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For Cu-plating water-based acidic electrolytes are commonly used 

Issues:
Å Nbis an active metal: galvanic displacement reaction

Nb(s)+ Cu2+ -> Cu(s)+ Nb2+

Copper Electroplating onto Niobium

Cu-film adhesion problem

Cu-plating onto

Active Metal

Active Me

ñless activeò Me

(Ni, Sné)

Cu

Alkaline Electrolyte
(worked for steel)

Active Me

Cu

Previously explored (reported in 
November):

- commercial acidic electrolytes for steel (uChem)
- several alkaline electrolytes for steel

Ý no good Cu-adhesion on Nb

Ý modification of electrolyte composition, 
ǇƭŀǘƛƴƎ ǇŀǊŀƳŜǘŜǊǎΧ
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SEM

Modified Alkaline Electrolyte for Steel: Cu/NbFilm
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Cu/NbFilm: Liquid Nitrogen Test

Cu film passed
Å liquid nitrogen test
Å scotch-tape test
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EDX
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Cu/NbFilm: XRD
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Nb

Cu

1st layer
2nd layer

Cu/NbFilm

1st Cu-layer (alkaline electrolyte): to be used as a buffer layer

2nd layer (acidic electrolyte): Cu-film of required thickness nĀ100 ɛm

Strategy:

Studying Cu-plaiting with Acidic Electrolyte

1. CuSO4/H2SO4/H2O

2. CuSO4/H2SO4 with various additives (polyethylene glycol, 
sodium lauryl sulphate, benzotriazole)

3. CuSO4/H2SO4/Cl-/Janus Green B/(w/MPS or w/a MPS*)

4. Commercial S.AldrichCu-plating solution

*MPS: Sodium 3-mercapto-1-propanesulfonate

Electrolytes: What was Studied:

1. Quality of Cu-films obtained using Standard 
Cupric Electrolyte (deposition rate: current 
density, temperature)

2. Influence of additives onto Cu-film oxidation 
(SEM/EDX, XRD)

3. Quality of films obtained using modified Cupric 
Electrolytes (deposition rate, uniformity, CuOx)
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Testing Acidic Electrolytes(1): Cu plating onto Copper

Visible film oxidation 

Electrolyte:

CuSO4Ā5H2O
H2SO4

H2O

Plating parameters:

j=2.7 A/dm2

T=27°C
t=5 min

200 mA

~20 min 

A
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Testing Acidic Electrolytes(1): Cu plating onto Copper

Cryst. Size
Cu(111): 30.18 nm
Cu2O(111): 10.89 nm
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Sample M1, 200 mA

Cu(111), Cu(200) are the preferential orientations
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5 kV
2-5 at% O
O/Cu ratio: 0.03-0.07
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3 kV
9 at% O
O/Cu ratio: 0.13

11



Testing Acidic Electrolytes(1): Cu plating onto Copper

Samples 1-2
CuSO4Ā5H2O (0.64M)
H2SO4 (0.2 mM)
H2O

Samples 3-5
CuSO4Ā5H2O
H2SO4

H2O
and various additives:
Å polyethylene glycol
Å sodium lauryl sulphate
Å benzotriazole

40 mA         80 mA 80 mA, with additives

I, mA j, mA/cm2 deposition 
rate, um/h

at% O 
at 5kV

O/Cu
at 5kV

Cryst. Size 
Cu(111), nm

CuSO4+H2SO4
200 27.8 - 3.9 0.05 30.18

CuSO4+H2SO4
40 5.7 7.9 - - -

CuSO4+H2SO4
80 13.2 17.4 4.5 0.06 32.76

CuSO4+H2SO4+PEG 80 13.2 17.5 5.5-5.9 0.07-0.08 29.86

CuSO4+H2SO4+SLS 80 13.2 17.4 3.6 0.05 32.84

CuSO4+H2SO4

+ benzotriazole

80 14 19.2 2-4.3 0.03-0.06 23.9

PEG              SLSBenzotriazole
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80 mA

Testing Acidic Electrolytes(1): Cu plating onto Copper

40 mA

Cu-film morphology: General view (SEM)
Current density effect
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80 mA

Testing Acidic Electrolytes(1): Cu plating onto Copper

40 mA

Surface Oxides (SEM)

Higher current => larger 
Cu2O precipitates
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Testing Acidic Electrolytes(2): Cu plating onto Copper

80 mA
Surface Oxides (EDX)
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with Polyethylene glycol

20 30 40 50 60 70 80 90 100

10

100

1000

10000

In
te

n
s
it
y

'Id:

C
u

2
O

(1
1

1
)

C
u

(1
1

1
)

C
u
(2

0
0
)

C
u

(2
2

0
)

C
u
(3

1
1
)

C
u

(2
2

2
)

C
u

2
O

(2
2

0
)

w=0.5o

w=1o
w=3o
w=5o

Testing Acidic Electrolytes(1): Cu plating onto Copper

C2nH4n+2On+1 XRD: Cu2O
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Testing Acidic Electrolytes(1): Cu plating onto Copper

XRD: Cu2O

17



30 40 50 60 70 80 90 100

1

10

100

1000

10000

In
te

n
s
it
y

2Th, deg

C
u

(1
1

1
)

C
u
(2

0
0
)

C
u

(2
2

0
)

C
u
(3

1
1
)

C
u

(2
2

2
)

w=5o

w=3o

w=1o

w=0.3o

Testing Acidic Electrolytes(1): Cu plating onto Copper

with benzotriazole

side 2side 1

XRD: no Cu2O
C6H5N3 residue
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Top area of the 
electrode

19



Middle of the 
electrode
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XRD
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Testing Acidic Electrolytes(1): Cu plating onto Copper

only benzotriazole additive 
affects the Cu2O formation 
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Cu electrode surface after chemical etching

3 kV
9.6 at% O
O/Cu ratio: 0.12
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Electrolyte: 

CuSO4Ā5H2O
H2SO4

H2O
additives:
Å NaCl
Å Janus Green B
Å MPS

Sample 3Sample 1 Sample 2 

Testing Acidic Electrolytes: Cu plating onto CopperTesting Acidic Electrolytes(2): Cu plating onto Copper

I, mA j, mA/cm2 deposition 
rate, um/h

at% O 
at 5kV

O/Cu
at 5kV

Cryst. Size 
Cu(111), nm

CuSO4+H2SO4+NaCl
+Janus Green B

80 17.6 24.5 2.1-3.6 0.02-0.04 29.64

CuSO4+H2SO4+NaCl
+Janus Green B

50 13.2 13.5 2.7 0.03 33.28

CuSO4+H2SO4+NaCl
+Janus Green B+MPS

50 13.2 12.9 3.5-4 0.04-0.05 33.40
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80 mA

Testing Acidic Electrolytes(2): Cu plating onto Copper

x 20

50 mA
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80 mA

Testing Acidic Electrolytes(2): Cu plating onto Copper

Morphology of the Cu-films (SEM) 
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