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Introduction
One of the cardinal criteria for high terrestrial efficient solar cell is its ability to maximize the level of light absorption within the spectrum of the solar region reaching the

earth. Through intelligent choice of materials and methods, researchers seek to replace the standard, and expensive, silicon-based solar cells, with more economical options.

Nanostructured Copper Indium Gallium Diselenide (Cu In1-xGax Se2 :CIGS), a major constituent p-type semiconductor layer within thin film solar cells, is deemed a desirable

material primarily due to its high absorption coefficient (>105 cm-1), direct band gap (the conservation of momentum is maintained between electrons and holes) and stability against

photo-degeneration (the resistance of deterioration of the materials due to constant exposure of light). Efficiencies of this absorber layer in thin film solar cells have been reported at a

high of 20.1 %, and depends on several properties of the obtained film. However, the attainment of such laboratory efficiencies (20.1%) has been achieved via sophisticated and

expensive vacuum technology. In addition, from a scale up point of view (manufacturing), challenges include film non-uniformity, low material utilization which leads to high costs.

As an alternative, the use of electro-deposition (ED) technology is potentially a suitable preparation method to obtain low cost, good quality, large area CIGS thin film based

solar cells. ED is the process of producing a coating on a conductive surface (an electrode) by the action of electrical current. In principle, the ED of four different elements

simultaneous (Cu, In, Ga and Se) is very challenging due to the wide range of reduction potentials (voltage) of each element. As a remedy, the implementation of complexing agents

(an additive to modify the state of each metal in the solution) may be used to reduce the difference between the deposition potentials of participating elements.

In this present work, a one step electro-deposition (ED) methodology was demonstrated to deposit CIGS in the presence of a chloride bath: Copper Chloride (CuCl), Indium

Chloride (InCl3), Gallium Chloride (GaCl3) and Selenous Acid (H2SeO3). The bath was coupled with a complexing agent (thiocyanate) followed by annealing in argon atmosphere at

300 C. The influences of annealing (post thermal treatment) as well as the concentration on film properties were investigated. The films show recrystallization of the nanocrystalline

platelet-type grains after annealing, and these results have direct impact on the performance of CIGS-based solar cells as well its cost.
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Aim
 The objective involved the fabrication of a high quality nanostructured (CIGS) thin film 

(absorber layer) in atmospheric conditions and study the fundamental characteristic effects of 

post thermal treatment (annealing).

 The technique of approach involved potentially reducing (electroplating) CIGS from an

aqueous solution containing a complexing agent onto a conductive (working) electrode

(molybdenum) followed by an annealing process in the presence of Argon gas.

 To ensure the quality of the thin films, the following were investigated:

Structural Properties

Compositional Analysis

Surface Morphology

Optical Properties

Electrical Transport

Method of Growth

Structural Properties

The XRD spectra and tabulated results reveal the following:

 Excellent crystalline quality.

 Prominent peaks are in line with chalcopyrite phase at plane (112) indicating CIGS.

 Decrease in the FWHM as temperature increased resulted in grain growth.

Compositional Analysis

The EDS spectra divulged the following:

A strong presence of Selenium before and after heat treatment. 

A reduction of Selenium after annealing may be attributed to the formation

with  Cu or Mo (the seed layer).

The elemental composition of In and Ga are less as compares to Cu and Se.

Surface Morphological Studies

The FESEM Images illustrated the following :

Coalescence and dense formation of grain structure after and before annealing. 

 The presence of overgrowth at random sites of the surface. 

 The presence of internal stresses in the films seem to alleviate after annealing. 

 Surface roughness increase from 38 nm to 49 nm after annealing.

Optical Properties

X-ray Diffraction spectra (XRD) of  unannealed 

and annealed CIGS thin films.

FESEM micrographs of ED of CIGS films. (a) Unannealed and (b) 

annealed : showing the presence of over growth clusters of CIGS 

thin film phase. 

Field Emission Scanning Electron Microscopy (FESEM) 

micrographs of  ED of CIGS thin film. (a) unannealed and 

(b) annealed:  showing grain formation. 

FESEM micrographs of electro- deposited (a) unannealed and 

(b) annealed CIGS showing micro-cracks.  

The optical absorption spectra (and the (αhν)2 Vs hν plot) disclosesd the following: 

 A decrease in the optical band gap from 1.5eV to 1.57eV after annealing.

 The variation in composition affects optical absorption of the film.

 This is corroborated with the EDS spectra.

Electrical Transport 

Electrical resistivity measurements were  carried out as a function of temperature in the range of 15K<T< 320K via a 4 point probe 

technique.  This procedure was used to identify the scattering process affecting the transport of charge carriers (electrons and holes).

The figures in (a) and (b) illustrate the temperature dependence of the electrical resistivity and conductivity of CIGS unannealed and 

annealed thin films respectively.

The resistivity and conduction curves, infer the following:

 Large resistivity at low temperature due to capture of holes.

The nature of conductivity undergoes a transition as temperature increases.

Conclusion

Good quality nanostructured (CIGS) thin film was prepared by one-step (ED) process. 

 The X-ray Diffraction spectra indicated that the CIGS thin films were of a chalcopyrite 

structure/ phase.

 The composition of the thin films varied due to the annealing conditions while the optical 

properties were modified upon post thermal treatment of the films.

 The electrical measurements illustrated that the dominating factor for conductivity varied based 

on the temperature range.

Growth Parameters:

 Working Electrode (Molybdenum (Mo)/ Soda Lime Glass (SLG)

 R.F. Magnetron Sputtering

 Power: 150 watts

 Pressure: 8mT

 Substrate Temperature: 100 °C

 Reference Electrode: Ag/ AgCl

 Counter Electrode: Platinum Wire 

 Electro-deposition of CIGS/Mo/ SLG

 CHI 6660 Electrochemical workstation 

 Electrolytic Solution 

CuCl:      2.25 mM

InCl3:      7.19 mM

GaCl3:     20.7 mM

H2SeO3:  20.7 mM

KSCN:    1.93 M 

 Film (CIGS) thickness: ~ 300nm

 Post heat treatment

Flow rate: 10 sccm

Gas : Argon

Schematic of an Electro-deposition 

(ED) cell for the deposition of CIGS. 

Energy Dispersive Spectra (EDS) reveals the elemental 

analysis of  the Unannealed and annealed CIGS/thin films.  

Soda Lime Glass (SLG)

Molybdenum (Mo)

Schematic of the fabrication 

of a Working Electrode.

Soda Lime Glass (SLG)

Molybdenum (Mo)

Schematic of the fabrication 

of  CIGS on to the Working 

Electrode.

CIGS

Research Results

The lattice parameters (a,c) , crystallite sizes (t) and the dislocation density results were calculated from the X-ray diffraction 

patterns (XRD).  These values reveal the changes in the unit cell a,c), grain growth (t) and strain (ρd) before and after annealing  

of CIGS films

Research Results Cont.

The figure in (a) obtained from the Ultraviolet -Visible Spectroscopy (uV-Vis) shows the absorption spectra (see inset).  The 

central plot (αhν)2 Vs hν displays the relationship between the absorption coefficient and the photon energy (eV) of CIGS thin 

films. (b) CIGS under an optical Microscope.
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Future Work
 Elevate the annealing temperature incrementally up to 500˚C and investigate how:

 Surface roughness (morphology), constituent phases , grain size influence device performance.


