Running head: ATOMIC LAYER DEPOSITION    	1
INDUSTRIAL ADVANCEMENT                                                                                                 4




Developments in Atomic Layer Deposition Thermoelectric
Name:
Professor:
Course Title:
Institution:
Date:

Industrial advancement and resource utilization at minimum costs are key global issues that have captured the attention of different stakeholders including scientists and technology gurus. They are all working towards a green economy one where everything including waste heat are put into use. Innovations on thermoelectricity, the technology of green renewable energy have taken multiple developments and is a milestone in environmental conservation. This work analyzes various developments in atomic layer disposition (ALD) thermoelectricity, a chemical gas phase ultra-thin film deposition technique. This will cover some of the approaches that have been taken to improve the technology, factors that affect ALD, and help improve the numerous ways of optimizing the technology which not only reduces costs but also energy waste resolving adverse environmental issues emanating from energy waste.
There are numerous advantages of ALD thermoelectric technology hence the continued efforts to advance it. These include the production of high-quality films whose thickness can be regulated. Not only do the films show excellent repeatability but also have high density, are ultra-thin and amorphous too. Additionally, the technology has proven to provide high conformality achieved through large area thickness uniformity and surface coating that is both flat and smooth. It has shown potential in atomic-level control, challenged various substrates through low temperature and stress, excellent adhesion and ability to coat Teflon.  Moreover, the process is conducted under low temperature, is self- assembled, and has stoichiometric control. However, it has some drawbacks which include the cost-effectiveness as a result of the disposition rate, the emission of nano-particles, and its intensive nature (Leskela, 2003). 
 There have been many advances to advance ALD thermoelectric technology. The advances have taken two approaches: numerical and experimental. Through the experimental approach within the concept of ALD, researches have been able to advance deposition using thermoelectric properties without tempering with the crystalline structure of the precursors. Specifically, thin-cut films generated from zinc oxide, which is a thermoelectric material was used together with either aluminum or phosphorus (Pinna, 2012) specifically, the adjustments made were on pressure, purge time, concentration, and temperature. This milestone is specifically useful in the fabrication of varied forms of nanostructures and thermoelectric advancement.
 Under the numerical approach, interest has been placed on devising a solution to the drawbacks on the prediction capability of ALD over the substrates. In the past, the ALD process entails sequential reactions that are related to feature and reactor scale one that entails multi-scale examination (Adomaitis, 2010). The process comprises of the construction of atomic bonds, the adsorption of species, kinetic transformations in different chemicals as well as film deposition. Moreover, there is an important inclusion of interaction between materials as well as chemical selections, effects inclined on geometry, fluid, and energy transport on a macroscopic level. Success has been obtained through the use of mesoscopic scale one that enables simulation whilst holding steady the continuum laws. Additionally, the scale utilizes density features of the films to obtain its net fluxes.  Further, it has capabilities to not only match but also separate various scale processes based on the reactor grid placement of an element. Further developments have utilized the Gauss-Jordan factorization to decouple various modes of thin-film deposition which takes advantage of the cyclic dynamic behavior of ALD and the complexity in establishing various precursor processes on amorphous films. 
 Owing to the numerous initiatives taken to explore ALD deposition thermoelectricity, various developments have been achieved and credits through various applications of the technology. First, ALD has been proven to have various advantages in thermoelectricity. The adoption of ALD technology in transistors has steered more research to improve a three-dimensional structure that is highly ordered and one with a high surface area. This has steered the development of large-scale integrated circuit technology. This will not only diversify the use of ALD in the semiconductor but also in the microelectronic industries. Further developments in ALD thermoelectricity is through its adoption in desalination (Li, 2013).  With the increasing world population and consequent increase in the need for water a method to purify ocean water has become a necessity. Through advanced research, it has been contended that it is possible to develop an ALD based technology that utilizes membrane decoupling through thermal and multi-effect distillation.
 Oblivious of the milestones achieved using ALD there have been limitations on a large scale and industrial utilization of deposit protection on various substrate compositions as well as geometries. The challenges are rooted in the need to operate under high vacuum conditions which aggravate costs on materials as a result of bulk ALD depositions. Additionally, there is a mismatch in the deposition terms especially in large scale production which emanates dorm cycled reactant injections and purges. However, ALD thermoelectricity continues to offer promising solutions due to its multiple benefits in interference coloring and capabilities in transforming friction and wettability of materials.  Furthermore, further exploration of ALD is likely to come up with findings that are vital to the industrial sector such as solutions to resistance to high-temperature oxidation as well as chemical diffusion. Thermoelectric materials and the whole ALD concept is bound to improve different sectors. The numerous features and capabilities of ALD are becoming key in the current world where each resource is to be conserved.
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