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Compared to the chemical-mechanical polishing fechnology, 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 onthewafer. 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 trenches
on the surface of the wafer, which will further influence the planarization efficiency of a
subsequent electropolishing process,

Produce
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SUMMARY OF THE INVENTION
The objective of the present invention is o provide an electropolishing electrolyte in-
cluding an.alecho! additive and method for planarizing a metal layer using the same.
40

In order to achieve the above-mentioned objective and avold the problems of the prior
art, the present invention provides an electropolishing electrolyte including an alcohol
additive and method for planarizing a metal layer using the same. The present electro-



In order to achi eve the above-nenti oned objective and avoid the probl ens of
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an electropolishing electrolyte; FIG 3 shows the planarization efficiency
of the el ect gk DESCRIPEONCOE TPIEYDRAWINGSi fferent |ine width according to
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25 FiG. 1 is a cross-sectional view of a wafer,
FIG. 2 is a schematic diagram showing the measurement of the pla-
narization efficiency (PE) fot 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 poiishing rate of the electropolishing 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 electronic 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. 1is 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 inmages after polishing on copper surface. 40 DETAI LED DESCRI PTI ON OF
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AU is the d p height of the convex 22 on the surface of
the netal |ayer 20 before and after el ectropolishing process.
FIG. 2 is a schematic diagram showing the measurement of the planarization efficiency

(PE) for an electropolishing electrolyte. The planarization efficiency is calculated ac-
25 cording to the following formula;

PE = [1 ~ (AD/AU)]x100%

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 is the difference
of the step height of the convex 22 an the surface of the metal layer 20 before and after
electropolishing process.

FIG. 3 shows the planarization efficiency of the electropelishing 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 § different electropolishing electro-
lyte recipes, and phosphoric acid, glycerol and methanol are expressad 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,
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electrolyg te with an appropriate reci pe of dual additives and have opti nal

planarizati Ol StMaﬂ \E(Brﬁg',ctﬁe planarization efficiency of the electropolishing electrolyte with two
additives (organic acid and alcohoi additive) is better than that with only adding organic
acid. In addition, comparing the planarization efficiency of the electropolishing slectro-
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 planarization efficiency
within a line width range between 1 and 50 um.
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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 alcchol

25 additive to the phosphoric 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 alcohol 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. Accdrding 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 s insensitive, as shown in FiG. 4.
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layer 20 during 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 alcchol 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 alcohol 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.
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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 arid 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 (Volf) using the electropolishing electroly-

40 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
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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 gdditive, while the el ectropolishing
el ectrolyte used in FIG 7(b) has the alcohol additive. During the

el ectropolishing process, water nolecules In the electropo 15 dishing

el ect r ol yt eWHAT ISHelAIBERMSosed t o produce Oxygen, which will formmany pits
on the copper surface, i.e. black spots as shown in FIG 7 (a). Copper (Cu)

will be oxidi- ged, into c er,_i,on (Cuz+).by the | i .vol tage during the
el ectropol i g‘hi ré” 514 @8@%",3 %ﬁnﬂe?t??éyt%f% g ! %W@QF@FCEOW fﬁg?%@o& %HTPD(S'B'GPi shi ng
el ectrol yt e i n phospRorist agidp geetioasideand gy@yolowhergyy the ¥oumelxic detio duglaH) 2) .
Since the al coharbl ta@hobpritRicHRINS BBENe@AN BPsHiCe 280. 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 s of theeRtRSRINEhinG CREtrbRE 6F Clainht CRHERit heb@lkrhbtis tratty pfzgycf—i ve
only. Nunerous %Of gr ﬁ?%l!’ﬁlo ic%r&%qglﬂgats may be devised by those skilled in
the art wthou d‘;? |n§ romthe scope of the followng clains. 8 WHAT
IS CLAAMED IS 1. An el ectropolishing electrolytefor use in seniconductor
fabrication, conprising phosphoric acid, acetic acid, and glycerol, wherein
t he vol unetgic ' - 0 ri i .50 and
1: 200. 2. ‘the t'?ée%'??tg%’&ﬂ%"ﬁﬁ? sicfibile & TIBNOPBY deﬁ?%&ltﬂe\ﬁﬁgg%ﬁpr%ﬁﬁh@hg

vol umet ri ¢ r at i @F<¢ agidyg betwiegn 10800 AR iRPMacid is 1:100. 10 3. The

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

t he ac%i c acid is between 10000 and 12000 ppm 15 4. A nethod for

pl anarizing a netal |ayer, the netal |ayer havi ngf at | east one con- cave and
one convex, 4chaf&eeteed gwlan@ﬂa@g dgmaiql et the pstal iaven Haung @t jesst pre gan-
clainmed in any cave arfd bie comexedhargetelizad i, ushiee beigiediiopolshingt slegtadiyts Risng

| ectro- |lyte fQr; t j ad] h
convex so ¢ hat %‘”Fﬁ@”%@P?@Ei"ﬁg{%@@8%‘@?‘5@?%%%‘?&‘5 ASofofichify BRpi"e
pol i shing rate % feras asrpegniration gragicnt hatwesy the eonnayg apd 2he gonvexspdhal) ayer

accordi 2y to clthempolishivhteisfastarcombbabnvexaiian thequlishisg sate op ey corzbve.

5. The method for planarizing a metal layer according to claim 4, wherein the metal

layer comprises copper.
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