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Abstract — In this study, semi-aqueous solutions containing carboxylic acids such as oxalic acid (OA), lactic acid (LA)
and citric acid (CA) were formulated for the removal of copper etching residues produced at the interconnection process,
and their characteristics were analyzed. Carboxylic acids in the solutions were apt to form various copper complexes
according to the value of pH. Semi-aqueous solution containing 10 wt% CA showed the lowest etching rate of copper in
the range from pH2 to pH7 and the highest selectivity in the range of pH 2 to pH 4. However, the cleaning solution con-
taining 10 wt% LA revealed the superior selectivity at the range from pH 5 to pH 7. Appropriate selection of carboxylic
acid should be required to improve the performance of cleaning solution. In the case of CA, the etching selectivity of
copper oxide complex to copper was increased with the concentration of CA in the solution, when the solutions contain
over 5 wt% CA, the copper interconnection layer has a metallic copper surface more than 88% in the area. The result
shows that CA contained semi-aqueous solution has a relatively good cleaning ability.
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Table 1. Formulations of semi-aqueous cleaning solutions

Component

Sample CA (Wt%) MEA (Wt%) Other (Wt%)
Solution 1 0 10
Solution 2 1.25 8.75
Solution 3 2.5 7.5 EG: 10
Solution 4 3.75 6.25 glycine : 1
Solution 5 5 5 NH,HF, : 0.01
Solution 6 6.25 3.75 BTA : 0.01
Solution 7 7.5 2.5 water : 78.98
Solution 8 8.75 1.25
Solution 9 10 0
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Fig. 1. Etch rate of copper oxides and copper, selectivity as a func-
tion of pH in 10 wt% carboxylic acid solutions.
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Fig. 2. UV/Vis spectra of copper oxides dissolved in 10 wt% (a) oxalic
acid, (b) lactic acid and (c) citric acid at pH 2, 5, 7 and 10.
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Fig. 3. Surface roughness of copper treated with carboxylic acid
solutions at pH 2, 4 and 6.
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Fig. 4. XPS Cu 2p spectra of oxidized copper and followed by treating
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Table 2. Surface composition of copper layer treated with various carboxylic
acid solutions

Component ratio Cu/Cu,0 (%) CuO (%) Cu(OH), (%)

Sample
Oxidized copper 1.9 51.7 46.4
10 wt% oxalic acid 85.1 6.7 8.2
10 wt% lactic acid 86.3 49 8.8
10 wt% citric acid 89.3 4.8 59
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Fig. 7. Results of PER removal after various cleaning (a) untreated
(b) solution 1, (c) solution 3, (d) solution 5, (e) solution 7 and
(f) solution 9.

Z¥Zro] A7d N-g 0]83F0] damascene 7322 o] E o] g-5}o]
A57E AA 542 FESEME 53l 43 A3}= Fig. 70l W+
ERISITE CA 55 Wste) whE AZR-E2) A= 25 °C°ﬂ*1 1
21 TSIt CA 55 R8T} 2.5 wiveo|stell A& A=

o] AAEA] AUTE. CA EE7F 5 wi%eell X A7 T=22] A A7
Al&skd o, FejatkalE- ] A7t T 65 A/mins UERISITE.
T3 oll4] damascene -3 W/ Al WA E= TEATEREO]
SHTE ARERES AlAS] 18l FEEEAILT] SHrE WA
AP e 2 ATtellA CA7F # 4 5 wivee ) EHElofof gttt

WA AP Hell 23l Frejatslzo] AlAE ] A EHE
XPS #4131 Fig. 8ol YFERYSILE CA &

[‘

ol we} 2R Cut'e)

LN |
521 7231900, 2.5 wies] CAZ: SHa ke Alele]
—25wt%
- - -50wt%
A 7.5 wt%
B .:"‘I.'
3
o]
k2]
o
=0
o
(@]

930 932 934 936 938 940 942 944 946
Binding energy(eV)

Fig. 8. XPS Cu 2p spectra treated with solution 3(—), solution 5(---)
and solution 7(---).



e 2t

Table 3. Surface composition of copper layer treated with various semi-
aqueous cleaning solutions

Component ratio

CA concentration CwCu,0 (%)  CuO (%)  Cu(OH), (%)
2.5 wt% 71.78 14.05 14.17
5.0 wt% 88.73 7.06 421
7.5 wt% 90.93 5.26 3.81
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Cu*7} ZA8IA T CASl 57} S8kl wheh T3 Q] AkelE-9
H]&-2 7hAskal 9lom, 12%015ke] Cu?' 7| EANSISITE. T ditol
oJst o] Abska AlA 3 F0] 85% =&Te] 7| EAEIS o,
WA A7 A2 88%0 )y B4 7-2]7F EAlgh= A& Elskith.
o] AAE BHE U] 52 Fel| o3| Abske|™, cA7F
o] S AN o7 A A TAQ] &t v]EL STl

T

4.4 £

HEEA] 22k] FEu A oA A s = A RERE) AAS
Aol thal] 7k H Al ako] Sl WA A AS Al zsta 5
B7FeI3ATE CA, LA B! OAE o] &3] 7F=JA1nke] A2 5=
AAEAD oA A Felakse A ZH 5= 10 wi% LAZF pH 20114] 45 A/
ming LFERSL O, Fre]ofl Tt Aeims e o] 2]k 7) whe
CA7}F LAY OA°l vl&l] A YeRglct. el EAlsH= 2jit
sHEo] AAE wE57E BHS O7]o] 2EH ] AES tAl &
=, cAZE SR A el o st mHAAY Feolls gapdo R
EALsE A = ik A A e] FEjakslEel dist A=
CAQ] F=H3lol oJ&sta 9lom, CAS T 57} 8.75 wt%d
78.93 A/min®] A¥}E Alom, Felof tst FejakslEe] AeEs
S YeRRTh CATEF 5 wiko[de] EAg Aol ogt A &
EANM = T 2] 7) 88% o102 YERTE Tk 5 AlAko] 3
T8 WAl A Azl A 3702 715718 2 CAL] A7 Al
Aads S 5 wiel 3ol SEE fAshs Zlo] A sttt

#? A

o] A= 20159 % - AuEtw k3] A AT A H 2
TS (] £-520150082).
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