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1 Introduction 

Compared to bulk counterparts, nanomaterials possess: 

 ü novel magnetic / optical / electronic properties 

 ü improved device performance  

 ü new applications in many different fields 

 

Coarse-grained Nanocrystalline 

< 100 nm 

Nanostructures 

Nanocrystalline metals and alloys 
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http://futurrex.com/en J. Hartbaum,  et al. Micro. Eng.  98 (2012) 582 
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SPUTTERING 

(CVD, PVD) 

MBE 
EVAPORATION 

ELECTROCHEMICAL 

TECHNIQUES 

DEPOSITION TECHNIQUES 

ÁHigh vacuum 

ÁThickness limitations 

ÁTime consuming 

1 Introduction 
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ü Cost-effective technique. 

ü Allows deposition of relatively thick films. 

ü Reasonably fast deposition rates. 

ü Does not require highly-qualified personnel. 

ü Does not require clean room facilities. 

FAST EASY 

SPUTTERING 

(CVD, PVD) 

MBE 
EVAPORATION 

ELECTROCHEMICAL 

TECHNIQUES 

DEPOSITION TECHNIQUES 

ÁHigh vacuum 

ÁThickness limitations 

ÁTime consuming 

1 Introduction 

ELECTRODEPOSITION 
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Case study (I) 

 

CuNi films 
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2 CuNi films The copper-nickel system 

Å Total miscibility over the whole composition range: Cu1-xNix alloys 

Å It can be prepared by electrodeposition from aqueous electrolytes 

Å Attractive properties:  

ü good corrosion resistance in marine environment 

ü bio-antifouling 

ü electrocatalytic 

ü good wear resistance 

ü thermal stability 

ü é 
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Substrate structure 

Si (100) body  

e-beam evaporated: 

    Ti (100 nm) adhesion layer 

    Cu (500 nm) 

 

Electrolytic bath 

Metal sulfates  

[Ni(II)]/[Cu(II)]= 11-29  

87 g/L sodium citrate 

(complexing agent) 

0.2 g/L sodium dodecylsulfate 

(0.5 g/L saccharine) 

pH = 4.5 

Parameters 

T = 30 ºC 

ɤ = 200 rpm 

Direct current 

Galvanostatic deposition 

Experimental details 2 CuNi films 



External 

thermostatization jacket 

Working electrode 

SiO2/Si/Ti/Cu 

Reference electrode 

Ag|AgCl 

Counter electrode 

Pt spiral 

Argon supply 

2 CuNi films 

Experimental details 
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Galvanostatic curves 

[Ni(II)]/[Cu(II)] = 29 

saccharine-containing bath 

Cu deposition is mass-transfer controlled 

Ni deposition is charge-transfer controlled 

Tunable composition with current density 

2 CuNi films 



12 

Saccharine-free bath: 

roughly nodular grains 

Saccharine-containing bath: 

almost featureless deposits 

1 mm 1 mm 

Cu0.57Ni0.43 Cu0.55Ni0.45 

Fine-grained versus nanocrystalline 

j = -10 mA cm-2 

2 CuNi films 
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E. Pellicer, et al. Adv. Funct. Mater. 20 (2010) 983 

A. Varea, et al. Int. J. Electrochem. Sci. 7 (2012) 1288 

Fine-grained versus nanocrystalline 

2 CuNi films 
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Cu0.57Ni0.43 Cu0.55Ni0.45 

saccharine-free bath 

fine-grained 
saccharine-containing bath 

nanocrystalline 

j = -10 mA cm-2 

2 CuNi films 
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Cu-rich  Ni-rich  

fcc 

detail of (111) and (200) reflections 

* Cu-Ni alloy 

# Cu seed-layer 

saccharine 

no saccharine  

saccharine 

no saccharine  

Fine-grained versus nanocrystalline 

2 CuNi films 



Rietveld refinement of XRD patterns 

 

Saccharine Composition 

Lattice cell 

parameter a 

(±  10-3 Å) 

Crystallite size 

<D> 

(±  3 nm) 

Microstrain 

<e2>1/2 

(± 10-5) 

Stacking fault 

probability aSF 

(±  5x10-4) 

U Cu0.57Ni0.43 

3.561 

     >200 3·10-3 0.001 

V Cu0.55Ni0.45 26 2·10-4 0.007 

U Cu0.14Ni0.86 

3.532 

    >200 8·10-4 0.004 

V Cu0.13Ni0.87 29 2·10-4 0.007 
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2 CuNi films 
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diffuse rings 

HRTEM 

nanocrystalline films 

twin boundary 

nanotwin 

2 CuNi films 


