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1. Title of the CRS proposal: Synthesis and thermoelectric Characterization of doped 
Bismuth Chalcogenide films prepared by DC magnetron sputtering in the temperature range 
250-400 K. 
  
2. A brief introduction/origin of the proposal (one paragraph): 
          
           Recently thermoelectric energy resources are gaining importance due to the intensified 
demand for energy supply, increasing greenhouse gas effects, and reduction in carbon 
constructed energy sources. Thermoelectricity is one of the best promising energy sectors, 
which converts waste heat to electrical energy. The In and Se/Te co-doped Bi2Te3/Se3 has not 
been investigated till now. The thermoelectric figure of merit (ZT) is the parameter that decides 
suitability of thermoelectric materials for device applications. It is observed that the 
temperature is one of the important parameters to qualify the ZT value. The ZT value of the 
basic compounds can be enhanced by doping or composition method in which Bismuth, 
Tellurium, Selenium, Indium based compounds provide better ZT at the low and near room 
temperature range 10 - 350K. Since the chalcogenides like Bi2Se3 and Bi2Te3 are bonded with 
Wander Waals force between layers, the extra layer should be introduced to stack 
Bi2Se3/Bi2Te3 superlattice.  
          The effect of germanium substitution led to increase in the carrier concentration and the 
localized electronic states in crystal, which alters electronic properties of the alloys, which 
motivates us to study co-doping effects in chalcogenides. The method of co-sputtering has 
been not extensively utilized for the investigation of thermoelectric device properties of 
In/Sn/Ge and Te/Se co-doped Bi2Te3 and Bi2Se3 at room temperature. The present 
investigation is focused on Synthesis and thermoelectric Characterization of In/Sn/Ge doped 
Bismuth Chalcogenide films prepared by DC magnetron sputtering. This is a proposal to 
analyse and investigate the effects of sputtering pressure on structural and thermoelectric 
properties such as electrical resistivity, thermal conductivity, Seebeck coefficient etc. of Indium 
and Selenium co-doped Bismuth Telluride thin films sputtering in the temperature range 250-
400 K.  
 
3. Objectives (5-6 bullets) 
 

• To prepare In/Sn/Ge and Te/Se co-doped Bi2Te3 and Bi2Se3 round shaped pellet by   
hot pressing method 

• To sputter the Bi-In-Se-Te thin films on flexible substrates or quartz/glass by DC 
magnetron sputtering systems. 

• To optimize the electrical resistivity, thermal conductivity, and thermo-electric power  

• To estimate and analyse the thermoelectric figure of merit (ZT). 

• To demonstrate thermoelectric module based proto-type refrigeration. 
 

4. Novelty of the objectives (one paragraph) 
         Due to the recent rise in energy supply demand, escalating greenhouse gas impacts, 
and decline in carbon-based energy sources, thermoelectric energy resources are becoming 
more and more significant. One of the most promising energy technologies is thermoelectricity, 
which turns waste heat into electrical energy. This is a proposal to analyses and research the 
impacts of sputtering pressure on structural and thermoelectric characteristics of indium and 
selenium co-doped bismuth telluride thin films, such as electrical resistivity, thermal 
conductivity, Seebeck coefficient, etc. Bi2Te3/Se3 that is co-doped with In and Se/Te has not 
yet been studied. 
 
 
 
 
 



5. Methodology (max 1 page) 
 

          Bi2Te3 and Bi2Se3 were created by solid state reaction. The agate mortar is used to grind 
the precursors in a stoichiometric ratio for two hours. In order to prepare thin films for DC 
magnetron sputtering without altering the stoichiometric ratio, 50 mm diameter target plates 
are created using the hot-pressing process. Deionized water is used to adequately clean the 
substrates before a 15-minute alcohol ultrasonic treatment. Pre-deposition pressure needs to 
be kept below 5x10-4Pa. By pre-sputtering for ten minutes, surface contaminations are 
prevented. Targets Bi2 through Te3 will be 50 mm apart. The chamber's pressure was less 
than 2.5x10-3 Pa. There has been a pressure range of 0.6 Pa to 1.6 The thickness of the Bi-
Te films was kept 1.3 µm.  Sputtering module was evacuated with a trapped diffusion pump 
to a base pressure of less than 8 x 10 .6 Torr (1 x 10.3 Pa). Indium targets of 2.5 cm and 0.10 
cm diameter and thickness are used. Chamber is maintained as the final pressure of 1.5 and 
2.5 atm. The sputtering pressure was examined with a capacitance at 50 mTorr,  
 
X-ray Diffraction (XRD) 

          Crystallographic properties like lattice parameters, bond angle, and the bond length will 
be analysed through X-ray diffraction (XRD). 

High-Resolution X-ray diffraction (HRXRD) 

The defects and layered structure of thin films will be analysed through HRXRD. 

Resistivity measurement 

           The temperature dependent resistivity of the thin films will be measured using the 
conventional four-probe method. 

 Thermal conductivity 

            Thermal conductivity of the thin films will be performed using physical property 
measurement system (PPMS). 

Seebeck coefficient 

             Seebeck coefficient will be performed using physical property measurement system 
(PPMS). 
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Chemical Science Transactions 3(2), 530-539, 2014. 
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4;https://doi.org/10.1063/5.0016911. 

 

23. G. S. Hegde, A. N Prabhu, R, Y. Huang, Y. K. Kuo, “Potential thermoelectric material 

of indium and tellurium co-doped bismuth selenide single crystals grown by melt 

growth technique” Journal of Alloys and Compounds, 866 (2021) 158814 (I.F 

5.316). 

 

24. Ganesh Shridhar Hegde, A. N. Prabhu, M. K. Chattopadhyay, “Improved electrical 

conductivity and power factor in Sn and Se co-doped melt-grown Bi2Te3 single 

crystal “Journal of Materials Science: Materials in Electronics” J Mater Sci: Mater 

Electron (2021) 32:24871–24888 (IF: 2.478). 

25. Ganesh Shridhar Hegde, Vinay Parol, Ashok Rao, A. N. Prabhu, Joshua J. B. 

Levinsky, Graeme R. Blake, “Thermoelectric properties of co-doped 

(Bi0.98In0.02)2Te2.7Se0.3 / reduced graphene oxide composites prepared by solid-

state reaction”  Materials Research Bulletin 145 (2022) 111517 (IF: 4.641). 

 
26. G. S. Hegde, A. N Prabhu, C.F. Yang, Y. K. Kuo, “Reduction in electrical resistivity 

of bismuth selenide single crystal via Sn and Te co-doping” Materials Chemistry 

and Physics, 278 (2022) 125675 (I.F 4.094). 

 
27. G. S. Hegde, A. N Prabhu, “A review on doped/composite bismuth chalcogenide 

compounds for thermoelectric device applications: Various synthesis techniques and 

challenges” Journal of Electronic Materials, 51, (2022) 2014–2042 (I.F 1.938). 

 
28. Kezhia Thomas, Vinay Parol, P. Karuppasamy, Muthu Senthil Pandian, P. Ramsamy, 

A. N. Prabhu, “Influence of 60Co gamma irradiation on the structural and optical 

properties of 2-aminopyridinium 4-nitrophenolate 4-nitrophenol crystals” Current 

Applied Physics, 37 (2022) 1-7 (I.F 2.48). 

https://link.springer.com/journal/10854
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29. Hegde, G. S., Prabhu, A. N., Rao, A., Gurukrishna, K. & Deepika Shanubhogue, U, 

“Investigation of near-room and high-temperature thermoelectric properties of 

(Bi0.98In0.02)2Se2.7Te0.3/Bi2Te3 composite system”, Journal of Materials 

Science: Materials in Electronics, 33 (2022) 25163-25173 (IF: 2.478). 

Papers presented at International conferences 

1. A. N. Prabhu, “Synthesis, Growth, and Characterization of a Novel Nonlinear 

Optical Organic Material for Optical Device Applications”, International Conference 

on IES 2019, held during March 13-15, 2019 at Kumamoto University, Japan. 

 

2. A. N. Prabhu, “Synthesis, Growth and Characterization of Acetophenone-4-

Quinoline-D Chalcone Single Crystal: A Potential Nonlinear Optical Material”, 

International Conference on NANOTECH ME 2017, held during December 4-6, 

2017 at Dubai. 

 

3. A. N. Prabhu, V. Upadhyaya, “Synthesis and growth of superior characteristic 

nonlinear optical organic material: 1-(5-chlorothiophen-2-yl)-3-(2, 3-dichlorophenyl) 

prop-2-en-1-one”, International Conference on Metallurgy and Materials 

engineering, held at Pattaya, Thailand, June 21-22, 2016.  

 

4. A. N. Prabhu, V. Upadhyaya, “Synthesis, growth, characterization and molecular 

hyperpolarizabilities of a novel nlo organic material”, International Conference on 

“Light Manipulating Organic Materials and Devices II, SPIE Organic Photonics + 

Electronics, SPIE Optics + Photonics 2015”, held at San Diego, California, United 

States, August 9-13, 2015.  

 

5. A. N. Prabhu, V. Upadhyaya, A. Jayarama, K B Manjunatha, G. Umesh, 

“Synthesis, growth and characterization of 1-(5-Chlorothiophen-2-yl)-3-(2,3-

dimethoxyphenyl)prop-2-en-1-one single crystal: A potential nlo material”,   

International Conference on X-ray Related Techniques in Research and Industry 

(ICXR I2012) Penang, Malaysia, July 03-05, 2012.  

 

6. A. N. Prabhu, V. Upadhyaya, A. Jayarama, M Srinivasulu, K B Manjunatha,          G. 

Umesh, “Synthesis, growth and characterization of 1-(5-Chlorothiophen-2-yl)-3-

(2,4,5-  trimethoxyphenyl)prop-2-en-1-one single crystal: A potential NLO 

material”,              International Conference on Light-“OPTICS’11,” Department of 

Physics, NIT, Calicut, Kerala, May 23-25, 2011. 

 

Papers presented at National conferences 

1. A. N. Prabhu, V.Upadhyaya, “Superior Characteristics of Novel nlo Organic 

Material,”  National conference “IFMMT 2014,”  Department of Mechanical 

Engineering, Manipal University Jaipur, India, Dec 26-27, 2014. 

2. A. N. Prabhu, V.Upadhyaya, A. Jayarama, “Synthesis and characterization of 

organic NLO material”, National conference “NCSMTEE 2013,”  Department of 
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Mechanical Engineering, Mangalore Institute of Technology & 

Engineering(MITE), Moodabidri-574225, India, March 08-09, 2013.  

 

3. A. N. Prabhu, V. Upadhyaya, A. Jayarama, “Growth, characterization and 

structural investigation of 1-(5-Bromothiophen-2-yl)-3-(4-nitrophenyl)prop-2-en-

1-one”, National Conference on Condensed Matter Physics and Applications 

“CMPA 2012”  Department of Physics, MIT, Manipal, December 27-28, 2012. 

4. A. N. Prabhu, V. Upadhyaya, A. Jayarama, “Synthesis, growth and 

characterization of 1-(5-Chlorothiophen-2-yl)-3-(2,3-dichlorophenyl)prop-2-en-1-

one single crystal: A potential NLO material”, National Conference 

“RTMS2011,” JUIT Shimla, October 8-10, 2011.  

 

5. A. N. Prabhu, V. Upadhyay, A. Jayarama, K B Manjunatha, G. Umesh, 

“Synthesis and crystal structure of 1-(5-Chlorothiophen-2-yl)-3-(2,4,5-

trimethoxyphenyl)prop-2-en-1-one”, National Conference “CAPSRAA-2011,” 

Govinda Das College, Surathkal, Sept 16-17, 2011.  

 

6. G. S. Hegde, A. N. Prabhu*, A. Rao, P. D. Babu, “Enhancement of cryogenic 

thermoelectric performance of In doped Bi2Te2.7Se0.3 compounds,” CMPA-

2019, Department of Physics, Manipal Institute of Technology, Manipal, 27-28 

September 2019. 

 

7. G. S. Hegde, A. N. Prabhu*, A. Rao, P. D. Babu, “Enhancement in 

thermoelectric figure of merit of indium and selenium co-doped bismuth 

telluride,” International conference on Advanced materials Science and 

applications-2020, M. S. Ramaiah Institute of Technology, Bengaluru,3-4 

September 2020. – Best Paper Award 

 

8. G. S. Hegde, A. N. Prabhu*, Y. H. Gao, Y. K. Kuo*, V. Raghavendra Reddy, 

“Growth and characterization of indium and tellurium co-doped bismuth selenide 

single - crystals for thermoelectric applications,” CMPA-2020, Department of 

applied Physics, Manipal Institute of Technology, Manipal, 26 September 2020. 

 

 

Faculty Achievements: 

1. Dr Ashwatha Narayana Prabhu, Manipal Institute of Technology received 

“Best Session Paper Award” in International Conference on Mechanical, 

Metallurgy and Materials Engineering (ICMMME-16), held at Pattaya, 

Thailand from Jun 21 to 22, 2016 for his paper titled “Synthesis and Growth of 

Superior Characteristic Nonlinear Optical Organic Material: 1-(5-

Chlorothiophen-2-YL)-3-(2,3-Dichlorophenyl)prop-2-en-1-one.” 

2. Received conference grant of Rs 30,000/- from BARC Mumbai for the 

“National conference, CMPA Sep 2018”. 
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3. Received Rs 25,000/- as seed money grant from Research Directorate 

Technical MAHE during June 2019 [Grant ID: 00000202].  

4. Received external funded research project from UGC DAE CSR, Mumbai, Rs 

1,35,000/- [UDCSR/MUM/AO/CRS-M-314/2020/812 letter dated 13 July 

2020]. 

5. Received intramural research fund from Manipal Academy of Higher 

Education, Manipal Rs 4,50,000/- [letter dated 17 December 2021]. 

 

Resource Person:  

 Invited Lecture in International Workshop Thermoelectric Materials and 

Applications held on 24-25 August 2022 organized by SSN Research Centre, SSN 

Institutions, Chennai-603110, Tamil Nadu, India. 

Professional Training Received: 

• Participated in three days National workshop on “Advances in Organic Chemistry and 

Allied Applications” held at NITK, Surathkal during 16-18 Feb 2009. 

• Participated in five days winter school on “Nanoscience and Nanotechnology:  Recent 

Trends and Perspectives (NSNT-2010)” at NITK, Surathkal from 22-02-2010 to 26-02-

2010. 

• Participated in the “XX Refresher course in Experimental Physics” organized by 

Manipal University, Manipal, during May 24-June 9, 2010. 

• Participated in the two days Awareness workshop on “The facilities of UGC-DAE  

     Consortium for scientific research” held at Manipal Institute of technology,  Manipal  

University from 6 to 7th September 2010. 

• Participated in the 5 days 55th DAE-Solid State Physics Symposium sponsored by 

BRNS, Dept. of Atomic Energy Government of India, organized by Manipal University, 

Manipal, during Dec 26-30, 2010. 

 Participated in the 5 days Faculty Development Programme-2011 on “Photonics 

Materials and Devices”, organized by NIT, Calicut during 28th Feb—4th March 2011. 

 Participated in one day symposium on “Recent Advances in Photonics” organized by 

CAMP, Manipal University on March 29, 2011. 

 Participated in one day Workshop on Materials Characterization organized by 

XAPP/USM at Penang, Malaysia, on July 05, 2012. 
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 Participated in three days “National workshop on Photonics in Medicine and Biology” 

organized by CAMP, Manipal University during August 20-22, 2012. 

 Participated in one day workshop on “Three Dimensional Structure (Drug) 

determination using X-ray Crystallography” organized by CAMP, Manipal University 

on Feb 26, 2013. 

 Participated in the International Winter School on “Organic Electronic Materials & 

Devices” jointly organized by Dept. of Physics & Center for Materials Research, NITK 

Surathkal and Dept. of Physics and Astronomy, Michigan State University, USA,  held at 

NITK, Surathkal during 19-21 Dec 2013. 

 Attended a two days workshop on “ Counseling Skills for Teachers” organized by Dept. 

of Student Affairs, Manipal University, during  February 19-20, 2014. 

 Participated in the workshop on “Recent Trends in Optics” held at International School of 

Photonics, Cochin University of Science and Technology, Kochi, during 26-28 Feb 2015. 

 Participated in the Faculty Development Programme (FDP) on “Principles of Photonics 

and Applications” held at M S Ramaiah Institute of Technology, Bangalore during July 

20-24, 2015. 

 Attended a three days thematic workshop on “Diffraction methods for structural analysis 

in materials science” held at PPISR, Bangalore during 25-27 July 2016. 

 Participated in a short term course on “X-Ray Crystallography Basics and Applications” 

held at IISC, Bengaluru during 11-15 September 2017. 

 Participated in the workshop on “Sculpting an Academic Teaching Portfolio” held at 

MCPD during 19 June 2018. 

 Participated in the workshop on “Research Awareness Programme level 1” held at MIT 

during 8 June 2018. 

 Participated in the workshop on “Research Awareness Programme level 2” held at MIT 

during 15 June 2018. 

 Participated in a short term course on “Solar Energy Systems” held at IISC, Bengaluru 

during 1-5 July 2019. 

 Attended the Online Scientific Writing Program on the topics “Structuring your 

manuscript to impress journal editors and Selecting a journal and preparing a great 

submission package” organized by Editage on 19 June, 2020. 

 Attended “Online five days international faculty techno-improvement programme” 

organized by Netaji Subhashchandra Bose College Nanded, during 22-26 June 2020. 
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 Participated in One-week Faculty Development Programme “Material Synthesis and 

Characterization for Device Applications” held from 31st August to 5th September 2020 

organized by Department of Physics & Chemistry, NMIT, Bangalore. 

 Participated in Online workshop on Universal Human Values – Inculcating Universal 

Human Values in Technical Education during 21-25 Sep. 2020 (AICTE). 

 Participated in Online workshop on “CREATIVITY, PROBLEM SOLVING AND 

INNOVATION”, during 20-27 July 2021 (Office of the Faculty Development & Welfare 

(FDW) MIT, MAHE & Anil S Patel, Ph.D., who was supported by Faculty of 

Management Studies (FMS) at Charotar University of Science and Technology). 

 

 

Responsibilities held, achievements and recognitions outside MIT: 
 

1. Member of Udupi district first year PU Question bank setting team (2007-2008).  

2. Worked as Time table coordinator at Sharada PU College, Kunjibettu, Udupi.  

3. Worked as Deputy Chief Examiner (First year PU) at Cross land PU College, 

Brahmavar.  

4. Expert team member _ Atal Tinkering Lab at Madhava Kripa School Manipal 
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