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FABRICATION AND CHARACTERIZATION IN ORGANIC 
SEMICONDUCTING THIN FILMS OF ClAlClPc, F16CuPc               

AND Cl16FePc 
      
 
 

                                                  SYNOPSIS 

Modern day technology requires several types of thin films for a variety of 

application. Rapid development has occurred in thin film technology because of 

the development in micro electronics, integrated circuits, nanotechnology, solar 

panels, space technology and military technology etc. Thin films are two –

dimensional micro materials and are of the order of wave length of visible light. 

The science and technology of thin solid films have tremendous advance during 

the last few decades, because of the demand for reliable optical, magnetic, 

electronic and super conducting thin film devices. Thin film science now covers a 

wide span of disciplines such as solid state physics, surface science, 

crystallography, crystal growth process, optics, electronics, material sciences etc.  

The scientific and technological impact of thin film in the modern world is so 

great that without this the whole communication network will stand still. 

          Organic semiconductors are expected to have widespread applications both 

in industry and research in the coming years. Highly ordered organic thin films 

have recently attracted great attention from the view points of both pure and 

applied science.  In recent years there has been growing interest in the field of 

organic semiconducting films due to their successful application in optical and 

electronic devices, such as light emitting diodes and field effect transistors. The 

research and development in organic electronic materials have established that 

organic semiconductors can replace or supplement inorganic semiconductor 

materials, such as silicon, germanium and compound semi conductors in the field 

of electronic industry in the coming decade. 
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            The family of phthalocyanine (Pc) represents one of the most promising 

candidates for ordered organic thin films, as these systems possess advantageous  

such as chemical and thermal stability and excellent film growth, which result in 

optimized properties. Furthermore, they can be regarded as model systems for the 

entire class of low molecular weight, flat, organic molecule. They are 

characterized by their high symmetry, planarity, and electron delocalization and 

are used as an active layer for electronic devices. These materials have been 

intensively studied during the past few decades. These compounds have been 

successfully used in organic photoreceptors, sensors, light emitting diodes, display 

devices in mobile phones and television screens,  photosensitizers in laser printers, 

active layer in Schottky diodes and in organic thin film transistors.   

 In contrast with many other organic compounds, the preparation of 

metallophthalocynine (MPc) thin films by vacuum thermal evaporation is feasible. 

The versatility, architectural flexibility and low cost of preparation make them 

appropriate candidates for the fabrication of thin – film electronic molecular 

devices. Phthalocyanines contain conjugated bonding i.e, alternately double and 

single bonds. The electrons associated with these bonds are not localized on a 

particular atom, but are associated with the entire molecule. These electrons in the 

p- state, called π – electrons are believed to be responsible for the conduction in 

organic semiconductors. Conduction would either involve excitons, hopping and 

tunneling or band to band transitions. The optical absorption in phthalocyanines 

occurs within the molecule rather than within the crystal. 

 For the fundamental understanding as well as for the device fabrication, the 

study of characteristics of the materials is important. This can be carried out in 

different ways, viz. electrical, optical and structural studies. Knowledge of the 

structure, morphology, electrical and optical properties of thin films are crucial for 

their technological applications. It is observed that the electrical, optical, structural 

and surface morphological properties of metallophthalocyanine thin films are 
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dependent on various parameters such as deposition rate, substrate temperature and 

post-deposition annealing.  

 This thesis deals with the electrical, optical, structural and surface 

morphological studies of vacuum deposited thin films of Chloro Aluminium Chloro 

phthalocyanine (ClAlClPc), Copper hexadecafluoro phthalocyanine (F16CuPc) and 

Iron hexadecachloro phthalocyanine (Cl16FePc) thin films. Thin films of ClAlClPc, 

F16CuPc and Cl16FePc are exposed to gamma rays and their optical and surface 

morphological properties are investigated. The purity of these materials is analyzed 

using EDAX.   

Chapter 1- The state-of-art knowledge on the on the electrical, optical, 

structural and morphological properties of phthalocyanines has been reviewed in 

the opening chapter. 

Chapter2- gives description of the instruments and experimental techniques 

used in the present study. Methods of film preparation including the thermal 

evaporation technique are also given in this chapter.  Techniques used for the 

measurement of film thickness are also given.  Brief descriptions of the vacuum 

coating unit, different pumps and gauges, UV-VIS-NIR spectrophotometer, 

Keithley electrometer, Gamma ray irradiation chamber, X-ray diffractometer, 

Energy dispersive X-ray analysis, Photoluminescence Spectroflurometer, 

Scanning electron microscope and Atomic force microscope which are used in the 

present study are given  in this chapter. 

Chapter 3 - deals with the electrical conductivity studies on ClAlClPc, 

F16CuPc and Cl16FePc thin films.  The electrical investigations include the 

determination of the thermal activation energy from the electrical conductivity 

measurements and its variation with post–deposition annealing, both in air and 

vacuum. Films of various thicknesses are also investigated. The electrical 

conductivity is found to be trap controlled by trap levels present in the forbidden 

region between the valance band and conduction band in all the three 
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phthalocyanines. An extrinsic-intrinsic cross-over of the activation energy is 

identified in all the three materials. On annealing some of the defects and 

imperfections such as vacancies, interstitials, impurities, grain boundaries and 

dislocations will diffuse out and the crystallites or grains tend to assume a 

minimum potential energy configurations. Thus on heat treatment the film tends to 

be more stable. 

   Chapter 4- deals with the optical studies on ClAlClPc, F16CuPc and Cl16FePc 

thin films.  The optical band gaps and trap energy levels are determined and their 

variation with post- deposition annealing are also included in this chapter. The 

optical studies consist of the analysis of the absorption and reflection spectra and 

the determination of fundamental and excitonic energy gaps. The UV-VIS-NIR 

spectra of ClAlClPc, F16CuPc and Cl16FePc thin films show intense absorption 

bands. From the photon energy dependence of the absorption coefficient in the 

fundamental absorption region the electronic transitions are identified to be direct 

band to band type. The charge transport is assumed to be facilitated by π  to π* 

overlap. The impurity states also affect the optical absorption. Determination of 

Optical parameters and variation of refractive index and dielectric constants with 

photon energy are also given in this chapter.  Refractive index n, extinction 

coefficient k, and real and imaginary parts of optical dielectric constants ε1 and ε2 

are plotted against the photon energy. Photoluminescence studies of the ClAlClPc, 

F16CuPc and Cl16FePc thin films are also described in this chapter.  

   Chapter 5- gives structural studies on ClAlClPc, F16CuPc and Cl16FePc thin 

films. X-ray diffraction studies give information about the crystallinity and grain size. 

The effect of the post-deposition annealing on the microcrystalline grain size are 

also investigated. The SEM images of these films add support to this argument.  

Most of the films are found to be polycrystalline in nature. Scanning Electron 

Micrographs are taken for the surface morphological studies. The behaviour of the 

film surface under post-deposition annealing is presented in this chapter. Atomic 
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force microscope is also used to investigate the morphological study. Scanning 

Electron Micrographs and atomic force micrographs annealed are analyzed to get 

valuable information about the film morphology of these materials which are very 

good tools for the fabrication of microelectronic devices. The XRD studies and the 

conductivity studies are in good agreement with this result.   

Chapter 6 – deals with the effect of gamma irradiation on optical and 

morphological studies of ClAlClPc, F16CuPc and Cl16FePc. Determination of the 

optical band gaps of gamma irradiated samples are given. The optical absorption 

in the B-band region and Q-band region shows some variation in the absorbance. 

Morphological properties of unirradiated and irradiated of the three thin films are 

investigated. The results show that ClAlClPc, F16CuPc and Cl16FePc thin films are 

good candidates for making γ-ray dosimeters.  

  Chapter 7- The implication of these investigations and the conclusions 

derived from them are summarized here. The scope of future work is also 

indicated. In ClAlClPc, the majority charge carriers are holes and in F16CuPc and 

Cl16FePc the majority charge carriers are electrons hence they are identified as p- 

type and n- type respectively. ClAlClPc thin film is a potential candidate for the 

fabrication of organic thin film transistors due to their increased charge mobility 

with improved crystalline structure. The conjugated π- electron macro cyclic 

F16CuPc and Cl16FePc is particularly interesting because it is n-conducting with 

high electron mobility and relatively stable. This suggests that F16CuPc and 

Cl16FePc can become practically useful to develop organic bipolar devices such as 

transistors or electroluminescent diodes. Irradiation with gamma rays on thin films 

show the usefulness of thin films in studying variety of optical phenomena. There 

is a scope for extension of this work to fabricate LEDs with this material. In the 

very near future, without any doubt, we can say the electronic devices with 

metallophthalocyanine thin films can replace the conventional inorganic 

semiconductor devices. The application of nanotechnology on these materials for 
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the fabrication of devices may also be explored.  Hence large scale integration and 

device fabrication using phthalocyanines can make drastic changes in the future 

electronic industry. 

Most of the work presented in this thesis have either been published in 

international/national journals, are presented in conferences or are in the process 

of publication. A list of publications is given below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




