other hydroxyl-containing organic
additive.

35 FIG. 6 shows several electronic scanning images of trenches with width of 1, 5 and
50um before and after planarization using the electropolishing electrolyte 4-1. The
surface of the trench has been deposited with a copper layer before the 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-

40 ie 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 slements outside the trench are primarily tantalum (Ta) consisting of the diffusion
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FIG 7(a) and FIG 7(b) are atom c force mcroscope (AFM inmages after
polishing on copper surface, wherein the el ectropolishing electrolyte used
in FIG 7(a) does not inc- lude al cohol &dditive, while the el ectropolishing
el ectrolyte used in FIG 7(b) has the alcohol additive. During the

el ect r opol |a®| r_1|gI pr oces wat er nmol ecules in the electropo 15 fishing

el ectrol yte Al sed to produce Oxygen, which will formmany pits
on the copper surface i.e. black spots as shown in FIG 7 (a). Copper (Cu)
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Si nce t He al coherbl tagtipsphotic @oidis beveenr :50eahdce 220. react ants and renove
copper oxide on the copper surface to forma clear surface, ad- ding the

al cohol additive Into the electropolishing electrolyte can inhibit the
formation of the black spots, as showmn in FIG 7 (b). The above-descri bed
enbodi nent s2.of Theeelpctespetishing eteatrolpte efr@aimt ewtengint thebwlurhétus ratin-of 2fyai ve
only. Numerous ghfgiRdépheRic@aasdheots may be devised by those skilled in
the arf wthout departing fromthe scope of the following claims. 8 WHAT
IS CLAIMED IS 1. An el ectropolishing electrolyte for use in sem conductor
fabrication, conprising phosphoric acid, acetic acid, and glycerol, wherein

the volunetgic T bigctR o%ﬁ(ﬁg eféc@élﬁb df @Iﬂﬁ%@h?%ﬁer@ﬁ' the 'c§né§hir‘éﬁ’cﬁﬂof]th§0 and
1: 200. 2. The el ﬁctra b |nq @ ﬂg@%be Claim1, wherein the

vol unetric ratiTYF 2GPyR" et@’FS'I" peog; PPMhcid is 1:100. 10 3 The

el ectropolishing electrolyte of Claiml1l or 2, wherein the concentration of

the acgfic acid is between 10000 and 12000 ppm 15 4. A method for

pl anari zi ng al t he neta east con-_ cave and
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5.  The method for planarizing a metal layer according to claim 4, wherein the metal

layer comprises copper.
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