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Study on Characteristics of Electrodeposited Thin Copper Film by Inorganic
Additives in Pyrophosphate Copper Plating Bath

Seokbon Koo, Jinyoung Hur, Hongkee Lee’

Surface Technology R & BD Group, Korea Institute of Industrial Technology, Incheon, Korea

(Received October 8, 2013 ;

revised January 21, 2014 ;

accepted February 3, 2014)

Abstract

The copper deposit on steel plate was prepared by pyrophosphate copper plating solution made with variation
of inorganic additive. NH,OH and NH,NO; were used as inorganic additives. The copper layer characteristics
- tensile strength, crystallite size and crystal orientation - were evaluated by X-ray diffraction and Universal
Test Machine. The presence of ammonium nitrate results in reduction of average roughness value from 0.08 pm
to 0.03 um. In pyrophosphate copper plating solution without Inorganic additive, tensile strength of elec-
trodeposit copper foil was reduced from 600 MPa to 180 MPa after 7 days aging. However, when adding
ammonium nitrate, there was almost no change of tensile strength, intensity of crystal orientation - (111),

(200) and (220) - and crystallite size (2~30 nm).

Keywords : Pyrophosphate copper plating, Tensile strength, Crystal plane orientfation, Ammonium nitrate,

electrodeposition copper foil, Inorganic additives
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Table 1. Chemical composition & condition of pyro-
phosphate copper plating

(unit: g/l)
Cu,P,0; - 4H,0 K,P,0, Inorganic Additive
90 330 3~10

P ratio (P,O5/Cu) : 7, pH : 8.5, Temperature : 50°C, Current
Density : 12.5 A/dm* Air bubbling.
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Fig. 1. Surface morphology of copper layer: (a) No
additive, (b) Additive : NH,OH, (c) Additive :
NH4NO.
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Fig. 5. XRD patterns of electrodeposited Cu film with
NH4NO;: (a) As deposited, (b) After 7 days.
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Fig. 6. The (111)/(200) relative intensity ratio of Cu
deposited layer versus different additives.

100
Il As-deposited
Il After 7days

d

(220)

80 |
60 |
40-

0- n

(111)

Crystallite Size (nm)

(200) l
Crystal Orientation

Fig. 7. Variation of Crystallite size in electrodeposited

Cu film without additive according to aging.
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Fig. 8. Variation of Crystallite size in electrodeposited
Cu film with NH,OH according to aging.

Fo Wl Zrlste] 7935 oF
o S (2200 271= H7MA

8~90 nm= Z7}35}4

S= 4% 20 nmell



ol

}3] 47 (2014) 1-6

N
o

Il As-deposited
Il After 7days

= N N [ W
(9] o (4] o (3]

Crystallite Size (nm)

N
o

o o

(111) (200)

Crystal Orientation

(220)

Fig. 9. Variation of Crystallite size in electrodeposited
Cu film with NH,NO; according to aging.
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Fig. 10. Variation of Tensile stress in electrodeposited
Cu Film according to additives.
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