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Action Mechanism of MPS and Chloride Ions in
Electroplating Copper Microvia Filling
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ABSTRACT: The work aims to study the effect of MPS (Sodium 3-mercapto-1-propanesulfonate) and CIl™ in electroplating
copper microvia filling and obtain the corresponding action mechanism model. MPS and CI™ were added into prepared electro-
coppering liquid to study the effects on TP value (microvia rate) and observed by metalloscope. The effects of oxida-
tion-reduction property during reaction were studied by measuring cathodic polarization curve and design current curve. MPS
and Cu" in single MPS system formed compounds of -S™-Cu” and SO; -Cu" and the inhibition effect reached the best when
MPS concentration was 6 mg/L. MPS added into basic liquid caused positive shift of cathode-current density and negative shift
of equilibrium potential and inhibited the disposition of Cu’. In MPS-CI” compound system, MPS formed compounds of
MPS-Cu’-Cl” and the acceleration reached the maximum when MPS concentration was 6 mg/L and CI” was 60 mg/L. Due to
CI", MPS added into basic liquid caused positive shift of cathode-current density and negative shift of equilibrium potential and
accelerated the disposition of Cu’. MPS can inhibit the deposition when forming compounds of -S™-Cu" and -SO;-Cu" due to
lack of CI7, but can accelerate the desposition when formimg compounds of MPS-Cu*-CI” with CI". The theoretical model for
compounds adsorbing at microvia bottom in form of “single molecular layer” can explain the experiment process clearly.
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Fig.1 Molecular structure of MPS
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FERR AR : 200 g/L Bl ( AR 2% ) 175 g/L
WiliE ( AR 2% ). FABR AR S 100 mmx50 mmx1 mm
MRS E LR, PSR R ST R 150 mmx60 mmx3 mm
AR A o A REIATR A 1.5 L, WA R SFN 240 mm=62
mmx125 mm. &L 1 mol/L R AER TN
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Fig.2 Flow chart of experiment
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Fig.3 Illustration of the microvia filling performance
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12+

MPS/(mg - L)
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Fig.4 Influence of MPS concentration without CI” on micro-
via filling performance
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Fig.5 Influence of MPS concentration on microvia filling
performance in the solution with 60 mg/L C1~
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BT AR 0~60 mg/L 3 BBl I, B SRS Tk
FERITHE, TP (E G, A T B4 T L
I FLR AR B iR A TRk R
60 mg/L VL LBF, TP HAREA K, UhBS B T sk
JEN 60 mg/L B, Hmsge ik Bl K. 724 ik
S0 R HLA SR T EORE Y U T RE D B s
JEWAE B FLEEE, H MPS 5405 12 bl i A0 B4R
FH T ZE A B & 118 5 FLR 3 A PR W Bk A e 1
B MPS-Cu'-ClU 4554, I It 5 FLKHR 4 2 7 i,
6 H B 4 AT B & MPS i R 6 mg/L A 5 1
JE A R 100 mg/L B ERAS A H fLIH sl nr
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Fig.6 Influence of C1” concentration on microvia filling per-
formance in the solution with 6 mg/L MPS
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Fig.7 Cathodic polarization curves of MPS at different con-
centrations in the solution without C1™
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Fig.8 Cathodic polarization curves of MPS at different con-
centrations in the solution with 60 mg/L C1™
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Fig.9 Cathodic polarization curves of Cl™ at different concen-
trations in the solution with 6 mg/L MPS
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FARARFR KAE . % MPS TS E N 6 mg/L,
M TR HRETE 60 mg/L LA, B R B i
B T 7 R RS T i G 5 A ) 48 o i R K 5 4
B ER BETE 60~200 mg/L 3t [ I, %5 S 51
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fl 20 LIS, SBONEAEH IOk, X 5K S
A 6 152 LA AW A .
2.2.2 MPS itHREBEASH

SR 1.2 T EAb A A B e e ELA, A
5% MPS {4 & Il MPS-5 B 1R R 7E U E FL i1
HPLEE, Friggs i 10—12 fros.

0.04

0.03

0.02F

0.01

0.00

Potential(vs. SCE)/V

-0.01+

-0.02

0 20 80 100
10 AR T AR MPS ¥ BE T (41 Bist e 437 iy 2
Fig.10 Potential-time curves of MPS at different concentra-
tions in plating solution without C1~
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Fig.11 Potential-time curves by different MPS concentrations
in the plating solution with 60 mg/L CI”
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Fig.12 Potential-time curves of C1™ at different concentrations
in the solution with 6 mg/L MPS
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W 13 Fios. B 13a 200 MPS R EMK T 6 mg/L
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Kl 10 TS 458 52 W4 .
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BT -S0; -Cu'-Cl % &, 1L & YReas nth
Cu'—>Cu FHLFHEBMEE, Kt MPS 64 & 17
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14 R, G 14a s, EEEFREEEZ/NT 60
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HABTFASIEM-S0; -Cu'-CI 444, ZEEWUAE
TR A W AE S FLIHR , DTN S84 25 76 B FLIH
PR, e R, S FIRER R, VIBRNSEY
Wi, IEEHING R 7R 7R E N 60 mg/L 1Y
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BT Z IR Y-S O; -Cu-Cl 284 112 AN Kt i 1 o
FIHFLRHR, HEHWS BRI —Z2, ter s EH
IRERR, N 14b iR Bl SRk R4k s,
IEEAEFHEAAAS , X FEIEH R X P AP LA

P HIE R FHE B FURTS, I E L E 4 mss
B WS TEW MR L ek B 5 FLURE, R
l4c fiirn. ZBRISK 5, K6, K8, K9, Kl 11 #1
K12 RS Z5ie 2 2va .

K13 o TAATERS MPS 78 B SE T AL g9/ A 1
Fig.13 Action model of MPS in electroplating microvia filling without CI™

a ¢, <6mg/L, c, <60mg/L

@ — cy- @—) Cu?

b cyp= 6~10 mg/L, c, =60 mg/L

C Cyp> 10mg/L, c,->60 mg/L

Kl 14 MPS-JB TR AAZR MPS 558 176 d B I H AL i 4 AL
Fig.14 Action model of MPS and CI™ for electroplating microvia filling in MPS-CI” compound system
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