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Learning Objective:
This course provides an advanced and comprehensive understanding of next‑generation photovoltaic (PV) technologies. Students will develop expertise in semiconductor physics for solar energy conversion, carrier transport mechanisms, thin‑film devices, perovskite solar cells, organic photovoltaics, tandem architectures, and emerging solar materials. The course aims to equip students with the concepts and analytical skills needed to evaluate, model, and innovate PV systems that go beyond the limits of conventional silicon-based technology
Learning Methodology:
The teaching methodology includes interactive lectures, numerical modeling sessions, device‑level simulations, research paper presentations, lab demonstrations (where applicable), and project‑based learning. Students will analyze J–V curves, external quantum efficiency (EQE), recombination pathways, interface engineering, and degradation mechanisms. Hands‑on computational work will enable students to interpret PV parameters and optimize device structures.
Grade Evaluation Criteria
Following is the criteria for the distribution of marks to evaluate final grade in a semester.
	Marks Evaluation
	Marks in percentage

	Quizzes
	10%

	Assignments
	10%

	Mid Term
	20%

	Attendance & Class Participation
	10%

	Term Project
	10%

	Presentations
	10%

	Final exam
	30%

	Total
	100%





 
Recommended Text Books:
1. Jenny Nelson, The Physics of Solar Cells, Imperial College Press.
2. Antonio Luque & Steven Hegedus, Handbook of Photovoltaic Science and Engineering, Wiley.
Reference Books:
1. Martin A. Green, Third Generation Photovoltaics, Springer.
2. Michael Grätzel, Selected papers on dye‑sensitized and perovskite PV.
3. De Wolf, Snaith & collaborators, Perovskite Solar Cell Physics (journal literature).
Calendar of Course contents to be covered during semester  
Course code: PH-786                Course title: Next-Generation Photovoltaics
	
 Week
	
                                    Course Contents                                                                 
	
	
Reference Chapter(s)

	1
	Solar energy overview; PV efficiency limits; Shockley–Queisser analysis
	Ch. 1

	2
	Semiconductor absorption, excitons, and carrier dynamics
	Ch. 2

	3
	pn junctions, heterojunctions, and charge separation in PV devices
	Ch. 3

	4
	Thin‑film PV: CdTe, CIGS, amorphous Si technologies
	Ch. 4

	5
	Perovskite solar cells: structure, fabrication, recombination physics
	Ch. 5

	6
	Stability, hysteresis and environmental degradation in perovskites
	Ch. 6

	7
	Organic photovoltaics: donor–acceptor design, exciton diffusion
	Ch. 7

	8
	Dye‑sensitized solar cells: electron injection and regeneration mechanisms
	Ch. 8

	9
	Tandem and multi‑junction solar cells; efficiency enhancement strategies
	Ch. 9

	10
	Light trapping, textured interfaces, plasmonic enhancement
	Ch. 10

	11
	Transport layers and interface engineering in perovskite and OPV
	Ch. 11

	12
	Device characterization: J–V, EQE, photoluminescence, impedance
	Ch. 12

	13
	Fabrication techniques: solution processing, vapor deposition, printing
	Ch. 13

	14
	Flexible, transparent, bifacial and BIPV architectures
	Ch. 14

	15
	Degradation pathways and reliability assessment
	Ch. 15

	16
	Future PV concepts: quantum dots, perovskite–Si tandems, hot‑carrier cells
	Ch. 16
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