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Abstract

Nanocrystalline Cu thin films were electrodeposited from sulfate baths and investigated systematically the
influences of Cu’* concentration and additives on current efficiency, residual stress, surface morphology, and
XRD patterns of electrodeposited Cu film. Current efficiency was nearly 100% at from 0.2M to 1.0 M Cu**
concentration. but it was linearly increased with Cu®* concentration at less than 0.2 M. The residual stress
was observed in range of 7.9 to 18.4 MPa and tensile stress mode. Dendritic and powdered form was obtained
at below 0.1 M. As increased with Cu™ concentration in solution, the main peak in the XRD pattern shifted
(111) and (220) from (200). In the other hand, all about 100% current efficiency observed in all additive
concentration systems, and residual stress observed in range of 20.4 to 26.3 MPa tensile stress. The condition
5(Ultra make-up - 10 m//l, Ulta A - 0.5m//[, Ultr B - 0.5 ml/l) was good surface morphology, and fcc(111)

peak in XRD patterns increased with increasing additive concentration.
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A 212) 8] 2 7] ¥HFPCB: Flexible Printed Circuit
Board)®] ¥AEE AME-EIL U= A EEAZE
E(FCCL: Flexible Cu Clad Laminate)< LCD,
PDP, OLED +%& IC package filme] 4] A7) =
Al, FCCLY 32 H-g JAs & Ay =zlolH
ICE #7]A5}ste] LCDHE FPCB 3|2 F5% 4
37k A7HA AZE d4dE FE 9FE )
FCCLS 524191 Zg]o|v|=(PI: polyimide)&3} ©ll
ZAY olAE R o]Foizl HAA F E =t ¥
d%+= &9 (copper thin film) F¢] A FEo=2 +
d=lo] Q= 3% FCCL3}, PI 53 B8 Fo] F2t
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g1 2o A LDI(LCD drive IC)FE &<{oF 3}
3 olE fsiME BNEH EL 25um olFE Fof
oF sz WAlZE ol Qid), ole] g ol
uk2 A9 EE W49 FCCLe]7] wEolth, 23
B WA FCCL Az WS F4A4< P15 9l
SHEYHS o] 831 seed layers FASIAL, L
Qo] M71=wFF S ol&std CuE A&eiA €
k. o]E 3 FCCLY Cumd FAE 2~30 um7H4]
HrEA 24 5 7] W), B2 A8He
olvel wA|3|2 o] FHo] 7hsdte] 7] A4
(flexible) FlaZdo]e] T5& 93 A= 280
A sjE Aoz A= o
Pl Cu &5 d3A7IE WHo2+ CVD
(chemical vapor deposition), PVD(physical vapor
deposition), FHAs ==, A7 =a o ®Hol 3l
th olF MUEw ¥ 2 AR, 7 =
e go], e AxnE, meE dFEE, Hig
Fde] EAlC A 7hsd o B AHE 7HA
ki ’E} o]a{—a} 7<]—7<40 u].l%l— =4 ;(47]_13:_%%'_7@
F ol IC chip, A717150 A, F
Eofoll AR AL Sl
TolM = Z]-/H]EH flexible 27| °ﬂ ohFsHAl
A= FCCL Az AHE-EE Cu ¥tehs
8 Fo] Cu”' FTE, AV FE éﬂl sked A
Teure] F8E, #29 I, vATx
A71818HAR1 B0l mX= =389 S Cu”
T g H7HA &Y FFE AT

2. Mgy
A7N=FTZES ol 6}04 FCCL A% Cu %E

Souel = % SRRARE & 19 AR
ot & AP AR ARG e o)y
AZE =2 Uehhold AT, B A7) AHS
H EFEA 13 AFE Agalo] AxHUL
=s o AR A S

Table 1. Composition of sulfate baths and experimental

conditions
CuSO, - 5H,0 0.1~-1M
H,SO, 0.7M
HClI 0 or 0.1 m///
Current density 20 mA - cm”
pH 0.34
Temperature Room temp.
Agitation No stirring

Table 2. Conditions of additives in the sulfate baths

Conditions
1 213|415 6 7
IAdditives

Ulttamu. m/) | 2 | 4 | 6 | 8 | 10| 15 |20
Ultra A (m//]) 01/02|03|04|05(075]| 1
Ultra B (m//) 01{02]03[04|05|075]| 1

ste] Z-9(de-ionized water)oll 833t A
Ak 2389 F FHTYo () FFACE
A& CuSO, - SH,0E AF8-3t% 2., supporting
electrolyte=4] H,SO,& AFHS-3ITh pH =4 & ¢
3l NaOH =& H,80,5 AMg-staier, ¥ g4
WalE BAS] 9ste] E 29 2ol AIHAE A
et FFoRE B4 Cutto] AHHUT
29 Cu®l 778 (residual stress)yS =4 3d17] 9
stod, YA =5 EHZH(7.74 cm’)S ZH= Copper
test strip(PN 1194, Specialty Testing & Development
Co)S 3o AFE3IUTIY. o] Copper test strip
E5E Cudl HF-3EE 457 fletd F I
tejE FAaEe dew, 77t vl & W
EHE ol sk %%ka, e 3
CEEE A WA St EEHE 2|
oldE st == H, 252= AHE-E Copper
test stripe ethyl alcohol2 33 &<t YRS AL, A
s} 2ALE AAsH] S5k 22 S 10 vol%
H,SO 1A AHA] 8t o, g of&ste] 474
stk A7 ma E—;L%"—h‘% WN=e T
of wRbshA] eFgkom, FoA HASAT. &=
AR 582 Aew A% A3 ol 49 74
o] ZHE A= AT % Aol AH&-" current
source== EG&G PAR Potentiostat/Galvanostat
Model 263AE A8-3}41Th.

TE58Y W O & Wt TS Yo
A8, H,S0.2 07 M, =789 pHE 034, AF
EE 20 mA-cm”, EFAZHS 1000 sece] FA
2 A FAIgE AdEfellA, CuSO,-5H,05 0.1
MEZ WA E=a5S dAskdnh. =5 E%%"“
Wl H7HAI(ATOTECH, Ultra m.u., Ultra A %
Ultra B) &% ®iste]l JFS #Fstr] 9lsho,
CuSO, * 5SH,0& 1M, H,SO,Z 0.7M, HCI 0.1 ml/I,
=F3EY pHE 034, ARFLEE 20mA - em™, =
FAITHE 1000 secd] o2 A8 §A3 A,
A7 F& E 29 72 27ACE WHIANA =F

= A8kt
® 1 % 29 2180 gt oA A7 =w
Cu Z&4 &892 4o, 34 e &

371 98l SEM(Model JSM-6300, JEOL Ltd.)<
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AT e A7
o B3] 95ty XRD(Model D/MAX 2500H,
RIKAKU)E AME-3th XRD ¥4 7L 0.037
sec, 30~100°2] 20 Mo =43t}

f Cu BB vHEY

Cu®] o] T%E 0.1 MEFE | M7HA] Wsts F
Ark =wE Cu % ol9, t2 =79 4
© 1,80, ¥EE 07M, AFUEE 20mA - em?,

0.
pH= 0.34, 72, Fudl, =53A)17H2 1000 sec(==
FA 2 oF 75 um)E LA &t

Sulfate =8NS 2HEH| Cu ZEE A/ =H
o, =FEd T Cu Fx W3l WE Cu
dE59 AFas HsE 29 19 YepIITh 0.1 M
Cu” =9 A%, AFaE&L oF 43%= SHESA
om, 02M o]de] 739 AL 100%°] HAFas
YeRlSIth o3 AateE 02M o] B%
<+, Cu2+%=t°l 712 A% =FEe] drwrt
Z77F AREE&) vAe FFol A9 S 9
v ghc}, Sulfat EFg o7 RE %17@% o C
oA Cu &=
g llter"‘(024 M) olsiel 7
0 BRyEPePo. B Apor m=Fge
Cu™ 04—7]’ 02M ©]3kl 3% HFEE2
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Fig. 1. Current efficiency of electrodeposited Cu fim as
a function of Cu ion concentrations.
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Fig. 2. Residual stress of electrodeposited Cu fim as a
function of Cu ion concentrations.

WNE=aE o, SF22FE 7k Al 3
CuE9] 5’—7‘:}% T, A EEEEE A8
A= Bt W A e CuPol 55 1
Skoi o] F3te] ol A= FAAu|FA
(diffusion control process)©|”7] W<&¢|t}. Sulfate &=
T8O HE M Eg Al Cu¥' = Wsld m
Cu BEel 273 Wate 28 20 JeIY
& QF SMPaOM °F 18 MPa®] W 9=
AEReH, Cu* F=7F 7P w2 0.1 MollA 7t
¢ @& oF 8 MPa®] FFR-&Ho] ST

=F8Y U C sEsl e Wr=g #
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Cu Z59 FHIFY WstE 21 30 Uehhld
0.1M Cu” F&=9 27X Cu BF9 WA 2
TAE B EEEEH ] d5e] "] AEHAT.

ol =78 W Arizgd ]8T + U=
Cu” F=7F Ui Hopx] Agt Axz yeks]m,
Cu” FEE 02M oo ST/ Agolle &
DEH o] HEol B59 WA AEEA 49
t}. CuSO, %7} 0.1 M, H,S0, =7} 0.5 M<I
sulfate =F8-ollA AFHEe] W3l uel A7)
T3 ¥ Cu 35 o] Adst FHoENYH +
YRFS SHpowdery) FFo.= ZH ]?l 3 KA
(. & Al=g &9 o Cu FEI @2 A
9, AFEE10 mA - cm™ o7t ‘%L*%‘F% A
gk Cu ZEo] WA, ARLETF =555
mA * cm > ©]3}) powdery 3+ FEJS] Cu ZEo]
Ago] HAEJt waba B Ao AMEH
2272 01M CuSO, - 5H,0, 0.7M H,S0,, 20
mA - cm 2] AFUE FA0|2F powdery Cu Z
5ol YA+ A2 U A7 At & A st
3 AbEE ek olgfg FH P Hole =
89 T o' FE 2 AREE s 9
S 9m3lth. 02M CuSO, - SH,0 °]4e] &

g

0.

M1 ooft =l

ek



194 5L o] /=THF

3}

3] 42 (2009) 192-196

(d)
Fig. 3. Surface morphologies of electrodeposited Cu film

with various Cu ion concentrations in bath
solutions : (a) 0.1 M, (b) 0.2 M, (c) 0.6 M, (d) 1 M.

o] 7%, ==8d U Cu¥ F=7F FEste] &
A FEHIRZEE Blojg & ] W%Olﬂ‘r
g 4 ok E=S 01M Cut F oﬂxi ME &
sto] EHEAAES #Fe A2 HE X 63*&01

roughe<+% Cu 259 789 7hol ”OWEF
e & %“* Atk s 06-4 Cu®” FxoA A=xh
Cu &< 9F 18 MPa®] #7338 zHe YehlSict.

a9 49 Cu* = W3lel] whE XRD pattern ¥

3= et} Cuthbertson® ©] B33 As}e) 7+
o, B AFME Cu % W3 wel fee(111),
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Fig. 4. XRD patterns of electrodeposited Cu film with
various Cu ion concentrations in the baths
solution.

Table 3. Grain size of Cu film varied with Cu lon
concentrations in the solutions

Cu™*(M) 01|02 | 04 | 06 | 08 1

Grain size (nm)| 50 41 41 44

_

fce(200), fce(220), fee(311) T EC] o0,
substrate Cu®| ZAA "o Jeks

o 2y Qv wETF W Al
pH ®3} A9-9f= 2o fee(111) WFe] F=7t 3
7Vhe #EE & At wEkA] oA
FHUEZQ20mA - cm)olA Cu &5
fce(220) Hleko 2 AAsteE Ao = HAd=Ech ¥ 3
of Yebd uie} 7Fo] fee(111) HASEFH ALt
AAY Z7]E 36~50 nme] WS zton, WAz}
A4 2 Edge el dEo] AXREE 0.1M Cu™
5 24 7PF £ 50nme] 2R Y A7 S 7+
Aoz AT

Lﬁ

i

32 M7 s HWalo| Adsk

A7== £ Yo H A &e] sl mE A
715a 54 #skE #Fetr] s H7kA wst =
2L & 20 YeERNRITE H7HAlE 37HA] F7(Ultra
m.u., Ultra A, Ultra B)E &Y3¢ ¥]&(Ultra A 2
B=Ultra m.u./20)2 W3 ZTh H7HA e de]
3} o]9lollE, Cu* Fee lM, H.SO, H%+e 07M
AFUEE 20mA - cm™, pHE 034, AL, T
W EFAIZEE 1000 sec(EE A 0 F 7.5 um)E
aAste] AAEAT H7HAl o] Wste] e A

a8 HIls Cu = W3H0.1 M 7% A9]) A
-2 ﬂ}ﬂﬂxli A7HA °1 %WJr—t— AAIRe] i
9] 7% 9F 100%2] FEELS Uey o= I
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Fig. 5. Residual stress of Cu thin fim as a function of
additive concentrations.
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Fig. 6. Surface morphology of electrodeposited Cu film
at various additive conditions : (a) No additive,
(b) condition 1, (c) condition 5, (d) condition 6.
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AR 2 A7-8E S Ui

A7l EEd e Cu 59 XU Hals
a7 6ol Yellth H7HIE H7ke A28 6(b-

d)ell #A7teiA] 2 ﬁT( H 6()iEtt xS
o] W% smoothsl A= A& #FT 4 o, 3
7l "A7tE7A S(2E 6(c)9 A7 7HFE smooth
gt #We YeERlth 28y HUHA vEE Y =
ol A(ZA 6 2 7= xHol S (pin hole)°]
ol AT webs HZA ] HTHA| Fo] EA
s, AWty oz HIMAE AL e 3k
o AT A=Akl iAol 7] W, X7t
olgste] A7 =g Al B A 2 2EHXS

e A7ea 54 A9A TS A=
vhdshs dle HAZE Aok B dele
7S] f - Foll wel FEFEAS & 2olE yE
weowr, A7HE H7FsHA i MM Hat
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Fig. 7. XRD patterns of electrodeposited Cu film at
various Cu ion concentrations in the baths
solution.
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Table 4. Grain size of Cu fim varied with additives AH4ESs Jehfiglon, A7AIE Yo ZAA

concentrations in the solutions = ok 23 MPaZ U 0.1 M Cu¥ BEE ZH=
Ultamu /b | 2 | 4 | 6 | 8 | 10]15]20 SFEARNME SR B Peje] EW FL
Grain size (nm) | 35 | 38 | 33 | 30 | 32 | 30 | 33 e, A7HAE shed m2sodo2nE A

Z% Cu €52 smoothdt W S YERS

H-8Ee w3, EHPA0] rough¥s & Tt XRD ¥4 AA=FH e ZHNA fee(l11),
gL vholx]= oz ot wEhA sulfate = fee(200), fee(220), fec(311) HAEo] H&E L,
FEAdo2HE WEF ¥ Cu T #HF3H T8 e e % @3t wEt fee(111) 2
o EE89 U ¥ FERW ols EUFA  foe(220) M Awsk 7 shAen, A7 U
T oEdT AJME = 3lE Aol Wste] web e fee(111) ¥3 B=7F 57135k
2 791 7 sxel ©E Cu 259 XRD t}. Sulfate =5 §qogRE H7|=F @ Cu I
sl WelE etk A7 Fe 77 B ARSHe EUPAY L XRD patemst B
79 fee(220)8] ASE= WHab7F Yo}, fee(111) o] & Ao AAHY, THFJe] smooth T
sze] e AR Fbeldnh e W 8 2Rede] S8, feo(l11) T2 BEst
£ A7k A AR XRD HLHe] BAR  ABFEE F/RIE 4L D 5 AAh
FE ddel R, sulfate A7]1%5 S84 fee(111)
v A=t S7FETE =S € CuEsl £EH
ZFeo] Zrlshe Aow AdHTh fee(111) I
a2 HE AAE AARY A7 H 34nmES o 1. D. H. Lee, Polymer (Korea), 11 (1987) 206.
Eon, o2 2AESLE, pH, cu? EE)e] H 2. D.-Y. Park, K. S. Park, J. M. Ko, D.-H. Cho, S.
_SH )E}EHZ:;]_Q.E 2(_]',% g;g% ﬁ7]§‘ L]—E]—‘;}iP_U%(E H. Lim, W. Y. Kim, B. Y. YOO, N. V. Myung, J.
). ARG TAF EAt 9SS U & . Electrochejm. Soc., 153 (2.006) C814. '
’ 3. M. Schlesinger, M. Paunovic, Modern Electroplating,
4th ed., John Wiley & Sons, Inc., (2000) 63.
4. 7E:| % 4. V. A. Lamb, C. E. Johnson, D. R. Valentine, J.
Electrochem. Soc., 117 (1970) 291C.
Sulfate EF-&N o 2 HE] A7\ =FFAd 2ls) A 5. V. A. Lamb, C. E. Johnson, D. R. Valentine, J.
ZE Cu REA =289 U c %, F7HA Electrochem. Soc., 117 (1970) 341C.
5 Zo| Wl WE ARFL, Ao u¥d 6. V.1 A. Lhamb, S‘C. E.HJ70h(nlsgo71:;) 13811(2: Valentine, J.
- - _ _ = e = Electrochem. Soc., .
Zéz’ QEDWJHE? ;j'j—j] j}? ?Z}i HRANE 7. C. W. Tobias ed., Advances in Electrochemistry
o, et A2 Aes 4 5 sl and Electrochemical Engineering, Vol. 2, Interscience
Sulfate =HENOE A7 EF Al AFALE 0.1 Publishers a division of John Wiley & Sons, Inc.,
M Cu”" 358 7K 455 AYsta vyrA = New York, (1962) 53.
AdAE A9 100%e] AFa&S Vet =+ 8. J. W. Cuthbertson, Trans. Electrochem. Soc., 77
8o mE AN A48y REE Ukl (1940) 157.
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