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Recently, the rapid advancement of science and technology became the 

engine for great industrial and economic growth. Through this growth the peoples of 

developed countries came to enjoy a comfortable and convenient way of life. Electric 

power is the key energy source in a current and future society, which supports the life 

of ease and the world’s socioeconomic system. As symbolized by the recent rapid 

growth in the use of compact portable telephones, computers and other electronic 

devices, it is also evident that batteries, particularly secondary batteries, have become 

an essential part of our electricity-dependent day and age. Li-ion batteries are one of 

the most successes of modern electrochemistry. These batteries, which became a 

commercial reality about a decade ago, are conquering the markets with increasingly 

wider applications. Li-ion battery systems have a very limited performance at 

elevated temperatures and their cycle life is also limited, due to surface phenomena 

on both electrodes that increase their impedance upon cycling. A current trend in 

technology is towards the deployment of autonomous micro devices and micro 

sensors and batteries are likely to be either the sole power source or a component in 

a hybrid power source for these new electronics systems. Although batteries have 

relatively low specific energies and power compared to that promised by fuel cells 

and engines, respectively, batteries have significant advantages in that their chemistry 

is fairly well understood. They have no moving parts or fluids, so their miniaturization 

is straightforward. One of the recent themes to emerge from several high technology 

areas is the prospect of exploiting three-dimensional structures. Among the areas 

where 3-D structures offer promising opportunities are photonic crystals for optical 

devices and components, optical data storage, magnetic data storage, chemical and 

biochemical sensors, 3-D lithographic micro fabrication and 3-D self-assembled 

structures. Li-ion batteries are made up of one or more generating compartments 

called cells. Each cell is composed of three components: a positive electrode, negative 

electrode, and a chemical called an electrolyte in between them. The positive 

electrode is made from chemical compound named lithium cobalt oxide (LiCoO2) or 

lithium iron phosphate (LiFePO4). The negative electrode is made up of carbon 

(graphite) and the electrolyte varies from one type of battery to another. All lithium 

ion batteries more or less work in same manner. During charging the battery, lithium 

based positive electrode withdraws some of its lithium ions, which move through the 

electrolyte to reach to the negative electrode and remain there. The battery stores 

energy during this process. 
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Fig. 1   Approximate operating voltages of electrode materials (averaged  V vs. Li/Li+) 

 

Development of the cathode materials for lithium–ion battery is vital to meet 

the demands of portable devices, power tools, e-bikes, future usages of electric 

vehicles, and so on. Among three promising candidates for cathode materials 

(LiCoO2, LiNiO2 and LiMn2O4), lithium manganese oxides (LiMn2O4) are 

inexpensive cathode materials with a high energy density, environmental 

acceptability, and are more abundant in nature [1]. LiMn2O4 is a leading positive 

electrode material alternative to LiCoO2 due to its lower cost, slightly higher 

electrochemical potential vs. graphite and its improved thermal stability. 

Approximate operating voltages and capacities of cathode materials with LiCoO2 are 

shown in Fig.1. The layered transition metal oxide compounds which are composed 

of hexagonal close packed oxygen atoms network with lithium and transition metal 

ions in an alternating (111) planes, such as LiCoO2, LiNiO2, LiCoxNi1-xO2 etc. have 

been studied extensively as alternate cathode materials for low power applications. 

Among them, LiCoO2 has found large scale potential applications in the commercial 

lithium ion batteries. Although intensive investigations have been devoted in finding 

most cost effective and less toxic alternate materials like LiMnO2, LiMn2O4 etc., 

LiCoO2 is still so far the most successful, and reliable choice due to superior cycling 

stability and power density. Also it has been widely used as cathode material due to 

advantages of high specific capacity, high operating voltage, good reversibility, low 

self-discharge and long cycle life. For the cathode materials, LiCoO2 is extensively 

studied and applied. The reason for this success is that Li+ ions can be deintercalated 

from LiCoO2 down to Li0.5CoO2 with a very good reversibility and a high 

electrochemical potential, giving rise to batteries with a good cyclability and a high 

voltage. 
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The structure of layered LiCoO2 has Rhombohedral symmetry and belongs 

to the space group R3m, and is ideally suited to accommodate large changes in Li 

concentration. This crystal structure consists of close-packed oxygen ion layers 

separated by alternating layers of Li and Co ions. Electrochemical performance of 

LiCoO2 greatly depends on its crystallographic structure, as it exists in two different 

modifications: a high temperature phase of LiCoO2 (HT- LiCoO2) with a-NaFeO2 

structure (R3m) and a low temperature phase of LiCoO2 (LT- LiCoO2) with a spinel-

like structure (space group Fd3m). Usually, the HT- LiCoO2 phase demonstrates a 

capacity about 0.5 V higher than the LT- LiCoO2 phase in lithium batteries. HT- 

LiCoO2 has a layered-type (Rhombohedral) structure with symmetry R3m. The 

lithium and metal ions occupy alternate layers in octahedral sites between the cubic 

close-packed oxygen planes.  

The LiCoO2 based batteries present a large potential variation (E > 3.6 eV) 

as well as a relatively large and reversible charge capacity. In addition, the lithium-

ion conductivity in this layered (R3m) compound is relatively high. For all these 

reasons, the LiCoO2 compound has been attracting considerable attention. The 

classical insertion/deinsertion reactions in a Li//LiCoO2 cell normally lie in the 

voltage range 3.6-4.4 V [2, 3]. LiCoO2 crystallizes in the layered rock-salt -NaFeO2-

type structure and belongs to the R3m space group with hexagonal lattice parameters 

a = 2.815 A0 and c = 14.049 A0
 [3]. High power applications such as electric vehicles 

require that Li-ion batteries have a high specific power and energy. One route to 

increase specific power is to significantly increase the interfacial area between 

electrochemically active material and electrolyte, thereby increasing the charge and 

discharge rates.  

LiMn2O4 adopts a (3D) structure that can simply be three-dimensional 

described as a cubic close packing (ccp) of oxygen atoms with Mn occupying half of 

the octahedral and Li an eighth of the tetrahedral sites referring to the 16d and 8a sites 

([Li]tet [Mn2]Oct O4), respectively. However, this structure is complicated by 

possible cations mixing between the two types of sites. It is well documented that, 

within the spinel family, the degree of cations mixing and extent of cationic or anionic 

nonstoichiometry affecting the spinel magnetic or optical properties is strongly 

dependent on the thermal story of the sample. In the LiMn2O4 spinel structure (space-

group: Fd3m), a ccp array of oxygen ionsoccupy the 32e position, Mn ions are located 

in the 16d site and Li in the 8a site. The Mn ions have an octahedral coordination to 

the oxygens, and the MnO6 octahedra share edges in a threedimensionalhost for the 

Li guest ions. The 8a tetrahedral site is situated furthest away from the 16d site of all 

the interstitial tetrahedra (8a, 8b and 48f) and octahedra (16c). Each of the 8a-

tetrahedron faces is shared with an adjacent, vacant 16c site. This combination of 

structural features in the stoichiometric spinel compound constitutes a very stable 

structure. LiMn2O4 is ideal as a high-capacity Li-ion battery cathode material by 

virtue of its low toxicity, low cost and the high natural abundance of Mn. Unlike V2O5 

and LiV3O8, lithium can be extracted from LiMn2O4 in the form it is made, qualifying 

LiMn2O4 as a positive electrode material for Li-ion batteries. LiMn2O4 is a leading 
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positive electrode material alternative to LiCoO2 due to its lower cost, slightly higher 

electrochemical potential vs. graphite, and its improved thermal stability. High power 

applications such as electric vehicles require that Li-ion batteries have a high specific 

power and energy. One route to increase specific power is to significantly increase 

the interfacial area between electrochemically active material and electrolyte, thereby 

increasing the charge and discharge rates. This opportunity has led many groups to 

develop nano-structured and/or nanosized LiMn2O4 particles and with promising 

results. 

PLD has been widely recognized as a very promising, versatile and efficient 

method for the deposition of metal oxide thin films. PLD is a powerful and flexible 

technique for fabricating simple and complex metal oxide films, and has several 

advantages for thin film deposition: (1). Direct stoichiometry transfer from the target 

to the growing film. (2). High deposition rate and inherent simplicity for the growth 

of multilayered structures. (3). Dense, textured films can be produced more easily by 

PLD with in situ substrate heating. The surface morphology of the films has been 

performed using Atomic force microscopy. Fig. 2 shows the morphological image of 

the deposited film at substrate temperature of 600 0C in pO2 = 300 mTorr. The 

morphological changes were noticed to be predominant at higher oxygen pressures 

and the changes are associated with the grain size and their shape distribution. From 

the AFM data, it is observed that these films are also in porous in the aggregated form, 

but the average particle size is increased. The increase in the area fraction may be due 

to the increased compound aggregation by the influence of the higher oxygen 

pressure. 

 
Fig. 2   AFM image of LiCoO2 thin film deposited at substrate temperature of 600 0C 

in pO2 = 300 mTorr 
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