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AbstrAct
Purpose: To investigate of texture and microstructure of electrodeposited copper thin films.
Design/methodology/approach: nfluence of the electrodepositing parameters e.g. applied electric current as 
variable on texture formation of copper films was studied at presented work. Experiment was done for copper 
deposition from sulphate bath under galvanostatic and pulse current with different additives in the bath. X-ray 
examination included texture measurements phase analysis by means of Bragg-Brentano, grazing incidence 
diffraction and crystallite size using broadening of X-ray diffraction line.
Findings: Electrodeposited copper coatings exhibit different texture and microstructure depending on applied 
conditions in which they were obtained. Pulse and direct current conditions leads to different texture of 
electrodeposited copper coatings. For each type of current texture depends on deposition time and current 
intensity. Only in some cases {111} component was obtained.
Research limitations/implications: extures of the investigated samples are very sensitive for applied current conditions 
of electrodepositing. At the copper coatings obtained with reverse current texture components {110} is dominating one. 
Relations between texture and properties (hardness, Young module and grain size) of copper layer were found.
Originality/value: The texture of electrodeposited copper should be influential structural characteristic when 
anisotropy is considered. It is already known that electromigration depends on texture of copper films.
Keywords: Copper films; Texture; Electrodepositing
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1. Introduction 
 
Electrodepositing is one of the employed methods to obtain 

metallic films of adequate physical, mechanical properties and 
good adhesion. Electrodeposited copper is most extensively used 
in circuit boards production and often as a base for further 
formation of metallic films. Electrodeposited copper thin coatings 

are widely used in electronic and automotive industry so electrical 
and mechanical properties of copper layers are very important [1,2]. 

The texture of electrodeposited copper should be influential 
structural characteristic when anisotropy is considered. It is 
already known that electromigration depends on texture of copper 
films [4]. Texture component {111} is recognized as one, which 
increases electric conductivity at the copper electrodeposited 
layers [3]. We could also expect that mechanical and visual 
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properties of copper coatings depend on their texture as well e.g. 
in calculation of anisotropic elastic modulus and residual stresses 
[5-8,10,11,14,16]. For that reason texture of copper coatings and 
relation between texture and anisotropy of mechanical properties 
were investigated in presented work. 

 
 

2. Material and experimental description  
 

2.1. Sample preparation  
 
 The substrate of all samples was brass with previously 
deposited nickel coating, i.e. before copper deposition. The 
unipolar and bipolar (with anodic current) pulse current sequences 
were used to obtain copper coatings (Tab. 1). Layers sequences 
are presented in Figure 1. Samples were in a form of flat plate 
with size of 40x40x2.5 mm. 
 
 

 
 

Fig. 1. Layers sequences on the experimental samples 
 
 
Table 1.  
Electrodepositing parameters for experimental samples 

Parameters of pulse sequence 
Forward - cathode 
current time and 

density 

Reverse - anodic 
current time and 

density 

Deposition 
time 

Sample 
description 

tc 
[ms] ic [A/dm2] ta 

[ms] ia [A/dm2] tdep [sec] 

pulse      
S-01 25 1.5 1 2 1400 
S-02 25 2.5 1 3 1000 
S-03 25 3.5 1 4 700 
S-04 25 1.5 0 0 1400 
S-05 25 2.5 0 0 1000 
S-06 25 3.5 0 0 700 
S-07 45 1.5 2 2 1400 
S-08 45 2.5 2 3 1000 
S-09 45 3.5 2 4 700 
direct      
SD-01 - - - - 1400 
SD-02 - - - - 1000 
SD-03 - - - - 700 

 

2.2. Experimental procedure 
 

X-ray investigations were conducted by means of Siemens 
diffractometer D500, using Cu Kα radiation (λKα=0.154nm) and 
Bruker diffractometer D8 Advance, using Co Kα.radiation 
(λKα=0.179nm). X-ray examination included the texture 
measurements and the phase analysis from the centre of the 
samples [9]. The incomplete pole figures were recorded for three 
crystallographic planes {111}, {200}and {220}. Texture analysis 
was performed on the basis of the calculation of the orientation 
distribution function (ODF) [10], pole figures (PF). Also ODFmax 
and ODF texture index as quantitative value describing the 
sharpness of the texture were calculated. Value of the ODF index 
is 1.0 for randomly oriented grains and for monocrystals its value 
is infinity. The stronger is texture of the sample the higher is 
value of this index. 

In addition some simplifications of texture analyse were done 
based on measurements of intensity of the selected diffraction 
lines. Such approach can be important in technology like non-
destructive quality control. 

 
 The following texture indexes were applied to these analyses: 

 Intensity ratio - Ih1k1l1/Ih2k2l2 – relation between intensities of 
particular diffraction lines measured by standard Bragg-
Brentano (B-B) or grazing incidence diffraction [11,14] e.g. 
I111/I200, I111/I220 etc. For not textured materials value of these 
indexes can be found at ICCD standards or can be measured 
for randomly oriented powder. The more intensity ratios differ 
from standards the strongest is texture of the sample. 

 Orientation index - Mhkl – calculated on the base of Bragg-
Bertano or grazing incidence diffraction measurements using 
formula: 
Mhkl ={I(hkl) /(I(110) +I(200) +…)}/{IF(hkl) /(IF(110) +IF(200) +…)}  

 
 where: I(hkl) - measured intensity of diffraction line, IF(hkl) - 
 intensity of diffraction line received from standard pattern in 
 ICDD card 
 

Crystallite size was calculated on the base of Scherrer 
methods by the measurement of the diffraction peak physical 
broadening ( K) [12,13]. 
 
 
3. Results and discussion 
 

The recorded diffraction patterns (Fig. 2) present different 
intensities and shape of peaks. Both were used for calculations 
selected parameters (Tab. 2, Fig. 6). 

Textures of the investigated samples are very sensitive for 
applied current conditions of electrodepositing. They are presented 
in the form of calculated pole figures and ODF (Fig. 3-5) [2-4,10]. 
The copper coatings obtained with reverse current (samples S01-
S03) had texture components {110} which was dominating one. 
This component was strongest for longest deposition time (tdep). If 
the reverse current is not applied (samples S04-S06) three texture 
components are created namely: (110), (111) and (100). These 
components with the increase of deposition time become stronger. 
Sample preparation in reverse mode with different relation 
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between deposition time for forward and reverse current (samples 
S07-S09) leads to texture with three components in the copper 
coatings. They are strengthened with total deposition time. For the 
direct current technique (samples SD01-SD03) very weak textures 
are created at electrodeposited copper layers and they do not 
depend on deposition time. The axial symmetry of texture was 
found in majority samples (Fig. 3-5). 
 

 
 
 
Fig. 2. Diffraction patterns of S-01 and SD-01 sample obtained 
with D8-Advance diffractometer using CoK  wavelength, GID 
geometry with incidence angle  = 1,3, 5 and 9 deg and BB 
geometry 
 

Textures of the samples in term of its strength are presented 
by Mhkl texture index and ODF index. Texture indexes, crystallite 
size and mechanical properties of experimental samples are given 
in Tables 2, 3 and on Figure 6. 

In the Figure 7 anisotropy of Young modulus and Poisson 
ratio (ν) versus orientation factor 3Γ calculated from single crystal 
data sij for Cu according to iso-stress Reuss model is shown.  
 
 

Table 2.  
Texture indexes and crystallite size for thin electrodeposited 
copper coatings 

Texture index 
Sample 

M220 (ODF) 
ODF 
max 

Crystallite 
size [nm] 

not textured 
standard 

1.0 1.0 - - 

S-01 4.1 2.07 4.9 36 

S-02 2.7 1.38 3.0 58 

S-03 1.0 1.07 1.4 127 

S-04 0.6 1.36 3.1 133 

S-05 0.9 1.58 3.0 134 

S-06 0.7 1.04 1.3 129 

S-07 0.7 1.05 1.4 122 

S-08 0.8 1.39 2.9 124 

S-09 0.9 1.36 2.3 143 
SD-01 0.8 1.04 1.5 99 
SD-02 0.7 1.06 1.4 111 
SD-03 0.7 1.06 1.4 135 

 
 
 

 
 
 
Fig. 3. Measured and calculated pole figures and ODF for S-01 
sample. Ideal orientations fitted to pole figures and ODF 
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Fig. 4. Measured and calculated pole figures and ODF for S-06 
sample. Ideal orientations fitted to pole figures and ODF 

 
 
 

 
 
 
Fig. 5. Measured and calculated pole figures and ODF for SD-01 
sample. Ideal orientations fitted to pole figures and ODF 
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Fig. 6. Calculated average crystallite size (D) by Scherrer method 
for particular samples series  
 
Table. 3.  
Hardness and Young modulus 

Sample HV HIT [GPa] E [GPa] ETEX [GPa]
S-01 262 2,77 109,4 98 
S-02 268 2,83 116,5 78 
S-03 269 2,84 110,4 44 
S-04 151 1,60 81,5 38 
S-05 140 1,49 80,2 43 
S-06 156 1,65 90,0 41 
S-07 263 2,79 96,4 40 
S-08 148 1,56 84,9 50 
S-09 139 1,47 78,5 41 

SD-01 168 1,77 93,0 54 
SD-02 176 1,86 96,4 51 
SD-03 163 1,73 91,7 55 
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Fig. 7. Anisotropy of Young modulus and Poisson ratio (ν) versus 
orientation factor 3Γ calculated from single crystal data sij for Cu 
according to iso-stress Reuss model 
 
 

4. Conclusions 
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and microstructure depending on applied conditions in which 
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Fig. 4. Measured and calculated pole figures and ODF for S-06 
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Fig. 7. Anisotropy of Young modulus and Poisson ratio (ν) versus 
orientation factor 3Γ calculated from single crystal data sij for Cu 
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4. Conclusions 
 

 Electrodeposited copper coatings exhibits different texture 
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they were obtained. Pulse and direct current conditions leads 
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each type of current texture depends on deposition time (tdep) 
and current intensity (iav). Only in some cases (111) 
component was obtained. This component is recognized in 
literature as this one, which gives the best conductivity of the 
copper layers.  

 Mechanical properties of the copper layers are sensitive to the 
texture changes. Relations between properties (hardness, 
Young module and grain size) and texture of copper layer 
were found. These indicate that mechanical properties depend 
on structure and texture of the layers.  

 Using quantitative texture analysis and elastic compliance for 
single crystal the anisotropy behaviour of elastic constancies 
can be calculated.  

 Simplified texture indexes (intensity ratios and Mhkl index) 
obtained on the base of B-B measurements are not complex 
but suitable indication of the texture of electrodeposited 
copper coatings. Since these parameters could be used for the 
on line coatings structure and properties non-destructive 
control directly in production (e.g. industrial application for 
copper layers quality control).  
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