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Abstract — The Cu thin film material and process, which have been already used for metallization of CMOS(Com-
plementary Metal Oxide Semiconductor), has been highlighted as the Cu metallization is introduced to the metallization
process for giga - level memory devices. The recent progresses in the development of key elements in electrochemical
processes like surface pretreatment or electrolyte composition are summarized in the paper, because the semiconductor
metallization by electrochemical processes such as electrodeposition and electroless deposition controls the thickness of
Cu film in a few nm scales. The technologies in electrodeposition and electroless deposition are described in the view-
point of process compatibility between copper electrodeposition and damascene process, because a Cu metal line is fab-
ricated from the Cu thin film. Silver metallization, which may be expected to be the next generation metallization
material due to its lowest resistivity, is also introduced with its electrochemical fabrication methods.
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Fig. 1. (a) Schematic diagrams of conventional Al metallization process
and (b) process sequences of damascene process.
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Fig. 2. Schematic diagrams of deposition mechanism of (a) electrodepo-
sition and (b) electroless deposition.

oS WASL MRS Fal] R NS BAsh
o] wlgiAR F43h oItk At 10 nm T el
2} T35 (step coverage) T UF- Folok FE5FA A el
3 0% o) ol 4+ ek, sEel s AokSel B4 o)
g ylel 7243 FEeks 843381 fste] 571 3H7HA (organic
additive)’} 719 A g ARt f7] HA7HAlE FRAQ
A ST 245K A8 e A1RRA, £ BE
At A EFA] Fig. 39+ (bellA] & 5 o=
ZAY "W FZH(void) B8kl 5] AdE Folal S
% L2y f7] H7AE 0188l HW Fig. 3l =
AAE vl 2FF (bottom-up filling) TS B3t 25
F(super-conformal deposition)©] o]Fo|#] F-AH Feluhs o
o} 7P R BA 2L oLzl RokEe Ay A
0]
=

N

F

!

a

N
S

rlr % o J

‘]

o JN' rlr

30

=™
87 7 A1Q) 938 W 2AS AAs= ko 7 AT
AF7F ool Stk

International Technology Roadmap for Semiconductors(ITRS)®]|
= 20090l F459o] 3739 HEl 2] 7] (metal 1 1/2 pitch)
7} 32 nm, 34| (aspect ratio)= 1.8 EHF WXLl A= 3.7 nm
ojct. whbA - Wl S5 AAe k] 13 ofr 311
SRR Zk’}?]?ﬂ ol Aok fle A= 3o =9EA w3l
th3EA QL o7} gk A ffell Aoks flo] Adallews Foto]
AH %“—T‘”LO A= A4 A3l =F (direct electrodeposition)°]™ Tk
E = de =Eve g A48 ke d= ot zkzt
of wpglel] ca A Rl ApAle) Adeheg s,

1 Bl el W g o] sl dea
doficgol vistod 417 £ QotalaL, thie] doliat

A

5
HU
rlo
:{

HETZL§ B35t 2(Ag) M-S delsty 3t o F ol 71
G2 AR (1.59 pQem)@ EMel] tj$h =2 A& uizel Fel&
tjAEE 2R el ER R 2= A QUeh3-6].

2. 72| MoH==(Cu electrodeposition)

2-1. 77| H7IHIE oI8st 72| Toll=
copper with organic additives)

=(Electrodepostion of

T A kel (CuS0,), FAHH,S0,) 2 7] H7H)
2 o]Fojzl Mzt gollofa] 1 Whgo] o]Fojzitt. ofuf ke



T 9 e e

(a) (b) (c)

Fig. 3. lllustrations of (a) sub-conformal deposition, (b) conformal deposi-
tion, and (c) super-conformal deposition.
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Fig. 4. Schematic illustration of suggested superfilling mechanisms of
SPS/aged MPSA. For convience, stoichiometry is ignored in the
illustration(Reproduced by permission of ECS-The Electro-
chemical Society(Ref. 18)).
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Fig. 5. Schematic procedure of pCP and subsequent selective dama-
scene Cu electrodeposition (Reproduced by permission of ECS-
The Electrochemical Society (Ref. 33)).
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Fig. 6. Cu electrodeposition, after electrochemical oxidation, using (a)
BTA, (b) low magnification of (a), (c) PEG - Cl on electrochemi-
cal etched Cu layer and (d) low magnification of (c) (Repro-
duce by permission of ECS-The Electrochemical Society

(Ref. 36)).
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Fig. 7. Cross-sectional FESEM images of electroplated Cu on (a) TiN
substrate, (b) Pd activated substrate, (¢) Pd activated pat-
terned substrate with PEG, and (d) Pd activated patterned
substrate at the presence of benzotriazole by two steps (Repro-
duced by permission of ECS - The Electrochemical Society

(Ref. 42)).

A AaleES BasSiths1, 52]. Hell SoiM= Pd 2493t A
2] W °i°l Ru 3719] Ak} Aejel 2] deimse] HEss
z7alo] Ru & 9lelxel 4a4el el A3 Asmdo] Moffat
Soll gt} HarE7)E SI3lh47]. oleldt A5 delmg-> thE
A ZAE ARl 0s Ir Sl E AlEEE o Y 9ol
A 2 7Fs/do] Al Qehs3, 54].

3. 2 Moll== (Electrodeposition of silver)

&2 CPU &7t F7hetarl sfele] 717} AlS2| o= 2oyl
et FElE giAE 7 s A 25 i S22 ojAA 1 Q)
o o] ek & TR B uiA S 2t Ak Aejatel=
(silicide) B/del| tist A&HAdo] TRt vk 44 slell dAl
g HiAel 2851 9l AR Fo] IR AEE  gloA &
< 717 Al Agsket SR dzele]] oist TPt Ee
A ks ez Qlod(s, S5, 56).

2 Aamgoll QoM = T dallmFelr el o] AEue] F-
AR AN 7P St ARdelt), e B ] A EaellA 4
S5 Al A0 23 2 Hallmael et 14EA F9)
ol & dsegel] gk A= e Halmaei® we AnE
H skl Q1= Moffat 5ol &J3te], KSeCN& 7] M7= o]&
3 ALE0] FE o)L Qluk6, 20, 55, 57]. L} 1 AxjolA
FAR A AR A= vbe 2R FdE RoFH

%}z oAk & Aol wiek A2 5E B8 252 o
& A¥= Ahnol] 2]3te] B QITHS] Ahn«] ArellA 2 Al

T S8E thioura?} BTAS 7] ﬁﬂ-ﬂ]i x3)
KCN &g o oo}, 2] Mdafies:
Shd BTAE & HalTreolrs 7154 A3E siglom, TG5A=
+ thiourea?} AFEE T}, Fig. 8 thioureas #4542 BTAE 7
EA|E ARl T & RS BolFa gt 2 A3
53 $st & H7HE Chooll 2Jte] AAIE ATHS8]. Choll
ATelM= ON- o2t J3HAIE Fshs CuCNe 7H5A| = A
CN& 7[Eo® sh= dafgolel] 718i8ict. CuCNe] 715 fake=

Y8k KAg(CN),2+
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Fig. 8. Time-dependence profiles of superconformal electroplating of
Ag thin film for (a) 100, (b) 300, (c) 400 and (d) 600 s in the
presence of TU and BTA. The circle indicates the bump
(Reproduced by permission of ECS-The Electrochemical
Society (Ref. 5)).
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Fig. 9. Bottom-up filling in Cu electroless deposition with the addi-
tion of 0.5 mg/L SPS and 0.1 g/L 2,2'-dipyridyl, as a function
of time: (a) 3, (b) 5, (¢) 8, (d) 10, (¢) 13 min and (f), (e) after
annealing at 400 °C for 30 min under N, atmosphere (Repro-
duced by permission of ECS - The Electrochemical Society

(Ref. 73)).
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