st 2

Other Electrochemical Deposition Technigues

e

FE X2 MO

—

(|
for Semiconductor Interconnection

Chemical Engineering Research Informotion Center

-

4

N S okBokolw ROU GBS - NI oLy
< BN . R RMWA T FTE §HSH D¢
A0 soomo W=z s 2 = FR OB O
_ Rokwolgp oM~ = 2= | 3
OF 70 o] 10 < msHS 53 a g X g O MW
- w0 K - Ko KTOR0 = O3 30 =T 3 Hf @ m) ) o3 M
| ) = 0 mw 1 10 g ool oo A
&) RV 20 k0 fo = - = = i =
A o Wy _ KMy gm0k
B U mmmto MmakUg™ o O _ i
™ = %0 o ar B 23S X0 = mo ol
4r ol = ol oo M R @2 S
rir =~ o/ o e 00 or Mo T F W o %0
i) Mukmr  Wos W 2y Mo
_ b= = o w W = M3
ﬂ&%%%@% KX R gy mz__ﬁmﬁ__mO_WD
O 0 _OF= = 5 = OF gf O >
H NE K 0 - K = K ol TlAr_. < a
Dftwg g ey g o
= op 0o L - TR & g M oy BB
_._._._._ i0J ey =) :m‘_ O_D __O._ W_JI -~ KJ ZD [0 < KM A
E|odo|o=__l, ol o ~ — U S_.._omm Du&o|
S "o o mMAo._H,u_._AuH @ w oo = X0
aT ar I 8) Ur ol ~ © ° - o5 o
o m =AM Ty, Bk Rl B XX o O <
g = et R0 A > S Ko ooz
nmZma _ 3 L L i
U= o #%maz (alnﬂ__ralxm
nORGE T 0O H o S o
s mmm D ™o oL R0 M
o = 3 ol <k = OF
pd ~ . ° 70 R = Rl ~0U o o o ¥
A __gwﬂAOT B Wooon N 2o
Do DT W W gsuEm Rusp =2
tREME TS gy m B W R w
_:Ea_i%ﬁo_uzo_ﬂmgoﬂ :DM?EM&
TEFB M R R RO W = X0 K0 M
=a_. . JWHhH _fHHOR B W g0 0~
5 _ M _ &3 W% H Ko<y =M
CEIoMWwRT AL T HTED
O o M W R HO &) 8J <D DF A Il R o8 O <

LA

!

=Il=2

7

LH 2l

IH & LH Ol
& A



S
KJ
OF

70
ar
Bl

RO
M0
ol
=

o
iy

=
1o
KJ

oF

==

]

OlA OIF O X

IH

Al
10

[ ]
—

ol
il
r
=

}

>
oJ

I

—

(H

tI1

110

010

0l

f

J

Wk
_ID

& LA

ol
o

00
<+

H

04,

1o

OF

ioll

i

o

S
KJ
OF

»

L

* o

‘ w
(*nd 3d ‘BY ‘pd ‘ny)
2oeuNns ooAEIen

ol
no
H

S
KJ
OF

—

i
M

®

H
<
iy

Solutiun

Elect

LH <

H

(]

A

o3

__om

Ll

ol
0l

4dr
o

x

[l
I

o]
=Y

0l
LA

S
KJ
Ok

ol

t=

U0 A

}

&t

=
1o

i0J

ok

tI1

110
70
70

2 dA=Z

et A

HH
OF

HI X et0l OH

t= 2

4

=, O
ol

LA ORI X

F

A
(=]

_

<
o

HE L.

UEGPND)

40]

=
=

BrS0l &

sel

-l

2 Xl el

T

o7

i0J
)

oI

OIES DYE Ol=2

Elke)

o
1o

or

ol
KM
pd

-

nl
ulo
K

1o

140

ol
ro

PVD seed

-
@
[
L]

o

-l

s

o]

I

o

I

Co-ELD seed

500 nm

=
1o

o)

F (from ref. 2)

& 2



Oligt =d&Mz2 S 0120x: =20= 2l ol ==Al A
=1 HIHMIO st HE JIFI xS REEHTEAN 0s D

S
dol ==0 A& HEoto & ol

iy
z = o

H
2oy
2

>.

bt
~ A

1S
AR =SSN 5
=xz=0| Lee SOl 2ol £H EA2H, Ol HIISEH
(quartz crystal microbalance)2 0I&35t0 Jt=5HI2
el & ==2= 2219 20l sIF £= 2
(08 4) oOoldst Zool 2Hot ==0 OE S
(bifunctional effect)E AZ26t”ACH. = SPSIE A2 (2.0 mg/L)
ZME HL 0l SPSE HMoll =29 &H=R2 OIEIIXZ Fe
H SWE UEIHN el =3ge SIE AU 1O 0l&e
ZM & FR20s WO SPSIH 230l £2 &9 AMAMZE
St £ SPSe =M™
0 0 rsXMdES AZE JIFE  diAst=0
CIUCH. S35l SPSe 2,2 -dipyridyl0]l SAI0 EMWE AL =S2E &
SAlO R2EES &QIGIALCH (O 5).

J
]
o
0 0
n
o™ |0

-
[
B oon
¥
80
00

Mo
fob
0

3
wn
|0

O fob O H1 22 HR 0
HI & K = W ¥ oY HU (ir

N
U
12
2

=

=
i

9 9 0 JAd Rk oo H
Y |
el
rr
=
m
10
40
ﬂ
==
=

WA O H1 O OF M0 0

3.5
1 | —— without SPS
3.04 |- - -0.25 mg/L SPS

e J|---- 0.5mg/L sPS .

§ ,5]|-—-20mgnsPs -

=2 | |—--—-5.0mg/L SPS e

-}

°

z

g O 4. ®I|5etA X

< s H22 0|8t SPS
of sl E =22
=3 21 (from ref. 3)

T T T T T r T N
0 50 100 150 200 250

(b)

18 5. 0.5 mg/L SPS%t
0.1 g/L 2,2’ —dipyridylS
ol=st &l =2 +al
oto] TEM A& (a) 5
min, (b) 9.5 min (from
ref. 4)




-cl

st

=2 oz dX0IsH 2

Z3t2

B)
Kk

0l
Al

-

al

-

10

—_

<J
or

ol
%0
Ho
]
wJ
50

qr
lor

g
=

MetAd dol ==

AHOIS] HIHOIA OISO &ILH.

| |
=2

A

KHU
A

iy

(w]

=
oF

x
()

P

tH Ol A

& X0

J
5
00

KO
ok

o}
ol

(HO

P

ol

0y
el

i
o-
ol
0
i)

Kt

180

o Weimoz

o

CEL0 s Tel EH

il

I

—_

oJ

4l
I

ol
al

-

ol
0l

ol
%0
H
K]

0l
HA

1o

00

i
Kl

i0J

o

ol

z
a)
9

Al

<l

RO
[0

J
0
X0
180

ol

o

0
Rr
wl
X

&gt

300°C 2 Xl

=1 3] x=)
T

0l

o0
<

Cu(s) + 2AgNOs(ag) —> Cu(NOs), + 2Ag(s)

clectrodeposited

Cu

o
5
w
-
=
=

}

capping ©

==

oF

[0

50

(from ref. 5)

ERET) 0
Sputter time {min}

10

Cu

40

El

)
Sputter time (min)

0

40 30

30

i
Sputter time {min)

2
Sputter time (rmin)

0

bl

10

2

=]

o

a

1

ol

-

ol
ol

o
70
180

w0

of P S

=8t (from ref. 5)

Tl B X (8XHel 5F) (o), (d)

(EHel |f2) 2

o
e

2t 0

ioll
0

=
ki

0

s

—/

gto
=



—_

&1 28 (References)

. J. J. Kim, S. =K. Kim, C. H. Lee, and Y. S. Kim, “Investigation of
various copper seed layers for copper electrodeposition applicable to
ultralarge—scale integration interconnection”, J. Vac. Sci. Technol. B,
21, 33 (2003).

. S. =K. Kim, S. K. Cho, J. J. Kim, and Y. =S. Lee, “Superconformal Cu
Electrodeposition on Various Substrates”, Electrochem. Solid-State
Lett., 8, C19 (2005).

. C. H. Lee, S. C. Lee, and J. J. Kim, “Bottom-up Filling in Cu
Electroless Deposition Using Bis—(3-sulfopropyl)-sidulfide (SPS)”,
Electrochim. Acta, 50, 3563 (2005).

. C. H. Lee, S. C. Lee, and J. J. Kim, “Improvement of Electrolessly
Gap-Filled Cu Using 2,2’-Dipyridyl and Bis—(3-sulfopropyl)—disulfide
(SPS)”, Electrochem. Solid—State Lett., 8, C110 (2005).

. J.J. Kim, Y. S. Kim, and S. =K. Kim, “Oxidation Resistive Cu Films by
Room Temperature Surface Passivation with Thin Ag Layer”,
Electrochem. Solid—State Lett., 6, C17 (2003).



