Serial No. 74224
(Online)

Shibli National
Academic Journal

(A Six Monthly Multidisciplinary Multi
Lingual Peer Reviewed Journal)

Shibli National Academic Journal (SNAJ)
Vol. 11, Issue 1, July - December, 2025



MEMBER OF EDITORIAL BOARD

Dr. Mohammad Zahid

Chief Editor
Assistant Professor,

Department of Teacher Education
Shibli National College, Azamgarh — 276001
Email: dr.zahid_bed@shiblicollege.ac.in
Mobile: 9260947878

Dr. Sarfaraz Ahmad Dr. Upendra Nabh Tripathi
Managing Editor Section Editor

Department of Teacher Education IGNOU Regional Centre, Varanasi — 221005

Halim Muslim P.G. College, Kanpur — 208011 Email: untripathi@ignou.ac.in

Email: sarfarazahmad_kn06@csjmu.ac.in Mobile: 9896344566

Mobile: 9451018580

Dr. Belal Usmani Dr. Abdullah Imteyaz Ahmad
Associate Editor Assistant Editor

Department of Physics University of Mumbai, Kalina Santacruz

Shibli National College, Azamgarh — Mumbai — 400098 Email:

276001 abdullahimteyaz4@mu.ac.in

Email: busmani@iitj.ac.in Mobile: 869198168

Mobile: 9782379415

Dr. Badiuzzaman Dr Jagdamba Dubey
Technical Editor Assistant professor

Department of Commerce Department of Urdu

Shibli National College, Azamgarh Halim Muslim P.G.College Kanpur

Email:dr.badi_comm@shiblicollege.ac.in (CSJIM University Kanpur) 208001.U.P

Mobile: 9044107685 Email: jagdambakn06@csjmu.ac.in

Mob.9415280915
Publisher-

RAHMAN SHIKSHAN SEWA SANSTHAN, AZAMGARH (U.P)

Correspondence Address-
Aman Colony, Balrampur, P.O. Pathkauli, Sadar Azamgarh(U.P.)-276001
E-mail : chiefeditor@snaj.org.in
Contact : 9260947878



mailto:chiefeditor@snaj.org.in

Contents

S. No. Title Author Page
No.
1 FLIPPED CLASSROOM MODEL : A REVIEW Dr. Seema Sadig 1-10
Scaling of Inverted PTB7-Th:PC7BM Organic
5 Solar Cell for Large Area Organic Photovoltaic | Dr Belal Usmaniab, 11- 26

Modules

Dr Rahul Ranjan'




FLIPPED CLASSROOM MODEL : A REVIEW

**Dr. Seema Sadiq, Asst. Prof., B.Ed. Dept.,
https://orcid.org/0009-0006-1072-264X

S.N.C., e-mail: seemasadig30@gmail.com

Abstract

A revolutionary method to teaching and learning, flipped learning was created and
modified in response to the circumstances. Many studies have been done on the subject,
including ones that focus on speaking proficiency. Given the volume of research on flipped
learning, a thorough literature evaluation is necessary to identify any gaps in the body of
knowledge. This study demonstrates how flipped learning improves speaking proficiency
in a productive classroom environment. Many theses have been read and after that this
review paper related to Flipped Classroom Model is done. This paper discusses some
research work which have been conducted from 2015 to 2018. So that to highlight about
the research gap for conducting new research work related to this new topic. Most of the
work have been conducted in abroad. For Indian settings , this topic is novel and it is very
difficult to find this type of research work related to Flipped Classroom Model. This paper

helps to new research scholars to find knowledge gap about this topic.

Keywords : Flipped Classroom, speaking, flipped model, experimental.

Introduction : Flipped learning is a transformative teaching and learning approach that offers
innovative teaching and learning activities. It transforms the traditional instructional strategy
in the teaching and learning process (Karagol & Esen, 2018). Flipped learning is a pedagogical
paradigm that was underlined by constructivism theory that facilitates students’ engagement in
the classroom by providing an active teaching methodology that changes the traditional
learning time; the activity that will be done at home and something the students used to do at
home will be done in the classroom (Bergmann & Aaron, 2012; Fan, 2022; Gentile et al., 2022).
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It offers more autonomy to be responsible for their prior learning before the classroom practice
(Bardule, 2021; Gonzalez-Zamar & Abad-Segura, 2022). This approach can be implemented
to accommodate the lack of learning time or practice in conventional classrooms with
promising benefits.

Flipped learning has been developed massively since the 2000s when the integration of
technology in education. Popularized by Jonathan Bergmann and Aaron Sams, flipped learning
has become an effort to transform the learning activity to increase students’ engagement and
performance (Tan et al., 2015).

Bergmann and Aaron (2012) cite five key benefits of implementing flipped learning in
teaching: active learning and engagement, personalized pace, better use of classroom time,
increased student responsibility, and enhanced teacher-student interaction. The implementation
of flipped learning potentially boosts speaking achievement and skill. Aburezeq (2020) found
that the implementation of flipped learning could improve students' speaking skills and
achievement. Additionally, flipped learning is effective for speaking skills through self-
regulated learning, interaction, motivation, and achievement (Santhanasamy & Yunus, 2022).
Furthermore, flipped learning affect positively to students speaking proficiency by promoting
learner autonomy and engagement in the learning process (Abdullah et al., 2019; Haerazi,
2023; Marliana, 2022).

Flipped learning studies have been studied in all language skills, listening, speaking,
reading, and writing, especially speaking as a productive skill. Numerous researchers have
researched flipped learning and speaking skills; they were studied both independently and
dependently. However, the correlation of how flipped learning affects speaking competency
yet cannot be identified. Despite the massive research in flipped learning, the existing
literatures potentially put some gaps. Many studies have focused on flipped learning and
speaking separately; both can work synergically to improve teaching and learning quality
(Karagol & Esen, 2018).

The recognition of flipped learning and speaking competency in educational contexts,
recently produced ample studies. A systematic literature review is necessary to be conducted
to understand the effect of flipped learning on speaking competency. Furthermore, it can be a
milestone to see the gaps between flipped learning and speaking competency for further
research. This systematic literature review discusses the research conducted in flipped learning

and speaking competency and many more variables.



Methodology : From 2015 to 2018 many theses work have been read and present it in this
paper one by one. So that to highlight about the research gap for conducting new research work
related to this new topic. Most of the work have been conducted in abroad . For Indian settings
this topic is novel . And it is very difficult to find this type of research work related to Flipped

Classroom Model.

Review Of Related Literature :

Khoo (2015) found that the influence of flipped pedagogy on student learning of
threshold concepts in an introductory undergraduate course was examined by instructors in
the faculty of engineering at a New Zealand university. As part of the three-week
intervention, they substituted conventional weekly lectures with a series of short video
lectures. The lab was modified to accommodate collaborative problem-solving activities.
Interviews, questionnaires, class observations, and video analytics were used to obtain
information. The flipped lesson was well received by the pupils, according to the findings.
Many students, on the other hand, did not attend video lectures because they believed group
activities were more beneficial to their learning. They recommended that current techniques
for motivating students to watch videos be revised in order to optimise learning

possibilities.

Before the class, digital information (Rahman et al. 2015) serves as a reference and
recommendations. Students initially use technology in the form of audio, video, and
through an educational portal, which they find beneficial to their learning process. To
guarantee successful involvement among students, it focuses on various group activities
such as in-class activities and other combinations of inquiry-based learning. The flipped
classroom is a technique that can create knowledge and skills to meet the needs of 21°-
century learning. In gathering examination sessions, the Student may not be dynamic. As
a result, the flipped classroom's implementation has the potential to regulate the present
traditional class in the proper bearing, resulting in a strong learning environment for pupils.
The creators believe that the learner's learning should be sustained after their school days
have ended.

Azlina et al. (2015) investigated the impact of the flipped Classroom on students’
success after implementing the flipped Classroom method. The flipped Classroom has been

proven to be ideal for STEM (Science, Technology, Engineering, and Mathematics) and to
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have a positive impact on students’ success in schools and higher institutions. Higher
education in the twenty-first century places a strong focus on the use of innovative
educational technologies. Only 15 students took part in this study, which is considered a
small sample size for the overall analysis. To enjoy the benefits of the flipped classroom,
this activity is expanded to include a large number of pupils. The authors feel that there is
an opportunity and scope for research work in the flipped classroom to investigate and

grow in the direction of acquiring an excellent and quality education.

Lal (2016) used the Moodle service at the University of Kerala’s Virtual Learning In
the flipped classroom, Alakawi (2016) studied the influence of CALL on Egyptian EFL
learners’ listening skills. The study focused on using technology both inside and outside of
the classroom to improve students’ listening skills. The research included 40 students from
Alexandria University’s English department who were studying EFL. The experiment and
control groups were divided into two groups in this quantitative investigation. Because the
experimental courses were flipped, they were provided an audio or video recording of the
lecture to help them prepare for the next lecture activities, which included listening
comprehension questions. The use of CALL in the flipped classroom was shown to be

helpful in improving the listening skills of Egyptian EFL students .

Alakawi (2016) studied the influence of CALL on Egyptian EFL learners’ listening
skills in the flipped classroom. The study focused on using technology both inside and
outside of the classroom to improve students’ listening skills. The research included 40
students from Alexandria University’s English department who were studying EFL. The
experiment and control groups were divided into two groups in this quantitative
investigation. Because the experimental courses were flipped, they were provided an audio
or video recording of the lecture to help them prepare for the next lecture activities, which
included listening comprehension questions. The use of CALL in the flipped classroom

was shown to be helpful in improving the listening skills of Egyptian EFL students.

Rameswari, G, and Kasinathan, O (2016) studied about the efficacy of the Flipping
Strategy in Teaching Disadvantaged Students in Inclusive Settings . The study’s goal was to
assess the effectiveness of the flipped method with a focus on children who were socially,
culturally, and intellectually disadvantaged. The experimental group was taught using a

flipped technique, whereas the control group was taught using traditional style. It was decided
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to use a pre-test and post-test design. For thirty days, the experiment was conducted. The
identical accomplishment exam was offered to both groups as a retention test once more. The
data was examined using statistical procedures such as the mean, SD, and t-test. The findings
revealed that (i) there was no significant difference in pre-test performance between the control
group and the experimental group (ii) there was a significant difference in post-test
performance between the control group and the experimental group (iii) there was no
significant difference between pre-test and post-test in the control group students (iv) there was
a significant difference between pre-test and post-test in the experimental group students (v) in
terms of the rate progress , experimental group students are far ahead to the control group
students (vi) significant difference is found between pre and post test in the experimental group;
but no significant difference is seen in the control group (vii) the obtained results showed that
flipped strategy was more effective than the traditional method in teaching science, and it
enabled socially, culturally, and academically disadvantaged groups and improve their

performance considerably.

Kaushal Kumar, B. et al. (2016) investigated the influence of the flipped classroom on

high school mathematics concept learning. The study’s goals were :

l. To determine the impact of a flipped classroom learning environment on
students’

learning achievement and motivation.

Il. To see how flipped classrooms affect learners at various levels of achievement when

it comes to learning arithmetic topics .

The Achievement Test in Mathematics and the Course Interest Survey were the instruments
utilized. This study employed a quasi experimental design with a pre-test and post-test phase .
The study’s population consisted of high school students who were separated into control and
experimental groups. For data analysis, the statistical procedures t-test, analysis of covariance,
and multivariate analysis of variance were employed. The findings revealed that | there was a
significant difference in learning achievement and motivation between the two groups, with the
Flipped classroom students outperforming the traditional method students, and (ii) there was a
significant difference in the performance of low achievers in the experimental and control

groups.



Morton & Colbert-Getz (2016) studied that flipped classroom encourages higher- order
thinking skills. The University of Utah School of Medicine researchers designed an
experimental study to test the hypotheses that 1. Students in a flipped classroom would perform
better than students in a lecture classroom on a higher cognition exam and 2. There would be
no difference in performance on a lower cognition exam. In 2013, 101 students received 30
hours of anatomy instruction through lectures, while 104 students received 30 hours of anatomy
instruction through a flipped format in 2014. Exam questions were divided into two
categories: knowledge (low cognition) and analysis or application (high cognition) (higher
cognition). Mann Whitney tests revealed that flipped classroom students fared better on
analysis questions (p=0.03) than lecture class students, but no differences in knowledge items
(p=0.70) .

Thiyagu, K. (2017) studied the efficiency of Vodcast among B.Ed. Trainees in teaching
Mathematics. The study’s major goal was to determine the effectiveness of Vodcast in teaching
Mathematics to B.Ed. students. The investigation was conducted using an experimental
technique. The study’s sample consisted of 48 B. Ed students from Tuticorin District’s Dr.
SivanthiAditanar College of Education. For the selected material, the tools were Video Podcast
and a Mathematics Achievement Test. The statistical analysis of data was done using the mean,
standard deviation, and t-test. Pupils in the experimental group performed better as compared
to the control group; but there was no significant difference in gain scores between the control
and experimental groups in terms of achieving application objectives in the pre-test. The
researcher also discovered that there was no significant difference between the control and
experimental groups in their pre-tests, but that there was a significant difference in their post-
tests . In the post-test, the experimental group performed better than the control group. In the
post-test, there was a significant difference between control and experimental group students’
achievement of knowledge, understanding, and application objectives, as well as a significant
difference between the experimental group’s pre-test and post-test scores in their achievement
of knowledge, understanding, and application objectives. After receiving the Video podcast

therapy, the experimental group improved on all three levels of learning objectives.

Marta et al. (2017) focused on the influence of students' adoption of the flipped classroom
methodology as well as their experiences with out-of-class sessions. This study is for a

numerical analysis course, and the opinions of students are gathered to assess the level of
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acceptability of this new teaching technology. The findings indicated that students accepted
the flipped classroom to a great degree. Students are also happy with the substance of out-of-
class videos and prefer to tackle problems with faculty aid during in-class sessions. For
out-of-class use, YouTube videos and pre-recorded video learning objects were posted.
Because most students are familiar with mobile applications and online portals, out-of-class
learning materials are flexible and easy for students to utilize any gadget for classroom sessions

and improve self-learning abilities.

Neela Pathare (2018) investigated the impact of the Flipped Classroom Strategy in
Higher Education . The study's goals were (i) identify appropriate topics from the
Environmental Education syllabus for use in a Flipped Classroom Strategy, (ii) prepare a
programme using a Flipped Classroom Strategy for teaching selected topics in
Environmental Education to student teachers, and (iii) determine the effectiveness of the
programme using a Flipped Classroom Strategy for teaching selected topics to student
teachers. The investigation was conducted using an experimental technique. The data was
collected using just the Experimental Group design after the test. Purposive sampling was
used to pick twenty-four students who had Environmental Education as a subject and split
them into two groups at random. Twelve students were in each of the experimental and
control groups. Some of the films were created by the teacher for educational purposes.
Some movies were downloaded from YouTube, and there were also written materials
supplied. Cooperative methods such as Think, Pair, Share, group idea mapping, debate,
problem solving, and group discussions were utilized in class .Mean, SD, and the t-test
were used to evaluate the data. The findings indicated that (i) Flipped Classroom Strategies
are successful for teaching environmental education themes to student teachers, and (ii)

student teachers get in-depth understanding of environmental education topics.

Dipti Parida and Atasi Mohanty (2018) investigated the influence of flipped
teaching on students' performance in Indian schools. The study's major goal was to
compare the impact of flipped teaching to standard teaching methods in secondary schools
for English and Odia medium students. The researchers used a pre-post quasi-experimental
design. The study comprised 8th grade Science teaching courses to determine the efficacy

of the techniques. The study's sample consisted of 180 samples that were chosen using



a purposive sampling approach. Statistical approaches such as mean, SD, t —test, ANOVA,

and 2x2x2 factorial ANOVA were used to evaluate the data. The findings were

1. Flipped teaching considerably enhanced students' performance in Science at the

secondary school level, according to the data.

2. Students in English medium schools performed better than students in Odia medium

school.

Discussion :

In recent years, the flipped classroom has become one of emerging technologies in
education and it can be a standard of teaching-learning practice to foster students’ active
learning in higher education (Hamdan, McKnight, & Arfstrom, 2013). The flipped
classroom is an approach to teaching and learning activities where students watch a video
lesson outside the class and have hands-on activities in the class. Halili and Zainuddin
(2015) note that the flipped classroom or reverse classroom is an element of blended
learning, integrating both face to-face learning in the class through group discussion and
learning outside the class by watching asynchronous video lessons and online collaboration.

Flipped classroom is also known as a student-centred approach to learning where the
students are more active than the instructor in the classroom activity. In this case, the
instructor acts as a facilitator to motivate, guide, and give feedback on students’
performance (Sams & Bergmann, 2012). The flipped classroom allows students to watch
the video according to their preferred time and need, and they can study at their own pace;
this type of activity also increases students’ collaborative learning outside the class. Thus,
by flipping the class, the students will not spend so much time listening to long lectures
in the classroom but will have more time to solve problems individually or collaboratively

through with peers.

In implementing flipped classroom, remembering and understanding as the lowest
levels of cognitive domain are practiced outside the class hour (Krathwohl & Anderson,

2010). Few studies focused either on teaching a particular or a combination of language



skills. This indicates that there is ample research gap in the use of flipped method

particularly in India.
Research Gap

(i) Synthesis of Reviews on Flipped Classroom Model in India

The Indian studies reported the following conclusions - According to Dipti Parida and
Atasi Mohanty (2018) found that flipped teaching significantly improved learners’
performance . However, the performance of the English medium students was substantially
better than Odia/Vernacular medium students. The author of Gurpret Kaur (2018) reveals
that gain achievement scores in mathematics taught through the flipped Classroom model
were found significantly higher than that of the problem-solving strategies group.

According to Prabhavathy Amma Pappathy, V.A. and Rexlin Jose, G. (2018) found
that experimental group those who were studied the materials through Mobile Blogging
had high score. Rajendra Prasad, M. and Renukadevi, A. (2016). Further, the researcher
also reveals that the classroom to classroom interactions bring new joyful environment

among the students and encourage them to actively participate in discussions.

According to Mugundan, V. (2018) found that the iPad assisted instruction has a
higher Mean score. Further, this study also recommended iPad assisted instruction is
proved to be more effective compared to the conventional method of teaching. The
investigator Neela Pathare (2018) concluded that Flipped Classroom approach was found
to be effective for teaching the topics in 41 Environmental education to the student teachers
and also the student teachers acquire deep knowledge about the topics in Environmental
Education.

Kombaiah, P. and Lenin, S. (2017) found a significant relationship between the usage
of mass media and performance In the Science of High school students. The investigators
Swati, S. and Divya, K. (2017) Concluded that Flipped classroom approach will help in
increasing the skills of students critical thinking skills, analytical skills, problem-solving
skills, learning skills. The related study of the present research reveals that a smart

classroom improved the achievement of ninth standard students in Science.
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(Thilagavathy, T. and Bala Ayyappan, S. (2017)). Thiyagu, K. (2017) concluded that
Vodcast in learning Mathematics Method students performed better than the traditional

method in their gain scores of learning objectives knowledge and understanding.

(i1) Synthesis of Reviews on Flipped Classroom Model in abroad

The investigators Jdaitawi and Malek (2019) found that the Flipped classroom strategy
can be used to promote self-regulated learning and enhancing students’ social
connectiveness.. According to Bhattacharjee, Suchismita (2019) conclude that flipped
classroom as an effective way forward when combined with a traditional method as adopted
under the hybrid approach.

Amstelveen, Raoul (2019) found that video lectures helped them to learn more
Mathematics. in comparison to learners in the non-Flipped classroom who did not use video
lectures. According to Cheng, Li et al. (2019) concluded that the Flipped classroom
instructional technique is thought to be a good way to structure learning experiences to
enhance students’ learning results. The investigator’s Yu, Zhonggen (2019) found that
Mobile device-aided Flipped English Class (MFC) is profoundly more positive than that in
conventional Video-aided Flipped English Class (VFC). The researchers Cilli-Turner et
al. (2018) reveals that the positive effects on learning and retention rates that active

learning Brings to the classroom.

Winter and Joshua W. (2018) flipped Learning benefits average achieving students
through differentiated instruction. The investigators Nielson, Perpetua Lynne (2018) found
a significant improvement in the students’ performance and course satisfaction with the
flipped classroom. According to Caverly, Gregg (2017) concluded that the flipped

classroom changed their engagement level toward mathematics.

Conclusion : It is difficult to draw any conclusions from these studies. They have been
highly varied in nature. A number of studies as reviewed here have attempted to identify
effect of Flipped Classroom Approach on Academic Achievement. In view of these

remarks it was felt that there was the need for more and more studies to be conducted in
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this area with a new orientation. In India very few studies have been done on the flipped

classroom approach. This is a new concept in India.
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Abstract

Performance study of large area inverted organic photovoltaic (OPV) modules of configuration
ITO/ZnO/PTB7-Th:PC71BM/MoO3/Ag are performed. At laboratory scale 0.06cm? this device
configuration repeatedly demonstrates the power conversion efficiency (PCE) ~ 9 %, which is
within the range of PCE normally achieved for this configuration. The OSMs with active area 9.25
cm’ and 63 cm? are fabricated employing spin coating technique comprising total area 25 cm” (Scm
X 5 cm) and 144 cm? (11cm x 11 cm), respectively. The 25 cm? modules, composed of 5 cells
connected in series shows PCE 3.256%, with short-circuit current (Jsc), open circuit voltage (Voc),
and fill factor (FF), 3.210 mAcm™>, 3.20 V, and 31.719 %. However, The 144 cm? modules,
composed of 10 cells connected in series shows PCE 1.019, Js, Vo, and FF, 0.87 mAcm=>, 420V,
and 27.877 %. The PCE is dropped by 63.89 % for modules of active area 9.25 cm? and 88.68 %
of modules of active area 63 cm>. The PCE of the modules are decreased sharply due to loss in FF,
and Jsc of the modules. These losses are exhibits due to quality of layer morphology, layer
interfaces, and design of module. The PCE could be potentially improved up to the desired value
by the further optimization of layer morphology, layer interfaces, design of module geometry, and
film deposition/printing methods. The results referred that PTB7Th:PC71BM is a splendid structure
for future organic solar modules due to its high performance and compatibility with large area
coatings.

Keywords: Inverted organic solar cell, PTB7-Th:PC71BM, Organic solar modules, Spin coating, Short

circuit current, Fill factor
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1. Introduction

The fast development, industrial growth and extensive usage of electricity consuming devices
across the globe demand energy reservoir. However, extensive utilization of energy causes
depletion of natural resources and increase of global warming (Abdmouleh et al., 2015; Lior, 2008;
Mekhilef et al., 2011; Schnitzer et al., 2007). Solar energy is one of the most potential renewable
energy resources, which can be utilized by direct converting into electricity employing photovoltaic
technology (Aman et al., 2015; Liu et al., 2013; Thirugnanasambandam et al., 2010; van der Staaij
et al., 2021). Several photovoltaic technologies such as based on Silicon (Si), Cadmium Telluride
(CdTe), and Copper Indium Gallium Selenide (CIGS) are competent to full fill the a significant
fraction of this demand. However, these technologies showed hurdle due to high manufacturing
process cost, manufacturing obstacle because of complex chemistry, and environmental concerns
related to Cd in CdTe (Kessler and Rudmann, 2004; Kwak et al., 2020; Lee and Ebong, 2017,
Polman et al., 2016; Ramanujam and Singh, 2017). Organic solar cells (OSCs) technologies
comprising donor and acceptor type of organic semiconductors intermixed to form bulk-
heterojunction (BHJ) have potential to become an alternative photovoltaic technology because of
cost-effectiveness, light weight, mechanical flexibility, and have the competence to manufacture
on the large area (Cheng et al., 2018, 2009; Clarke and Durrant, 2010; Hoppe and Sariciftci, 2004;
Hou et al., 2018; Lee et al., 2015; Yao et al., 2016). There has been immense progress in BHJ
organic solar cells. The PCE of BHJ organic solar cells has been reached up to 18 % (Liu et al.,
2021) because of remarkable progress in donor/acceptor blend materials. However, these
tremendous PCE of OSCs devices would be noted with laboratory scale area (> 1 mm?). The
transformation of laboratory scale area OSCs devices to large area modules with stability and
without significant loss in PCE exhibits a number of challenges. Particularly, deposition of films
accompanied by required morphologies over a large area, optimum designs of device structure,
appropriate processing techniques (Kang et al., 2013; Lim et al., 2017; Tsai et al., 2015).
In the company of various blends employed in BHJ organic solar cells, those consist of Poly([2,6'-4,8-

di(5-ethylhexylthienyl)benzo[ 1,2-b;3,3-b]dithiophene] { 3-fluoro-

2[(2ethylhexyl)carbonyl]thieno[3.4-b]thiophenediyl }) (PTB7-Th) donor materials blended along
with [6,6]-phenyl C71-butyric acid methyl ester (PC71BM) acceptor have demonstrated
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magnificent PCE >10% (Kobori and Fukuda, 2017; Usmani et al., 2021; Wan et al., 2016).
However, the PCE efficiency of these devices is reported for small scale device area. On the other
hand these blend (PTB7-Th:PC71BM) of BHJ OSCs is not more investigated for large area modules.
Hong et al. demonstrated a new modules architecture for making large area modules of blend PTB7-
Th:PC7:BM BHJ OSCs and reported a high module efficiency 7.5% with area of 4.15 cm? (Hong
et al., 2016). Barreiro-Arguelles et al. investigated the OSCs modules performance and stability
with blend PTB7:PC7:1BM as photoactive layer (Barreiro-Argiielles et al., 2018). In this work, we
extended our study of lab scale optimized OSCs devices (0.06 cm” & PCE of 9.0%) with inverted
structure ITO/ZnO/ PTB7-Th:PC71BM/Mo0O3/Ag to large area modules (Usmani et al., 2021). The
organic solar modules based on blend PTB7-Th:PC7:BM are fabricated employing spin coating
techniques. The OPV modules comprising 5 Cells and 10 cells connected in series possessing total
active area 9.25 cm?, and 63 cm? showed the PCE of 3.256%, & 1.019%, which in future could
be further improved by optimizing layer morphology & interface, and processing
techniques. The study stimulate that the OPV modules based on PTB7-Th:PC71BM blend

may be a promising candidate for the large area OSCs applications.

2. Experimental section

2.1 Materials

ITO coated glass substrates with a sheet resistance of 14€)/sq were purchased from Lumtec, Taiwan.
Zinc acetate (99.99% ), 2-methoxyethanol (99.8% ), and ethanolamine (99.0% ) were purchased from
Sigma Aldrich. Poly([2,6'-4,8-di(5-ethylhexylthienyl)benzo[1,2-b;3,3b]dithiophene]{ 3-fluoro-
2[(2ethylhexyl)carbonyl]thieno[3,4-b]thiophenediyl}) (PTB7-Th) and [6,6]-phenyl C71-butyric
acid methyl ester (PC71BM) (PC71BM) were purchased from 1Materials, Canada. 1,8-Diiodooctane
was purchased from Sigma-Aldrich. Chlorobenzene used as solvent in device fabrication process
was purchased from Alfa Aesar. All these commercially available materials were used as received

without further purification.

2.2 Modules design, fabrication, & characterization
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Schematic of inverted ITO/ZnO/PTB7-Th:BC71BM/M00O3/Ag OSC device structure and energy
band diagram shown in figure 1 (a & b), which is followed for the fabrication of OPV modules.
Inverted structure of OPV modules are fabricated on 5cm x 5cm & 11em x 11em ITO coated glass
substrate. Schematic representation of cross-sectional view as well as designs parameters of the
S5cm x S5em OPV module shown in figure 2 (a & b), it comprises 5 cells connected in series. Each
cell has included the size of Scm in width and 3.7 cm in length and each cell is parted by 0.1 cm
space. The total active area is 9.25¢cm”. The OPV module is designed in series to obtain the output
voltage. In a series circuitry, each cell should be worked properly to complete the circuit of the
module. Hereof, to get the maximum performance of the module film and interface uniformity of
each cell is very important. Figure 2 (c) showed the photograph of Scm x 5cm OPV module.
Schematic representation of cross-sectional view as well as designs parameters of the I 1cm x 11em
OPV module shown in figure 3 (a & b), it comprises 10 cells connected in series. One cell of the
10 cell have size of 0.9cm in width and 10cm in length and other 9 cell comprises with size of
0.6cm in width and 10cm in length and each cell is parted by 0.1cm space. The total active area is
63cm’. Figure 3 (c & d) showed the photograph of 11cm x 11cm OPV module and metal mask for
making interconnection, respectively. These designed are selected to perform the study of the given
device structure (Figure 1(a)) with active layer PTB7Th:PC71BM. However, for the commercial
application purpose need to rethink for the design to get the maximum active area and performance

of the module.

Scemx Scmand 10 em x 10 em pieces of ITO coated glass substrate were cut from a large piece
of substrate. First, ITO coated glass substrates were patterned using photolithography technique.
The patterned substrates were ultrasonically cleaned in a boiled soap solution for 10 min, followed
by rinsing and ultrasonication in DI water, acetone, and isopropyl alcohol (IPA) for 10 min,
respectively, followed by drying with nitrogen. Patterned substrates were UV Ozone (UVO) treated
for ~20 min. For the preparation of ZnO films appropriate solutions were spin coated onto patterned
ITO coated UVO treated glass substrates for 60s at 2000 rpm followed by thermal annealing at
250°C for 10 min. Organic photoactive layer solution was prepared by dissolving PTB7-Th (10
mg) and PC71BM (15 mg) in chlorobenzene (970pul) and 1,8Diiodooctance (30 pl). The solution
was stirred at room temperature for 8h and then filtered using 0.22um polytetrafluoroethylene
(PTFE) filter. The deposition of active layer onto ZnO/ITO/glass substrate was performed by spin

coating the solution at 2000 rpm for 15 sec (for the module size: 5 cm x 5 cm) and 800 rpm for
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15sec (for the module size: 11 cm x 11 cm) followed by thermal treatment on a hot plate at 40C for
2 h in nitrogen glove box. Finally, MoOs film of 10 nm thickness to act as hole transporting layer
(HTL) and Ag layer of 100 nm thickness as top metal electrode were thermally evaporated under
high vacuum, respectively. The estimated active area of devices as defined by the overlap of the
anode and cathode was 9.25 cm? and 63 cm>. The current (I) ~Voltage (V) characteristics of the
OPV modules were measured in air using TriSol™ concentrated photovoltaic (CPV) solar
simulator in dark as well as under one sun illumination (simulated solar radiation of AM 1.5G

spectrum).

(b)
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Fig. 1. (a) Schematic of inverted ITO/ZnO/PTB7-Th:BC7:BM/Mo00O3/Ag bulk hetrojunction OSC Device. (b) Energy band
diagram of bulk hetrojunction OSC Device.
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Fig. 2. (a) Schematic illustration of cross-sectional view of series-connected 5 cell of inverted OPV module (Module
size: Sem x Scm). (b) Schematic representation of the module with length, width, & spaced parameters. (¢)
Photographs of 5cm x Scm module.

17



PTB7:Th:PC,,BM
ITO

Glass

Imm 9mm Imm 9mm

Imm O9mm

12mm___lmm 9mp  Imm  9mpy

Syn.Cell 1 SubCell 2 Sub Cell 3 Sub Cell 4 Sub Cell 5 Sub Cell 6

P
) ! Himm 6mm

—A Pkt < Yook PP
mm Smm  2pm Smm ymm SMM  Imm  Smm  py  SmMmM 2mm4mm

N
v

N
—
—
[—J
B
8

()

Fig. 3. (a) Schematic illustration of cross-sectional view of series-connected 10 cell of inverted OPV module (Module size: 11cm x 11em). (b) Schematic
representation of the module with length, width, & spaced parameters. (¢) Photographs of Scm x Scm module. (d) Metal mask for making

interconnection.
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3. Results and discussion

The performance of OPV modules is affected by several factors such as high series resistance, effect
of defective cells, & aperture ratio (A et al., 2009). To examine the performance of organic
photovoltaic (OPV) modules, we fabricated inverted structured modules with configuration
Glass/ITO/ZnO/PTB7-Th:PC71BM/M00O3/Ag with device structure and energy band diagram
(Usmani et al., 2021) shown in Fig. 1(a -b). The photovoltaic performance of OPV modules with
two deferent active area 9.25 cm?* and 63 cm? comprising total area 25 cm? and 144 cm?, under
illumination of AM 1.5G, 100 mW cm™ and under dark is shown in Figure 4 (a-b). The photovoltaic
performance of OPV modules with varying active area is summarized in Table 1. OPV modules
with active area 9.25 cm? are characterized by the following average photovoltaic performance
parameters (from three samples): short-circuit current density (Js) of 2.88 mA/cm?, open circuit
voltage (Voc) of 2.85 V, fill factor (FF) of 0.30 and power conversion efficiency (PCE) of 2.53%.
The OPV module with active area 63 cm?shows short-circuit current density (Js) of 0.87 mA/cm?,
an open-circuit voltage (Vi) of 4.2 V and a fill factor (FF) of 0.27, leading to PCE of 1.01%. As
we observed (Table 1) that the average photovoltaic performance of small active area (0.06 cm?)
devices are comparable to the PTB7-Th:PC71BM blend based organic photovoltaic devices
(Usmani et al., 2021). However, when the active area scaled up ~ 154 times (to 9.25c¢cm?) and 1050
times (to 63 cm?), there is notable decrease in the PCE of OPV modules leading to an average value
of 2.53 % and 1.01% (table 1). These values are approximately 27% (for 9.25cm?) and 10% (for
9.25¢m?) of PCE value corresponding to devices with 0.06cm?” active area (Figure 5b). In the same
way, the values of Ji. were reduced approximately 15% & 4% (Figure 5a), and FF values
approximately 49%, and 45%, respectively (Figure 5b). The deficiency in PCE of OPV module
with large active area is mainly concerned to the decrease in FF and Js. The main reason in
reduction of FF with increasing active area of the OPV modules is effective contribution of series
resistance from ITO (Jeong et al., 2011; Xiao et al., 2016). However, The losses in current density
(Jsc) is attributed to non-uniformity in morphology and thickness of the OPV modules with large
area (Agrawal et al., 2016; Jeong et al., 2011). Vo is not the function of active area of the devices.
The Voc of the OPV module is the addition of the subcells Voc. On the contrary, the Voc values of
the increased number of subcells showed less advancement (Table 1 & Figure 5(a)). The values of

Vo is related to the junction properties of the donor and acceptor layers, and work function of
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cathode and anodes (Brabec et al., 2002; Cheyns et al., 2008; Mihailetchi et al., 2012). The present
study noticed that controlling the series resistance, uniformity in morphology and thickness across

the entire active area is crucial to retain the higher efficiency demonstrated by small area devices.
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Fig. 4. (a) J-V curves of OSMs based on ITO/ZnO/PTB7-Th:PC;BM/Mo0Os/Ag inverted structure with active area
9.25 cm” and 63 cm? under illumination of AM 1.5G, 100 mW c¢m>. (b) J-V characteristics curve of OSMs under

dark condition.

Table 1

Photovoltaic performance of OSCs devices based on ITO/ZnO/PTB7Th:PC7;BM/Mo0O3/Ag structure with varying
active area under the illumination of AM1.5G, 100 mWecm?. Numbers in parenthesis represent the average value of 6
tested devices for 0.06 cm?, 3 tested devices for 9.25 cm?, and one device for 63 cm’. The values out of the parenthesis
represent the device with the best performance.
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Active Voc Y FF PCE R, (Q- R Ref.
Area V) (mAcm™) (%) (%) cm?) (Qcm?)
(cm?)
19.3 61.8 9.55
s sl (19.0:02) | (61.0:09) | 931=028) | 33 | 3333 |27
3.20 3.210 31.719 3.256
L (2.85+0.312) | (2.886+0.359) | (30.48+1.081) | (2.531+0.641) Y1870 | 88.967
63 4.2 0.87 27.877 1.019 32.594 62.35
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Fig. 5. (a) V,. and J,. curve with variation of active area. (b) PCE and FF curve with variation of active area.

4. Conclusions
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In conclusion, the photovoltaic performance of PTB7-Th:PC71BM based large area OPV modules were
studies when the active area is scaled from 0.06 cm? to 9.25 cm? and 63 cm?. PCE of the 5-cell and 10-
cell modules were 2.53% and 1.01% with active area 9.25 cm® and 63 cm?’. These values were 27% and
10% of PCE value corresponding to devices with 0.06 cm? active area. the present study noticed that
controlling the series resistance, uniformity in morphology and thickness across the entire active area is
crucial to retain the higher efficiency demonstrated by small area devices. However, it is possible to
improve fabrication conditions and reduce series resistance from ITO to get the better performance from

PTB7-Th:PC71BM based OPV modules.
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