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Enhanced Absorption in Thin Film Silicon Solar Cell
Using Plasmonic Nanoparticles: An FDTD Study

Saritha K Nairl>® and V K Shinojz’ b)

D Deparmment of Physics, Mar Athanasius College (Autonomous), Kothamangalam 686666, India.
2Optics & Spectroscopy Lab, Department of Physics, Union Christian College, Aluva 683102, India

¥ Corresponding author: saritha_physics@macollege.in
Y Electronic mail: shinojvk@uccollege.edu.in

Abstract. Solar energy is a clean and renewable energy source that has the potential to replace fossil fuel with effective con-
version of solar energy to electrical power. Research into thin film solar cells has been of priority because of the lower usage of
semiconducting material and thereby lower cost. But the thin film solar cells may also result in low device efficiency caused by
inefficient absorption. Researchers are still looking for a better design of solar cell for enhanced performance in terms of light
trapping and photocurrent. Various methods have been proposed for enhanced light trapping and efficiency. The nanostructured
metal particles in solar cells is shown to produce absorption enhancement due to localized surface plasmon. In this context, we per-
form a numerical investigation on the broadband light absorption enhancement in thin-film plasmonic solar cell with nanoparticle
array over the silicon layer using Finite Difference Time Domain (FDTD) method. The choice of proper metal nanoparticles, size
of nanoparticles and interparticle spacing are crucial in the study. Silver and gold are most studied materials due to their surface
plasmon resonances located in the visible range. Aluminium is an abundant material whose surface plasmon resonance is located
in the UV region. We performed a detailed investigation into the effect of nanoarray of silver, gold and aluminium nanoparticles
over the silicon layer of the plasmonic thin film solar cell on the broadband absorption enhancement of the solar cell. The obtained
result were compared for ascertaining the choice of material, size and interparticle spacing for optical absorption enhancement.

INTRODUCTION

Solar cells is a source of energy with potential to replace fossil fuels if effective conversion of sunlight to clean
electrical power is achieved. Silicon has been the preferred material of choice for solar cells owing to its low cost,
abundance on earth, and non-toxicity [1, 2]. First generation solar cells that are currently dominating the solar cell
market are typically made from thick crystalline semiconductor wafers which demand about 40 per cent of cost of a
solar module [3, 4]. In order for large scale implementation, the production cost still needs to be significantly reduced
and efficiency substantially increased. Thin film Si solar cells are a good choice towards reducing cost because of
low cost of materials and processing [5, 6]. In thin film solar cell technology, silicon thin film of thickness in the
range 1-2 um is deposited on cheap substrates such as glass, plastic or stainless steel. However, these thin film solar
cells have ineffective absorbance near bandgap and research aimed at increasing efficiency of these solar cells are still
ongoing [7, 8, 9]. In this perspective, the absorption enhancement of silicon on addition of metal nanoparticles over
the silicon layer of a silicon solar cell is systematically investigated numerically via Finite Difference Time Domain
method. The enhancement factor with each type of nanoparticles is calculated to study the improvement in silicon
absorption of the solar cell on the addition of metal nanoparticles such as silver, aluminium and gold.

METHODOLOGY

Schematic of configuration used for the study is shown in figure 1. The metal nanospheres are deposited periodically
on the silicon substrate. Here, d is the diameter of the particle and p is the period or the interparticle spacing.
Silver, gold and aluminium are considered in this study due to the localized surface plasmon properties of these metal
nanoparticles. The absorbing layer is silicon because of the wide range of application monocrystalline silicon solar
cells have. The optical parameters of silicon, silver, gold and aluminium are from Palik et. al. [10]. The simulations
were performed using a commercial FDTD software package, Lumerical FDTD (version 8.22.2072), available from
Lumerical Inc. [11]. This photonic simulation software FDTD from Lumerical, uses the Finite-Difference Time-
Domain (FDTD) method [12, 13, 14] for solving Maxwell’s equations in complex structures. The incident source is
a uniform plane wave with a wavelength range 400-1100 nm. The simulation study uses perfectly matched boundary
layers absorbing boundary condition on the upper and bottom boundaries of the computational domain that absorb the
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Analysis of a Batch Service Queueing
System Associated with Inventory
Transport
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Abstract. This paper considers a single server batch service queueing
system in which service is provided in at most k stages. A batch of
customers is admitted for service under GBS - rule (with minimum batch
size a and maximum batch size b). The customers have the choice to leave
the system after service completion from any stage. The service time of
a customer in a stage depends on the stage as well as the number of
customers being served in that stage. The stability of such a system is
investigated and key performance measures computed based on system
state distribution. The time required to provide service to a batch of
specified size is analyzed. An optimization problem is considered and a
numerical example provided.

Keywords: Batch service - GBS -rule - Inventory transport - k-stage
queueing system

1 Introduction

In this paper, a queueing problem which arises in the transport of inventory,
encountered by most e-commerce firms is considered. Due to restrictions imposed
by cost and time all items to be shipped from a fixed source in a particular route
will be shipped together, in batches of a certain minimum batch size (which
forms the lower threshold a). Also, there will be a certain capacity restriction
for the transport vessel(server), so the maximum batch size for service (which
forms the upper threshold b) should be specified. So if the source is denoted by
node 0, the terminal node(the last station in this route) by k + 1, the inventory
will be delivered at nodes 1,2..., &k, in addition to the terminal node. It is of
interest to know the time required to provide service to a batch of a particular
size. For simplicity, we have modeled the problem as a single server queueing
system, though in real life it is a multiserver queueing system. The demands
for inventory at the source are arrivals to this queueing system. The service is
assumed to be provided in at most k stages as the service ends when the entire

© Springer Nature Switzerland AG 2021
V. M. Vishnevskiy et al. (Eds.): DCCN 2021, LNCS 13144, pp. 153-166, 2021.
https://doi.org/10.1007/978-3-030-92507-9_14
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Taxonomy of Cyrtophora citricola (Forsskal, 1775) from the Western Ghats

Elizabeth V. Mathew

Dept of Zoology, Union Christian College, Aluva, Kerala 683102;
elizabethvmathew@uccollege.edu.in

Abstract

The study focuses on the taxonomy of Cyrtophora citricola of the Western Ghats. The
A spider genus Cyrtophora Simon, 1864 belongs to the family Araneidae Clerck, 1757 and
subfamily Cyrtophorinae Simon, 1895. C. citricola (Forsskal, 1775) is the type species and is the only

representative of Cyrtophora in the New World. Specimens were collected from different sites spanning
the length and breadth of the Western Ghats. Taxonomic description and illustration of the species is done.
Stereomicroscope Leica M205C with advanced automontage software is used for detailed description and
documentation. Cyrtophora citricola has more than one pair of abdominal tubercles, is colonial and
abundantly found in urban landscapes. DNA barcoding with Cytochrome oxidase 1 (Cox1) marker is carried
out. DNA isolation was done with Qiagen DNeasy® kit. Data analyses were conducted on TCoffee, BioEdit
and MEGAS. Two extreme colour variants of C.citricola were sequenced to know if they were two individual
species, but were confirmed to be only colour morphs. The combination of traditional taxonomy and
molecular data is a good model to adopt. When species identification is complicated, the potential of DNA
barcoding can be utilized. An integrated approach in taxonomy is the need of the hour.

Keywords: Taxonomy, Cyrtophora, Western Ghats, DNA barcoding, Cytochrome oxidasel

Charippus Thorell, 1895, a poorly studied genus of euophryine jumping spiders (Araneae, Salticidae)

Kun Yu.

Hebei University, China, 13468690210@163.com

Abstract

Charippus Thorell, 1895, a poorly studied genus of jumping spiders, currently contains only
| two species: the type species C.errans Thorell 1895 from Myanmar and C.yinae Wang & Li,
2020 from China. However, our recent study on jumping spider specimens from Southeast
Asia and China showed that the diversity of this genus is far beyond that, and at least eight new species
have been discovered so far. Previous studies suggested that Charippus belonged to Euophryini and
probably fell into the Cytaea-Euryattus Clade. However, our molecular phylogenetic analyses based on four
genes (28S, 16S, ND1 and Actin5C) reveal that Charippus falls within the Laufeia Clade of Euophryini. In
addition, somatic and genitalic characters were explored for potential synapomorphies of Charippus and
its close relatives.
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Preparation and characterization of manganese
doped hematite nanostructures for photocatalytic
applications

Julie Ann Joseph, Surya Mary A, Chinnu Esthan, and Rachel Reena
Philip*

Thin Film Research Lab, Union Christian College, Aluva, Kerala, India, 683102

Corresponding author: reenatara@gmail.com

ABSTRACT

In this paper, a simple two stage electrochemical method is utilized to prepare
manganese doped hematite nanostructures and to test its efficiency in photocatalytic
applications. The structural, compositional, morphological and optical characterizations
are performed with the help of X-ray diffraction and Raman spectroscopy, X-ray
Photoelectron spectroscopy, Field emission scanning electron microscopy and Diffused
reflectance spectra respectively. Doping with manganese has lead to reduction in bandgap
and hence to improvement in photocatalytic activity.

KEYWORDS: Anodization; electrochemical; nanostructures; doping; photocatalysis.

1. INTRODUCTION

Removal of toxic waste from waterbodies has become a primary concern for
scientists and a number of methods have been utilized to remove waste from water
sources. Photocatalysis technique is a very simple and efficient method to remove
contaminants from water. Hematite (a-Fe;O3), the most stable form of iron oxide
is considered as a good photocatalyst due to its properties such as low cost,
environment friendly nature and a suitable band gap *. But hematite has certain
limitations such as low electrical conductivity and high recombination rate of
electrons and holes®3. Doping with different elements, nanostructuring, formation
of heterostrucures are commonly preferred methods to overcome these
difficulties>. Here we have attempted to dope manganese in hematite
nanostructures by a simple electrochemical method so as to improve its
performance in photocatalytic applications.

126
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Therapeutical uses of Syzygium cumini, an
under utilized plant of paramount significance

Bhadra KeralaVarma & Jyothilekshmi S*
Department of Biosciences, Union Christian College, Aluva, Kerala

* Corresponding author: Jyothilekshmi
E- mail: jyothilekshmis@uccollege.edu.in,

I ntroduction

Syzygium Cumini (syn: Eugenia jambolana, Syzygium jambolanum), atraditional herb
belonging to the family Myrtaceae is well known for its wide range of applications in the
medicinal, therapeutic, pharmacological, and industrial sectors (Sahu et al, 2020). S.cumini,
also known by the local names, jamun, black plum, blackberry, java plum, Maabar plum, and
jambolan is an indigenous fruit of high commercial value (Ayyanar & Subash Babu, 2012).
Jamun with its predominant geographical distribution in the tropical and sub-tropical regions
of the Asian subcontinent, is also seen in Southeast Asia, China, Eastern Africa, South
America, and Madagascar. The plant bears fruits once in a year and the fruits which are
purple in color and sweetish-sour in taste are widely used for making jams, wines, and
sguashes (Swami et al, 2012). Being an excellent source of antioxidants, polyphenols,
flavonoids, steroids, vitamins, alkaloids, essential oils, and mineral salts, Scumini could be
utilized for the treatment of a myriad of allments (Anjai et a, 2017). Several studies
performed previously have confirmed the anti-diabetic, anti-cancer, anti-allergic, anti-
microbial, Anti-diarrheal, radio-protective, anti-pyretic, hepato-protective, nephroprotective,
cardio-protective, gastro-protective, chemo-preventive and anti-inflammatory properties of
S cumini making it a plant of utmost therapeutic significance (Brito et al, 2007), (Tripathy &
Pradhan, 2015), (Atale & Rani, 2016), (Singh et al, 2016), (Patil et a, 2018), (Farhana,
2020), (Gibbert et a, 2021).

The literature suggests that S. cumini has lots of industrial applications in addition to
its medicinal uses. The presence of B-Amylase, a widely used enzyme in textile, paper,

distillation, and pharmaceutical industries has been identified in the fruit pulp of S. cumini
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Extraction and partial purification of beta amylase
from Syzygium cumini fruits

Divya. K. Dileep*, Bhadra K erala Varma?, Jyothilekshmi.S*

Department of Bio sciences, Union Christian College, Aluva
E-mail: jyothilekshmis@uccollege.edu.in
I. Introduction

The tradition of using Syzygium cumini, a medicinal herb for the
treatment of a wide range of allments dates back several hundred years.
Scumini, aso known by the local names, Malabar plum, jamun, jambolan and
black plum is predominantly located in the Asian continent, but can also be
found in the regions of South America, Thailand, Philippines, Malaysia,
Australia and West Africa (Bijauliya et al, 2018). Belonging to the family
Myrtaceae, Scumini is a rich source of phytochemical constituents like
polyphenols, antioxidants, vitamins, akaloids and mineral salts, making it a
plant of high therapeutical significance (Varma & Jyothilekshmi, 2021).
Different parts of the plant including its seed, stem, bark and leaves are used
for the treatment of a wide range of diseases due to its anti-diabetic,
antioxidant, anti-allergic, anti-inflammatory, anti-hyperlipidemic, anti-pyretic,
radio-protective, gastro-protective, cardio-protective, and chemo-preventive
properties (Sehwag & Das, 2014). Apat from the therapeutical and
pharmaceutical applications, jamun has been widely used in industries for a
variety of purposes.

B
Figure 1: The figures show the ripe jamun fruits which appear purplein
colour on the branchesof ajamun tree.
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4. Service-Learning Under the ‘New Normals’ and Beyond

Justin R Nayagam', Malini R:, and Akhila Narayanan:
‘Department of Botany, Union Christian College
:Department of Psychology, Union Christian College
sDepartment of English, Union Christian College

Abstract

The present paper premises itself on the understanding that we are living
at a time when human societies are faced with multiple ‘new normals’,
brought about by a variety of disruptive forces, both natural and man-
made. When such disruptions compel us to change our behavior over a
short-term or a long-term period, it constitutes a ‘new normal.” Bearing
this in mind, the paper proposes that any rethinking on the new pedagogy
for SL under the ‘new normal’ should have a basis in flexibility than
adaptability to the new learning contexts, i.e., an approach geared
towards blending offline and online modes instead choosing one over the
other. The paper corroborates this perspective based on the experience of
conducting the International Student Exchange Service-Learning (ISESL)
at UCC during the years 2018 and 2019 when the state of Kerala was hit
by unprecedented floods causing massive disruptions to normal modes of
functioning and installed, albeit temporarily, a ‘new normal.’

Service-Learning (SL) as envisaged by Sigmon (1979) involves ‘reciprocal
learning” where those who receive as well as those who provide service are mutually
benefitted from the experience. It is undoubtedly a pedagogical strategy which is
transformative and attends to the wholesome development of students and faculty
involved in it (Kahne&Westheimer, 1996; Kiely, 2005). The theme of the present
monograph seeks to reconfigure the concept of SL in the context of the ‘new normal’ and
explores the potential new pastures available to the SL educators as the old pastures
become remote.

Though the ‘new normal’ here is a direct reference to COVID-19 pandemic, the
authors of the paper would like to see it in a much broader ambit. It is an expression that
has to be understood under specific contexts, delineating the characteristics of the distinct
situations that constitute the ‘new normal °. The paper premises itself on the
understanding that we are living at a time when human societies are faced with multiple
‘new normals’ depending on where we are, brought about by a variety of disruptive forces,
both natural and man-made. When such disruptions intrude into all walks of life,
compelling us to change our behaviour over a short-term or a long-term period, it
constitutes a ‘new normal. > Though the present ‘new normal’ is defined in relation to the
COVID-19 pandemic that has had global impact, extreme weather events like floods,
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Service-learning researches have been growing and expanding around the world.
While much of the early work was carried out in the US and Europe, such efforts have
been developing in Asia for the past few decades. The use nfthe term, serwce-leam—
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CHAPTER 6

EVOKING ECO
CONSCIOUSNESS
THROUGH SERVICE LEARNING

Justin R. Nayagam, Thara K. Simon, and Malini Rajagopalan Nair

Service-learning links students and people from diverse arenas having a wide range
of academic and socio-economic status. When the purpose is environmental protec-
tion and conservation in the tropical unprotected riverbanks of Southern Peninsular
India, it becomes ingenious. Service-learning at selected riverbanks was conducted
with the participation of undergraduate and postgraduate biology students to gener-
ate data on various aspects such as flora, ecological degradation, cultivation prac-
tices adopted in croplands and weed plant diversity. Service-learning helps to raise
awareness on the importance of maintaining riverbanks biodiversity, sustainable use
of resources, best practices in cultivation, and overall protection of riverbanks. The
student groups developed practical knowledge in onsite training and were extremely
delighted to receive feedback from the public and beneficiaries. The faculty and
environmental activists developed leadership qualities. An Herbarium focused on
the local flora became an asset to the host institution as it served as a repository of
voucher specimens for further studies and identification for the public and those
in the biology stream. The benefitted students learned pedagogical approaches and
served as stewards locally.

Keywords: Riverbanks, Service Learning, Environment Protection, Biodi-
versity, Ecological Degradation

Food for Thought: Service-Learning Research in Asia, pages 57-71.
Copyright © 2021 by Information Age Publishing
All rights of reproduction in any form reserved.
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The Megaliths in Bison Valley, Idukki, Kerala: A Preliminary
Report of the Explorations from 2018-2021

Jenee Peter®, Benny Kurian®, Praveen C.K.© and Abu Joseph®

@P.G. and Research Department of History, Union Christian College, Aluva- 683102, Kerala, India
(Email: jeneepeter@uccollege.edu.in) (Corresponding author)
®) Veettal, Pangode PO, Ernakulam, India
© Adi Drishya Department (Rock Art Unit), Indira Gandhi National Centre for the Arts, New Delhi
@ Anikoottathil, Puthuveli PO, Kottayam, India

Abstract: Fifteen urn burials and five cist burials of the Iron ~ Keywords:
Age-Early Historic affiliation were found during a road Megaliths
construction at Bison Valley in Udumbanchola Taluk in 17, ki

Idukki District. These were systematically studied, and the ..., Age
site was documented. This paper gives an overview of the  {1,,, Buriais
context of the burials and artefacts and the variability in Early Historic

grave goods assemblage within the site. As more and more
developmental activities are commissioned in the Western
Ghats by the State and individuals, buried archaeological
records are being revealed at an unprecedented pace,
particularly in Idukki district. More such discoveries can be
expected from the site and its vicinity in the near future. A
sound methodology aimed at data recovery from such sites
has to be part of future salvage archaeology operations.

Bison Valley

Introduction

Fifteen urn burials and five cist burials of the Iron Age-Early Historic (IA-EH) period
were accidentally exposed during a road construction at Bison Valley in Idukki District
(Figs. 1 and 2). Based on preliminary artefactual analysis, the site has been tentatively
placed in the IA-EH context instead of Iron Age-Megalithic. The site was first reported
by Mr. Manoj P.A. of Bison Valley in 2017. Since then, many burials have been opened
and examined, and very few of these artefacts were salvaged by the local residents. The
site was first documented by the present team in 2018. It was revisited in February 2021
following the discovery of more burials due to the widening of the road. A salvage
archaeology operation was conducted to understand the nature of deposition of urn
burials and cist burials. We also surveyed the other localities in Bison Valley and the
neighbouring villages and documented menhirs, dolmens, cists and urn burials. A
preliminary report of the fieldwork is given here.

Locality IV in Bison Valley Panchayat (N 10° 01" 14.40” E 077° 08" 53.31”) in
Udumbanchola Taluk in Idukki District has a settlement history from the Iron Age to the
modern period.

This is an Open Access e-publication by Department of Archaeology, University of Kerala licensed under

Creative Commons Attribution 4.0 International (CC BY 4.0), unless otherwise stated.
ISBN: 978-93-5493-899-3
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X
=
S Abstract—Classification is always an interesting problem in
. the field of computer vision. In a two class problem, there will
8 be an uncertainty in the classification of adjacent images of . %
o two classes. To avoid this uncertainty, an exponentially biased *
= discriminant analysis is proposed for the classification. Initially, L
. . . . . v
- the entire database is projected to an exponentially biased space. v "
§ In this space the data is more separated than the original space. L *
(@) Discriminant analysis is then used to classify the objects in this N *
= new space. After the training, the test data are approximated S| *
o to this space using Generalized Regression Neural Network. The 2 *
£ proposed algorithm is evaluated using the database of Covid 19 |
g chest images. A better accuracy is observed for the proposed g
z method by comparing with the normal discriminant analysis. | \
@ But, this accuracy may not be a very good value. Better scientific
= approaches on the selection of the exponential biasing may give |
g better classification accuracy. v
> Index Terms—Exponential Biasing, Discriminant Analysis, ‘ ‘ ‘
& Generalized Regression Neural Network (GRNN), Covid 19, Dimension 1
= Class Separability.
o
?u I. INTRODUCTION Fig. 1. Uncertainty in classification of two classes [1].
= . . . . . .
b7 In two classes of classification, the identification of Covid
[ . . .
S 19 from chest pictures is a recent research subject. The person
< with very high symptoms of Covid 19 should get urgent
=] . . . .
£ treatment. Otherwise, it may affect the life of the patient.
§ The chest images of Covid 19 affected patient should have r v
S features different from that of a Covid negative patient. If a
(%] . . . .
g technology can identify Covid 19 from chest pictures more
E accurately, it will aid doctors in making a more accurate i
S and timely diagnosis of the condition. It will reduce the N
o . . c
5 effort of other type of testing procedures and provide urgent S
< treatment to the patient. This paper proposes a classification Sl
1) . o . . . £ *
O of Covid positive chest images and Covid negative chest =
g images using an exponentially biased discriminant analysis
‘é using Generalized Regression Neural Network (GRNN). |
2 The classification of adjacent images of two classes is *
= always difficult. There is always an uncertainty in classification v 7
& of these images. The classification of these images is very Dimension 1 ‘
Q important since the correct classification of these images will
(9]

be highly reflected in the accuracy. Figure 1 depicts the uncer-
tainty in classifying two classes in the top two dimensions of
Linear Discriminant Analysis (LDA). Inside the circle, there

Fig. 2. Uncertainty in classification of two classes [1].
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Utilization of carbon allotropes

with special reference to carbon
nanotubes and graphene for the
high performance of natural rubber

Neena George', Ajalesh B. Nair', Neethumol Varghese and

Rani Joseph®

'Post Graduate and Research Department of Chemistry, Maharaja's College, Ernakulam,
Incha, *Post Graduate and Research Department of Chemistry, Union Christian College,
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Abstract

Carbon is the most stidicd element of the v er, Carbon adopts & wide runge of llo:
opes, such ax graphite, dismond, fullerene, carbon nanotubes (CNTx), graphene (GE),
and amorphous carbon, These carbon struciures huve been explored for thie Tust few deg-
ades and find applications in various fields of science and technalogy, especiully in the
o of polymer nanveomposites, Natural rubber (NR) being the erucial material in indus
imal applications, hias been studicd and examined Tor the Improvement ol both physicul
and elecirical properties with these carbon materials, In this chapter we give u brief
deseription of the types, structures, and shapes of different allotropes. of curbon in the Tirst
seetion with a detailed discussion on NRICNT sl NR/GE nanocompasites in the follow-
ing seetions, The role of processing methods in improving the state of dispersion of CNTs
amd GE in NR has been discussed ulong with the effect of incorporation of these nanomi-
terials on the mechanical and electrical properties of the resulting nanocomposites. Some
potential applications and prospects for (utare development of these high-performance

materials have been included at the end of this chipter,

Keywords: Curbon allotropes: graphene: carbon nanodubes: natural rubber, mechanical

properticss high performance applications

8.1 Introduction

Carbon has been the subject of intense interest from researchers for decades, Tt s
mesd Tumiliar as o black solid like graphite, coal, and charcoal, or os the hard, crystal-
line digmond Torm. The name is derived from the Latin word Tor charcoal, carba, 1)
w found in the Earth's crust at a concentration of 480 ppm, making it the 15th mosi
sandant element in the Earth's erust, 1t is found i form of caleium carbonale
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