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Abstract A thin Cu seed layer for electroplating has been employed for decades in the miniaturization and integration of
printed circuit board (PCB), however many problems are still caused by the thin Cu seed layer, e.g., open circuit faults in PCB,
dimple defects, low conductivity, and etc. Here, we studied the effect of heat treatment of the thin Cu seed layer on the
deposition rate of electroplated Cu. We investigated the heat-treatment effect on the crystallite size, morphology, electrical
properties, and electrodeposition thickness by X-ray diffraction (XRD), atomic force microscope (AFM), four point probe (FPP),
and scanning electron microscope (SEM) measurements, respectively. The results showed that post heat treatment of the thin
Cu seed layer could improve surface roughness as well as electrical conductivity. Moreover, the deposition rate of electroplated
Cu was improved about 148% by heat treatment of the Cu seed layer, indicating that the enhanced electrical conductivity and
surface roughness accelerated the formation of Cu nuclei during electroplating. We also confirmed that the electrodeposition
rate in the via filling process was also accelerated by heat-treating the Cu seed layer.

Key words Cu seed layer, electrodeposition, electroless plating, electroplating.

1. E (pitch)y= @A 21 pm ol FFo|= 12 um ©|3H7}
2 A Foll Atk? FA 7 S e o] HI 9

HZ ARG A 3T, A¥slolt 7= 2~ e 3 Fol S AZ(side etching)e] A3} o]

lEE 9 28 PCY e AAN|EL FAE ool Folx{ok shH)Y) 2)zhe]l A H ) TMWL seed
A3 FAE 7R s Al TSI ol FARAA layer 9 S FA TR FAE of gt}
AE FAILE ol W} 7Y 71es |dE Ans] & AR, B sEae FA UF %&2‘34 via hole
Fstet A AL FAl o] Folx| i 1\}]\]:]'-1) Sk [z wpe 291 FATE U QAU Eao] HA] ok A
71719 mjAgES s A3z 71H A yHE, o 71Fo= 4ol HA| &= open EHE o7 5 9l
Z3P7t HHA SZAZe] vlAske} stacked via, YWIT]  TF EESE seed layer®] H7|HEE AR A% via hole
= 713 5 A& 71Euhdto] W& Fo|t}h o] Fo|  filling =70 HA % HE(dimple) 2HS o1
A FBAZI 2] 7HAe] §& ek ¥ Atk oy BHE Asy] siMe gl Cu

TCorresponding author
E-Mail : yhwang@pusan.ac.kr (Y.-H. Hwang, Pusan Nat'l Univ.)
E-Mail : hkkim@pusan.ac.kr (H. K. Kim, Pusan Nat'l Univ.)

© Materials Research Society of Korea, All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creative-
commons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.

186



Cu Seed Layer®] Exjz]d wl2 As|s=+

seed layer®] EAWSIE A9E H87f Uk :rlﬂ Ay
o] FAlo wE WAz, FHA], A/HEE § &=
3 wsks o] w=RollA] AFEHJAT =T E]t 7]
o] Aol AEE T 77 71HS vEoRE Aty
Ak SARE 719 Aol ulet =gE el A% A
g waro] Wslsh o2 sl =t Wah "ok u)
A AA JHAF| =R oM AFE-EE resin AE 4]

713 T8 FEw 54 ¥zt A4uE davt Sl

B =X A EF)RIA Al B resin? ] 9

of FAF FEFOZ Cu seed layersS FAslL EAg
£ Bl 2ol W g dhete] S4dwstet ol o}
& Aall F=79] 77 Fdoll diste] ARkt 18
3 ovia fill 58 S §F B H o5 g A
Btk

2. AE Y

2.1 2H& sE=

2 Aol A8E 792 AIAT(F) ACT A9
BGA(Ball Grid Array)7| %S oA Ho = 225 A AT
resin’ | &S ARE-3FTE Resin/|#-2 of|EA] Z|Hof &
gureF 8-S dsbrl S8l fEldRE 92 Zlolth F

As) s=Feo FPL A4 resin/|HS 1% H,SO, &

Table 1. Experimental process for electroless copper plating.

Solution

Step Process concentration Time Temp.
1 Cleaning 5% H,SO, 15 min R.T.
2 Rinse and dry DI water 5 min R.T.
3 Activator PdCl,;, SnCl,, HCI 10 min R.T.
4 Rinse DI water 5 min R.T.
5 Reduction 1 M HCI 3 min R.T.
6 Rinse DI water 5 min R.T.
) Hems CSLETA
8 Rinse and dry DI Wl?{f)iveel?d A 10 min R.T.

R.T. = room temperature.

Table 2. Chemical composition of pre-treatment solution.

Composition Component Concentration
Deoxidizing chemical HF 10 g/L
roughness
Sensitizing surface Nucleation ~ SnCl, - 2H,0 17.5 gL
Activated surface seed layer
for autocatalytic PdCL, 0.25 g/l
Activated surface seed layer Hel

for autocatalytic
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Table 3. Experimental conditions for electroless copper plating.

Composition Component Concentration
Copper Source CuSO;, * 5H,0 0.04M
Complexing agent it(iﬁ:nzegaar?gg};:)a 0.12M
Reducing agent Formaldehyde (HCHO) 10 mL/L
Additives 2,2 Dipyridyl 10 ppm
pH adjust NaOH Varied
Reaction control Temperature 60+1°C
Redox potential pH 12.5

*F&’B}Oﬁ 60+1°CE
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Fig. 1. The cross-sectional SEM images of Cu seed layer with different electroless plating time: (a) 5min, (b) 10 min.
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Fig. 2. SEM images of Cu seed layer with different heat-treatment temperature: (a) 25 °
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C, (b) 100°C, (c) 120 °C, (d) 150 °C, (e) 180 °C,

(f) 200 °C. Scale bar=1 um.
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Fig. 3. (a) The XRD spectra and (b) the crystallite size of Cu seed layer with different heat treatment (25 °C, 100 °C, 120 °C, 150 °C,
180 °C and 200 °C).
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Fig. 4. Three-dimensional AFM images of Cu seed layer with different heat-treatment temperature (25 °C, 100 °C, 120 °C, 150 °C, 180 °C

and 200 °C).
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Fig. 5. RMS roughness on Cu seed layer with different heat-
treatment temperature (25 °C, 100 °C, 120 °C, 150 °C, 180 °C and
200 °C).
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Fig. 6. Sheet resistance on Cu seed layer with different heat-
treatment temperature (25 °C, 100 °C, 120 °C, 150 °C, 180 °C and
200 °C).
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Fig. 7. The cross-sectional SEM images of electroplated Cu with different heat treatment temperatures of Cu seed layer : (a) 25 °C, (b) 100 °C,
(c) 120°C, (d) 150 °C, (e) 180 °C, (f) 200 °C. Their thicknesses are 9.31 um, 9.61 pum, 10.63 pm, 10.86 pm, 12.49 um and 13.94 um,

respectively.
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Fig. 8. The cross-sectional optical microscope images of Cu via hole with different heat treatment temperatures of Cu seed layer: (a) 25 °C,
(b) 100 °C, (c) 120°C, (d) 150 °C, (e) 180 °C, (f) 200 °C.
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