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Abstract — Cu interconnection in electronic devices is fabricated via damascene process including Cu electrodeposi-
tion. In this review, Cu electrodeposition and superfilling for fabricating Cu interconnection are introduced. Superfilling
results from the influences of organic additives in the electrolyte for Cu electrodeposition, and this is enabled by the
local enhancement of Cu electrodeposition at the bottom of filling feature formed on the wafer through manipulating the
surface coverage of organic additives. The dimension of metal interconnection has been constantly reduced to increase
the integrity of electronic devices, and the width of interconnection reaches the range of few tens of nanometer. This size
reduction raises the issues, which are the deterioration of electrical property and the reliability of Cu interconnection,
and the difficulty of Cu superfilling. The various researches on the development of organic additives for the modifica-
tion of Cu microstructure, the application of pulse and pulse-reverse electrodeposition, Cu-based alloy superfilling for
improvement of reliability, and the enhancement of superfilling phenomenon to overcome the current problems are
addressed in this review.
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Fig. 1. The schematic diagrams of (a) subtractive etching process
for Al interconnection and (b) single damascene process for
Cu interconnection [6].
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Table 1. The Representative Electrolytes for Cu Electrodeposition

Electrolyte Cu ion source Supporting electrolyte
Sulfate CuSO, H,S0,
Pyrophosphate CuSO, K,P,0,

MSA CuSO, CH;SO;H
Cyanide CuCN KCN
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Fig. 2. (a) Subconformal, (b) conformal, and (c) superconformal pro-
files of Cu gap-filling [6].
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Fig. 3. The superfilling of Cu at various trenches [26].
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Fig. 4. The schematic diagram of superfilling mechanism with the
changes in the surface coverage of adsorbates [6].
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mission from J. Electrochem. Soc., 154, D208 (2007). Copyright
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Fig. 8. (a) The electrical resistivity of Cu films according to the off-
time in pulse electrodeposition and (b) TEM images of Cu
films deposited by constant potential deposition (CPD) and
pulse electrodeposition (PD) with 0.3 and 1.0 s of off-time.
Reprinted with permission from J. Electrochem. Soc., 157,
D564 (2010). Copyright 2010, The Electrochemical Society.
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Society.

B (dynamic equilibrium) AE0]7] wjio] A= E24] A0
AR oAM= FLE o] A=t a7t dofukar Tk ol gt
F7go] vheke] A oUAIE 57 Q)8 A om F AR A
gt 2R A7) Gl ololA] et AYH A71E S7HIITH

A A3l =59) o= A% (anodic potential)@} 2]H 2 A
e19] Tk9] Alo]E 239K (anodic charge/unit cycle)ell TR 150 nm
8] whake] B Ag WMa7} Fig 9ol UreR} QIThs3). H A w9 A
oF F g3l HAE niA S oM, oA g1k
2 A8 272 24 27 div] oF 9% W& HIAEE A& U
UH[52-54]. 2] A9 g3l F7Istell Wt At A9 A
718} 329 ARZI7Y FAlel ¥k A ERleIIn. o] e
2 2ol el L4 (selective dissolution)oll 71913+ Avjo]t}
[53,54]. HIA @ SHolM A™ 2719 11 AR 9] S7h= 7]
AR 2 (2), (3), ()0l gzt ZA Y ke G2 7k A%
H 27 T7k= A EARIA AR} ARk TheAE Eol RS
A7) Wi, 3 AR S7Rs dAre] 39 Al 75
= Fo] HIAEE SRR 7 7EA] QR19] AL QlE)] HA
o HIAE gho] Yeh= Aolo), AAE 21& o] gste] FAa i
el T Hpel mbE uAe MelE A9 2 ARV o
& aEste] Zgs] 5313laL ol Fig. 990l Ve Qiet

32, IMRMYE TKl= 2| &= i

712 B4 ARt opet 2] vide] A=) o] oferrt ¥
Stk 7] wibd o] A2 A AR} TE Al Dous= electromigration
Ak #A17) Z16H[55-59]. Electromigration 373> #}2] o]F3}
A WFow ] APt olseHl He A weh, A A
5 A diell Hol=rt At ) mld e o Rare] et
Zh(mean time to failure, MTTF)S TR229] Black 4] ©.2 % &o| 7}
5 BHH59].

MTTF = Aj‘”exp(i) )

KT
A%} = I el AR ARE YERiY ks T 22 E=51

Korean Chem. Eng. Res., Vol. 52, No. 1, February, 2014



32 i

Table 2. The Electrical Resistivity of Cu and Various Cu-based Films
Deposited by e-Beam Evaporation [60]

Films As-deposited Annealed at 400 °C for 5 hrs
(n€-cm) (u€-cm)
Cu 23 2.0
Cu-3.0Ti 22.5 39
Cu-2.3Sn 8.6 6.4
Cu-4.0Mg 5.7 34
Cu-2.8Co 10.3 6.4
Cu-3.0Ag 4.2 24
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Fig. 10. TEM images of superfilled Cu-Ag by electrodeposition. Reprinted
with permission from J. Electrochem. Soc., 160, D3126 (2013).
Copyright 2013, The Electrochemical Society.
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Fig. 11. (a) Electrical conductivity, (b) sheet resistance change before
and after the oxidation, and (c) mechanical hardness of Cu,
Cu-Ag, and Ag films deposited under superfilling condition.
Reprinted with permission from J. Electrochem. Soc., 160,
D3126 (2013). Copyright 2013, The Electrochemical Society.
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Fig. 12. The evolution of deposition profiles with polyethylene glycol
(PEG), polypropylene glycol (PPG), and ethylene-propylene-
ethylene block copolymer. Reprinted with permission from J.
Electrochem. Soc., 156, D287 (2009). Copyright 2009, The
Electrochemical Society.
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Fig. 13. (a) The evolution of deposition profiles obtained by constant
potential deposition (CPD) and pulse-reverse deposition (PRD)
and (b) the height of Cu deposit from the bottom of trench.
Reprinted with permission from J. Electrochem. Soc., 160,
D3088 (2013). Copyright 2013, The Electrochemical Society.
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and the gap-filling profiles on (c¢) damaged and (d) electro-
lessly repaired seed layers. Reprinted with permission from
J. Electrochem. Soc., 157, D187 (2010). Copyright 2010, The
Electrochemical Society.
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Fig. 15. The cross-sectional images of (a) damaged, (b) one-step repaired,
and (c) two-step repaired seed layers, and (d), (), (f) the gap-fill-
ing profiles on these seed layers; the seed layer repairing was
performed in pyrophosphate based electrolyte by electrodeposi-
tion. Reprinted with permission from J. Electrochem. Soc.,
160, D202 (2013). Copyright 2013, The Electrochemical Society.
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deposition amount. Reprinted with permission from J. Elec-
trochem. Soc., 153, C37 (2006). Copyright 2006, The Electro-
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Fig. 17. The sheet resistance change of Cu film after the annealing at
various temperatures. Reprinted with permission from J.
Electrochem. Soc., 160, D3057 (2013). Copyright 2013, The
Electrochemical Society.
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Fig. 18. The successful Cu superfilling on Ru-Al,O; acting as both
seed and diffusion barrier layer. Reprinted from Journal of
Alloys and Compounds, 580, T. E. Hong, T. Cheon, S.-H. Kim,
J.-K. Kim, Y.-B. Park, O. J. Kim, M. J. Kim, and J. J. Kim,
Effects of AlO, incorporation into atomic layer deposited Ru
thin films: Applications to Cu direct plating technology, 72-
81. Copyright 2013, with permission from Elsevier.

300 nm

Fig. 19. The gap-filling profiles on (a) iridium and (b) osmium barrier
layers. Reprinted with permission from Electrochem. Solid
State Lett., 9, C48 (2006) and Electrochem. Solid State Lett., 9,
C41 (2006). Copyright 2006, The Electrochemical Society.
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