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Message from
the Director
Welcome to the 5th issue of the KAUST Solar Center Newsletter!

As we enter a new decade, the KAUST Solar Center continues to focus our
efforts on aligning with the renewable energy ambitions of the Kingdom’s
Vision 2030. We have already hosted our first KSC Winter School, which provided a broad understanding of both fundamental and applied photovoltaics
to early stage personnel working in industrial and government sectors across
the Kingdom. The specially designed series of lectures, including extensive
hands-on training in KSC labs were presented by KSC faculty and researchers,
covering topics including: fundamentals of photovoltaics (PV), performance
overview of existing PV technologies, high-efficiency silicon solar cells, solar
module and emerging solar technologies. A great response was received
from our participants, and we look forward to more frequent events such as
this throughout the year.
It has also been a busy time for our expanding outdoor testing facilities. In
support of the ramp-up of solar power installations in the Kingdom, a more
detailed understanding of the effect of the local climate on module efficiency and lifetime is necessary. This can help identify the most appropriate
materials, cell and module design for solar panels, as well as give guidance
for the solar industry, policy makers and investors on, for example, predictions of the levelized cost of electricity, required for supplier warranties. Our
center is engaged in these efforts, investing in photovoltaic outdoor testing
from lab-scale to commercial modules, in partnership with several national
and international solar manufacturers, to allow us to study PV technologies
suitable for the local climate, create a library of lifetime data sets for a range
of PV technologies, identify degradation “weak spots” within modules, specific to the local climate, and ultimately develop solutions to improve climate
resilience.

Iain McCulloch,
Director of KAUST Solar Center
Professor of Chemical Science

As usual, we hope you enjoy a glimpse of the research and technology highlights of our center, and we look forward to engaging with as many of you as
possible in the coming year.

KSC Principle Investigators
Iain McCulloch, Director, KSC
Professor of Chemical Science
Frédéric Laquai. Associate Director, KSC
Associate Professor of Material Science &
Physics
Thomas Anthopoulos
Professor of Material Science & Engineering
Derya Baran
Assistant Professor of Material Science &
Engineering

2 | Message from the Director

Stefaan De Wolf
Associate Professor of Material Science &
Engineering
Udo Schwingenschlogl
Professor of Material Science & Engineering
Vincent Tung
Associate Professor of Material Science &
Engineering
Muhammad M. Hussain
Professor of Electrical Engineering
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Partners

Organic Photovoltaics from KSC enable solar
panels to be used as innovative design
features
In recent months, two outdoor furniture installations
have arrived on the KAUST campus. Both pieces
incorporate flexible, lightweight and semi-transparent
solar energy conversion technologies to demonstrate
the dual design and functional possibilities that can
be achieved with the organic photovoltaics being
developed by KSC and our collaborators.
The first piece is a new, urban, seat sporting a futuristic
design and providing an autonomous source of
renewable solar energy. It was produced in collaboration
with ARMOR, a global technology company and pioneer
of solar solutions, by printing semiconducting inks
co-developed by researchers at KSC onto plastic film,
creating ASCA® photovoltaic film, a cost-effective
technology for future mass production. Unlike
traditional solar panels that have the disadvantage
of being rigid, the ASCA® film is lightweight, semitransparent and flexible, enabling it to take on complex
shapes such as the curved features of this helical bench
designed by Métalobil sarl.
The seat enables an occupant to stretch out comfortably
and charge a device thanks to solar energy. Once this
solar energy is collected, it is stored in batteries in the
seat that power two USB ports. The ASCA® photovoltaic
film also acts as a sensor, detecting falling light and
automatically switching on the bench lighting, powered
by the energy stored in the batteries.
“One of the unique properties of organic photovoltaics

(OPV) is their semi-transparency, and the ability to
adjust the absorption window, by engineering the
band gap of the absorber. These characteristics lead to
many new opportunities for applications in building
integrated photovoltaics (BIPV) such as glass windows,
greenhouses, architectural structures or even as we see
here, a solar bench for KAUST campus,” says Dr. Derya
Baran, Assistant Professor of Material Science and
Engineering at KAUST.
This partnership between KAUST and ARMOR goes
further than simply a technical project. All the energy
data collected is remotely monitored and available
to ARMOR and university researchers, enhancing the
understanding of how the ASCA® module performs
in a very hot and humid climate, which may provide
additional insights for solar innovation.
“KAUST Solar Center is committed to demonstrating
the utility and translational impact of the technology
we develop. This collaboration with ARMOR, facilitated
through funding from the KAUST Office of Sponsored
Research, gave us the opportunity to evaluate the
potential of our new materials and fabrication processes
in an industrially viable context,” says Professor of
Chemical Science, Iain McCulloch, Director of KSC.
The second installation is a photovoltaic palm tree
designed and manufactured by SUNEW, Brazil. The
palm tree branches again comprise a new generation of
flexible organic photovoltaic solar panel produced by
Partners | 3
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printing semiconducting inks onto
plastic film. The electricity that is
produced by these panels is stored
in a battery to power several USB
ports around the bench.
The KAUST Solar Center sponsored
this solar palm tree installation as
a symbol of Saudi Arabia’s drive for
a carbon neutral future, utilizing
renewable energy powered by the
world’s most abundant source
of energy: the sun. Located on
KAUST’s autonomous bus route, this
innovative bench provides the ideal
waiting area on KAUST’s evolving
smart campus.

The solar palm tree provides energy to charge devices via USB hubs while providing seating
on the route of KAUSTs self-driving vehicles.

Research Highlight

17% Efficient Organic Solar Cells Based on
Liquid Exfoliated WS2 as Replacement to
PEDOT:PSS — By Yuanbao Lin
Yuanbao Lin joined KAUST in August 2018 as a Ph.D.
student in the Laboratory of Advanced Materials &
Applications (LAMA) group, headed by Prof. Thomas
D. Anthopoulos, within the KAUST Solar Center. He
obtained his MS and BS degree from Jinan University,
China. His research focuses on organic solar cells with
emphasis on performance enhancement.

Organic photovoltaics (OPVs) have received
tremendous attention in recent years due to their
numerous attractive attributes including high power
conversion efficiency (PCE), mechanical flexibility, and
semitransparency. Recent work within the LAMA group
estimated that nonfullerene acceptor (NFA)-based bulk
heterojunction (BHJ) OPVs can potentially reach PCE
values in excess of 20% and 25% for single-junction
and two-terminal tandem cells, respectively, if certain
material and device criteria are met.
One such criterion is the carrier-selective charge
transport interlayers, used to optimize the extraction
of photogenerated carriers from the BHJ. A consensus
on the criteria for optimal interfacial layers concerns:
(1) good solubility or dispersity to guarantee smooth
film formation; (2) suitable energy levels to align with
those in the bulk heterojunction (BHJ) materials; (3)
wettability of the layer beneath so as to avoid the
formation of defects such as pin holes etc. To date,
there are numerous electron-transporting layers
(ETLs), such as ZnO, LiF, and PFN-Br, which have been
successfully employed in efficient OPVs.

Laboratory of Advanced Materials & Applications (LAMA) group
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Unfortunately, this is not the case for hole-transporting
layers (HTL), where progress has been limited with
only a handful of materials available. Currently, the
conductive doped polymer PEDOT:PSS is the most
widely used HTL in OPVs - particularly in standard cell
architectures. However, PEDOT:PSS is highly hygroscopic
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and acidic, which contributes to the
degradation of the commonly used
transparent conductive electrode
material, indium tin oxide (ITO).
Having identified the distinct lack
of HTL as a serious technology
bottleneck, early work focused
on the study of alternative HTLs
and their possible application as
a replacement to PEDOT:PSS in
Figure 1. Schematic illustration of the deposition of WS2 HTL onto the substrate via spinhigh efficiency OPVs. One such
coating, and the structure of OPV with WS2 HTL.
candidate family of materials
that was investigated was the
low-dimensional transition metal dichalcogenides (TMDs) prepared via liquid phase exfoliation (LPE) by Begimai
Adilbekova, a fellow PhD student within the LAMA group. Although the LPE method is known to yield materials of
variable structural quality, the ability to process the exfoliated two-dimensional (2D) flakes directly from solution,
facilitated their simple incorporation into OPVs. The 2D nanosheet suspensions were spin-coated directly onto ITO
without any further treatment. The quality of the formed TMD-based layers was investigated via energy dispersive
X-ray spectroscopy (EDX) measurements which also confirmed the presence of the TMDs. Of particular interest
were layers of WS₂ nanosheets which appeared to fully cover the surface of ITO, making it a primary candidate for
application in OPVs.
Suitable energy levels is another key parameter of an interfacial layer material. With the help of another LAMA
member, Dr Hendrik Faber, the team was able to determine the work function of ITO before and after deposition
of the HTLs, using Kelvin probe technique. The results indicated a shift in the work function of ITO when WS₂ was
deposited on top. This finding proved critical as it demonstrated the ability of solution-processed TMD nanosheets
to alter the WF of the ITO electrode.
The liquid phase exfoliated TMDs, and in particular WS₂, appeared rather promising for use as HTL in OPVs. To
test this hypothesis, standard structure BHJ cells with WS₂ as the HTL were fabricated (Figure 1). OPV cells made
using the binary PBDB-T-SF:IT-4F blend as the BHJ system and PEDOT:PSS as the HTL, showed a maximum PCE of
13.1%, short-circuit current density (JSC) of 20.2 mA/cm², open circuit voltage (VOC) of 0.90 V, and a fill factor (FF)
of 0.72. When WS₂ was used as the HTL, the PCE increased to a promising value of 13.5%. The latter improvement
was accompanied by a higher JSC (20.6 mA/cm²), an improved FF (0.74), and a slightly reduced VOC (0.88 V). Analysis
of the cells’ optical and current transport characteristics indicates that the enhanced performance is most likely
attributed to a combination of favorable photonic structure and reduced bimolecular recombination losses in WS₂based cells.
In our effort to push the PCE of our solar cells even higher, with the support of Dr Yuliar Firdaus, the optimized
WS₂ HTLs were combined with other best-in-class BHJ systems to form functional OPVs. Donor-acceptor blends
consisting of PBDB-T-2F:Y6 and PBDB-T-2F:Y6:PC71BM were chosen as the best candidates to form the photoactive
BHJ layers. Pleasingly, the resulting OPVs exhibited significantly improved photovoltaic performance as compared to
control cells based on PEDOT:PSS. Of particular interest are cells based on the ternary blend PBDB-T-2F:Y6:PC71BM
which yielded a maximum PCE value of up to 17%. The latter stands among the highest efficiencies reported to
date for single-junction OPVs and the highest for cells comprising 2D materials as interfacial layers (Figure 2). The
work paves the way to a cost-effective HTL technology for application in 3rd generation OPVs.

Figure 2. J-V curves of OPVs based on
PBDB-T-2F:Y6:PC71BM with different
HTLs, and a comparison of the
performance with previously reported
OPVs with 2D material interfaces.
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Advancing 2D transition metal dichalcogenides
for next-generation electronics and
optoelectronics — Areej Aljarb
Areej Aljarb

Areej Aljarb is a fifth year Ph.D. student in
KAUST’s Material Science and Engineering program. She
received her bachelor and master’s degrees from the
Physics department at King Abdulaziz University (KAU) in
2009 and 2012, respectively. Concurrent to her master
degree course and until 2014, she worked as a lecturer
at KAU, building a solid foundation of semiconductor and
condensed matter physics.
When KAU arranged a visit to KAUST in 2012, Areej, who
is a native of Saudi Arabia, was surprised by the cultural
diversity and was equally impressed by the stellar list of
faculty members and array of state-of-the-art facilities.
The visit not only opened her eyes to the fact that she
can have an experience similar to studying abroad while
being here in Saudi Arabia but sparked her determination
to pursue her scientific dream. In 2015, she joined KAUST
as a Ph.D. student to further expand her knowledge in
applied physics.
As a member of the KAUST 2D Materials Research Lab,
led by Prof. Vincent Tung, Areej’s research interests are at
forefront of emerging 2D transition metal dichalcogenides
(TMDs), focusing on synthesis of large area 2D materials
through the use of chemical vapor deposition (CVD) with
control over crystallinity, doping, location, contact and
transferring.
“The pursuit of a Ph.D. degree can be divided into two
equally important stages: (a) take stock, and (b) take
action, respectively” says Areej.
“In the former case, as a Ph.D., we always have to take
stock: Are we in the right team with the right skills,
attitudes, and the right structure? As a curious and
motivated individual, exploration and discovery have
always been my passion, so I decided to pursue my
6 | KSC Research Highlights

research direction in an area that aligns my passion
for science with a prosperous career direction, density
function theory (DFT).”
In her initial year Areej worked under the supervision
of former KAUST Professor Jean-Luc Brédas, developing
computation modeling. She then transferred to the
research group led by KAUST Professor Lain-Jong Li, who
is now serving as a Director of Corporative Research at
Taiwan Semiconductor Manufacturing Company, TSMC.
Under Prof. Li’s guidance, Areej quickly evolved into a
strong Ph.D. candidate and contributed to the synthesis
of many 2D TMDs, as is evident from her multiple
publications and conference presentations. Notable
examples include the first demonstration of large area
growth of MoS₂ with high mobility and crystallinity on
economically viable sapphire substrates.
2D TMD semiconductors are important for nextgeneration electronics and optoelectronics. Given the
difficulty in growing large single crystals of 2D TMDC
materials, understanding the factors affecting the seed
formation and orientation becomes an important issue
for controlling the growth. In this seminal discovery, Areej
systematically studied the growth of the molybdenum
disulfide (MoS₂) monolayer on c-plane sapphire with
chemical vapor deposition (CVD) to discover the
factors controlling their orientation. Specifically, the
concentration of precursors, that is, the ratio between
sulfur and molybdenum oxide (MoO₃), plays a key role in
the size and orientation of seeds, subsequently controlling
the orientation of MoS₂ monolayers. This report, which
was published in ACS Nano(1) and later included in ACS
Chemical Reviews(2), offers a facile technique to grow
highly aligned 2D TMDs and contributes to knowledge
advancement of growth mechanisms.
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Areej then moved to the research group led by Prof. Xixiang Zhang, an esteemed physicist in ferromagnetic and
spintronic engineering, for nearly 11 months before continuing her studies under the guidance of Professor Vincent
Tung, following his arrival at KAUST in 2019.
This marked an important turning point in her Ph.D. career. “After becoming a Ph.D. candidate, we need to take action
on aligning and mobilizing the new research initiatives toward stellar research activities in a timely fashion” she says.
Under Prof. Tung’s supervision, Areej has further extended her research toward exploring epitaxy, the growth of a
single crystalline material on a substrate, that has primarily sustained growth in the semiconducting industry but
the prerequisite for lattice matching between the material and underlying substrate has curbed material selections
and thus the escalating capital costs have been incurred. This stringent constraint has been mediated for van der
Waals epitaxy, where epitaxy on 2D layered materials is relaxed by weak van der Waals interactions. Specifically,
Areej is exploring novel material growth concepts, “Remote epitaxy” and “Slippery surface” (in collaboration with
Prof. Jeehwan Kim at MIT) coupled with a new epitaxial growth enabled by the recent advances in CVD, allowing the
stitching of disparate atoms from both metals and chalcogenides to form a single layer sheet with crystallographically
ordered arrangement, as well as concurrent and location selective growth of dissimilar TMDs. While these pioneering
works will take time, the maturing of these advances will bring 2D TMD materials to a tipping point, where they will
be ready to emerge from their niche status and become not only a viable alternative to conventional silicon but also
an enabling material platform beyond semiconductors.
“My KAUST experience has been a valuable opportunity,” noted Areej. “Throughout my time here, I’ve greatly benefited
from the knowledge of Prof. Lance Li, Prof. Xixiang Zhang, Prof. Vincent Tung and other faculty members at KAUST
Solar Center. I encourage my fellow students to take advantage of what the University and KAUST Solar Center offer
and to learn as much as possible.”
References: (1) ACS Nano 2017, 11, 9, 9215-9222; DOI: 10.1021/acsnano.7b04323; (2) Chem. Rev.
2018, 118, 13, 6134-6150; DOI: 10.1021/acs.chemrev.7b00212

Congratulations!

Recent Ph.D. Graduates
Ahmed Balawi
Dr. Ahmed Balawi defended his Ph.D. dissertation entitled ‘Photophysics of Organic Molecular
Systems - A Study of Excited State Dynamics’ under the supervision of Associate Prof. Frédéric
Laquai.

Dounya Barrit
Dr. Dounya Barrit defended her Ph.D. dissertation entitled ‘In situ Investigation of the Effect of
Solvation State of Lead Iodide and the Influence of Different Cations and Halides on the TwoStep Hybrid Perovskite Solar Cells Formation’ under the supervision of Prof. Thomas Anthopoulos.

Jan Kosco
Dr. Jan Kosco defended his Ph.D. entitled ‘Organic Semiconductor Nanoparticle Photocatalysts for
Hydrogen Evolution from Water’ under the supervision of Prof. Iain McCulloch.

Ming-Chun Tang
Dr. Ming-Chun Tang defended his Ph.D. entitled ‘Hybrid Lead Halide Perovskite and BismuthBased Perovskite-Inspired Photovoltaics: An In Situ Investigation’ This work was supervised by
Prof. Thomas Anthopoulos.

Xin Song
Dr. Xin Song defended his Ph.D. entitled ‘Performance Evolution of Organic Solar Cells Using
Nonfullerene Fused-Ring Electron Acceptors’ under the supervision of Assistant Prof. Derya Baran.

Ph.D. Graduates | 7
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Interview with Professor Frédéric Laquai
Frédéric Laquai studied Chemistry at the Universities of Oldenburg, Marburg, and Cambridge
(UK) and graduated with a diploma degree in Physical Chemistry from the University of Marburg,
Germany, in 2003. Thereafter, he joined the Max Planck Institute for Polymer Research (MPIP)
in Mainz, Germany, and received a doctoral degree in Physical Chemistry from the University
of Mainz in 2006. He continued his career as a Research Fellow at the Cavendish Laboratory in
Cambridge (UK) and in 2008 he moved back to the MPIP as Max Planck Research Group Leader.
In 2015 he joined KAUST as Associate Professor of Material Science and Physics. Since June 2016
he has been the Associate Director of the KAUST Solar Center (KSC). He has co-authored more
than 140 peer-reviewed scientific publications and 3 book chapters.

Can you briefly describe the subject of your PhD
research?
My PhD dissertation was about energy and charge
transfer processes in organic semiconductors. In fact,
the topic is related to my current research interests,
just that at the time of my PhD, I studied materials for
different applications such as organic light emitting
diodes (OLEDs) and optically-pumped polymer thin film
lasers.
What lead you to enter academia?
I have always had a passion for sciences, specifically
Chemistry and Physics. Early in my childhood, I decided
that I wanted to study sciences and later during my
graduate and doctoral studies, I concluded that I would
like to stay in academia. I have never regretted that
decision, as it has allowed me to dive deeply into many
interesting research questions, not necessarily leading
to an immediate application but satisfying the thirst for
understanding a complex problem from many different
angles.
When and how did you first become involved with
KAUST?
I heard about KAUST for the first time from a former
KAUST Material Science and Engineering (MSE) faculty
colleague, who presented a seminar at the Max Planck
Institute for Polymer Research in Mainz, Germany, where
I previously worked as a Max Planck Research Group
Leader. Later on, I started collaborating with KAUST
faculty in the Solar Center and became more and more
interested in the opportunities KAUST has to offer. When
a position was advertised at KAUST that fit my research
interests, I did not hesitate to apply and, fortunately, I
was offered a position as Associate Professor in the MSE
program.
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Please tell us about your current research interests?
My group studies efficiency-limiting (photo)physical
processes in organic, hybrid, and inorganic materials
for solar energy conversion. This includes photoinduced energy and charge transfer processes in solar
cells, photocatalytic water splitting, and artificial
photosynthesis, that is, photocatalytic carbon dioxide
reduction. As part of the Solar Center, my group
has been developing new, and advancing existing,
spectroscopy techniques over the past years, spanning
from ultrafast (femtosecond) to steady-state optical and
electro-optical spectroscopy.
You are currently working within KSC on collaborative
projects. What is the role of your research group in
these projects?
Within the Center Applied Research Funding (CARF)
projects, the participating research groups all work
towards a common goal, typically linked to an
immediate application. My group contributes to the
projects by in-depth studies of photophysical processes,
those that often limit the efficiency, for instance in
devices. We aim to reveal those processes to provide
feedback to the participating research groups working
on material development and device optimization for
faster and guided design of new materials and device
concepts.
What external collaborations are you involved in?
There are several, an important one is the collaboration
with the group of Dr. Denis Andrienko. He participated
in KAUST PSE Division’s Visiting Faculty Program
in 2018/19 and works at the Max Planck Institute
for Polymer Research in Mainz, Germany. His group
provides important theoretical insights into the physical
processes we observe by spectroscopy within the OSRfunded CRG7 project that my group leads. However,
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we have several other ongoing collaborations: Just to
name a few project partners, we collaborate closely and
have recently published together with the groups of Ted
Sargent (University of Toronto), Dieter Neher (University
of Potsdam, Germany), Brian Collins (Washington
State University, USA), Philippe Blanchard / Clément
Cabanetos (University of Angers, France), Martijn
Kemerink (Linköping University), and René Janssen (TU
Eindhoven)
How does your position at KAUST support your short
and long term research goals?
KAUST is a great place to do research. We are blessed
with state-of-the-art equipment and generous financial
support, unlike many other universities and research
institutes around the globe. Reality in many other
places is that, in particular, junior faculty struggle
to get funding and to find positions that come with
sufficient baseline support to further their research.
Yet, that is certainly not all: The Center, together with
its faculty members, offers a unique environment for
my research. I have the pleasure of working daily with
colleagues who have complementary research expertise
and who are renowned experts in their fields. As my
group’s main expertise is optical and electro-optical
spectroscopy, we very much rely on collaborating with
groups that develop novel materials or processing
schemes; can make high-efficiency devices for our
experiments; or provide additional theoretical insight
into the processes we study.
What research would you still like to accomplish in the
future?
Most of my research has been in the field of
photovoltaics and around the photophysics limiting
the device efficiency, specifically of organic solar cells.
However, recently we have also started to look into
photocatalytic processes, for instance in light-driven
chemical reactions, proton reduction, and artificial
photosynthesis, that is carbon dioxide reduction and
solar fuel generation. Those are still much farther from
practical application and often very complex and thus
still require a lot of fundamental research, not only
to understand the processes, but also to enhance the
efficiencies and to evaluate the potential for practical
application.
What advice do you have for young scientists?
Follow your own interests and make decisions for
your future based on what you think is best for you.
It is certainly good to ask your peers for advice, yet
ultimately the decision is yours. Even if it turns out to
be not the best decision ever, it is important to make
a decision and remember that at the time you took it
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you had a good reason to do so. That does not mean
you should stick to it forever though, if it turns out that
your interests have changed.
What do you like to do beyond research?
Several years ago, I became a private pilot for small
single engine airplanes and since then I enjoy flying
whenever I get the opportunity. Furthermore, I like to do
sports such as running, cycling, and strength training.
Since I have come to KAUST, I started gardening, yet I
have not managed to reach the level of proficiency of
some of my esteemed faculty colleagues ;-)
What was your motivation to join KAUST?
Primarily, the opportunity to work with excellent
support on challenging research questions in a
multinational environment together with experts from
many different research areas. However, KAUST is much
more: it is a unique place, which not only provides
excellent research opportunities, but also the support
and infrastructure you need for your daily life, all in a
compact area. It takes me 5 minutes at most to come
to work; my family has the privilege to enjoy a spacious
house with large garden close to the Red Sea; daycare
is close-by and provides excellent facilities and support;
and many more small things that make your life easy.
Please tell us about your five year scientific vision.
In five years from now, we will have witnessed the
commercialization of high-efficiency organic solar cells;
we will know if perovskites can deliver on the promises
they have made and we will use solar-energy to
regenerate fuels from carbon dioxide, bringing us closer
to a carbon-neutral or even carbon-negative society.
What do you see as significant challenges and how will
you address them?
The increasing energy demand of an ever-growing
population that requires food and fresh water to
survive; staying healthy and enjoying a high quality of
life even when elderly; reducing our carbon footprint,
limiting global warming and its inadvertent side effects;
job creation and education in new areas, as automation
and technological development will make certain jobs
redundant. Those are only some of the challenges,
of course. I see our contribution to addressing those
challenges not only in the scientific knowledge we gain
through research and development, but also in the
education of the next generation of researchers that
will continue to address the above and most likely new
challenges as well.
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TKS Sci-Café Panel (l-r): Emma Nason, Eloise Bihar, Daniel Corzo, Georgios Zapsas and Bruno Pulido

Sci-Café TKS: A discussion on how to use
plastics “smart” — Daniel Corzo
Sci-Café is a monthly event held at KAUST to provide the wider KAUST community with the opportunity to ask a
moderated panel of KAUST researchers questions about their science. This format was recently extended to include
the TKS Sci-Café, with a panel of KAUST Ph.D. students and researchers answering questions about their research,
fielded by students of The KAUST School. In addition to the traditional panel-style format of the university SciCafé, the school version includes several demonstrations and interactive activities designed to engage the audience
members and provide an opportunity for them to appreciate the exciting and stimulating work that is being done
on campus. KSC PhD student, Daniel Corzo was one of the panel members and reports here on his experience.
We use plastics for nearly everything, ranging from
food packaging to medicine. The misuse and overuse
of several kinds of plastic has been linked to severe
pollution, ecological damages and even health-related
problems. There is an inherent need to reduce singleuse plastics; however, we need to acknowledge that
due to the infinite number of ways that we use plastics,
they will continue to be part of our lives.
“Smart plastics” was the focus of this second edition
of Sci-Café TKS, where the Office of the Vice President
for Research teams up with The KAUST School (TKS) to
bring science research from the KAUST campus to TKS.
During the event, a panel comprising myself and three
other KAUST researchers shared a little of our expertise
on the topic and provided a platform for the school’s
students to explore some of the valuable applications
enabled by the use of plastics. Our multidisciplinary
panel included researchers at different stages in our
careers: Georgios Zapsas, a research scientist whose
research focuses on the synthesis and characterization
of the different properties of polymers; Bruno Pulido, a
recent Ph.D. graduate, whose research focuses on using
10 | Outreach

recycled PET to fabricate membranes; Eloise Bihar, a
postdoc whose research focuses on printed biosensors;
and me, Daniel Corzo, a second year Ph.D. student,
whose research focuses on printed solar cells and a
variety of electronics.
Our moderator, Emma Nason, TKS Head of Science,
started by connecting the previous Sci-Café TKS topic
“Marine pollution and plastics” with the topic of our
event. The idea was to carry on the conversation of the
first event, which focused on the problems associated
with plastic, by talking about the value of plastics.
Georgios explained how polymers consist of a chain of
similar units bonded together. He used colored beads
that join together to visually demonstrate the synthesis
of monomers into polymers and explained terms, such
as “backbone” and “sidechain.” He also explained that
by changing the order of the different monomers, we
can tune the physical properties of polymers, such as
resilience, rigidity and flexibility, to tailor them for
specific purposes.
We discussed how the tunability of polymers allows
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us to use them in applications beyond simple plastic
packaging. For instance, Bruno explained that the low
melting point of PET permits it to be upcycled into
membranes that can be used as a cheaper alternative
for liquid separations, such as those used by industry.
Eloise and I explained that because the molecular
structure of polymers determines their electronic
properties, we can use them to create conducting and
semiconducting materials that are lightweight and
tune their physical properties for use in a variety of
applications, including as semitransparent, energygenerating windows in buildings or as biological
sensors.
Each of us talked about plastics and polymers from
a different perspective. We illustrated our research
with the samples we brought to the event. Bruno
demonstrated the instant solidification of PET in water,
while I presented an energy-generating inkjet-printed
polymer solar cell in the shape of a marine turtle,
and Eloise passed around inkjet-printed glucosemonitoring sensors. Together, we explained how the
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many advantages of polymers have made them integral
to our daily lives. I particularly enjoyed the excitement
of the students as they posed their questions about the
potential for printed polymer solar cells to generate
energy. They certainly hit the mark when they asked
us about the potential to integrate these electronic
components to create fully working prototypes,
something our lab group members often discuss.
We also discussed some of the challenges related to
polymers that need to be addressed, including the
proper handling of materials and waste upcycling and
the potential of synthesizing biodegradable polymers.
Finally, we wrapped up by sharing some of our plans
for our future research and careers in academia,
entrepreneurship and industry. The overall experience
as a panelist was exciting, seeking to inspire the
younger generation and to be amazed by their thoughtprovoking discussions.

Research Highlight

Design and Synthesis of Novel Semiconducting
Polymers for Field Effect Transistors — Hu Chen
Dr. Hu Chen was born in Hunan, China, and received
his Ph.D. degree from Peking University in 2014. He
then joined Prof. Iain McCulloch’s research group
within KAUST Solar Center as a postdoc and in 2019
was promoted to the position of Research Scientist. His
research focuses on the design and synthesis of novel
materials for OLED, OFET and OPV.

Over the past two decades, π-conjugated organic
semiconductors have attracted attention from both
the academic and industrial communities, due to their
advantages compared to their inorganic counterparts
such as tunability in structural modification, solution
processability, low cost and potential for large area
device fabrication. The field-effect mobility ( μ ), which
is the main device-related figure of merit of an OFET,
Scheme 1. Four
different ways to
modify the IDT-BT
polymer
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Dr. Hu Chen

has increased from less than 0.1 cm2 V–1 s–1 to exceed the benchmark of thin-film amorphous silicon devices (0.5–1
cm2 V–1 s–1), ow over 3 cm2 V–1 s–1 for both polymers and small molecules.
In recent years, Indaceno[1,2-b:5,6-b’]dithiophene (IDT) based small molecules, such as rhodaninebenzothiadiazole-coupled indacenodithiophene (IDTBR), have been commonly used as non-fullerene acceptors for
organic solar cells with high power conversion efficiencies.
Indaceno[1,2-b:5,6-b’]dithiophene (IDT) based copolymers with 2,1,3-benzothiadiazole (BT) are a prominent
example of materials that are characterized by low energetic disorder, excellent solution processability and high
charge carrier mobility in p-type devices. The IDT unit has a rigid, fused-ring molecular structure due to the
bridging sp3 carbon atoms, which also help to confer solubility and reduce the tendency to π-stack, resulting
in lower degrees of crystallinity. It is believed that the non-traditional hydrogen bonding interaction between
the nitrogen of the BT unit and the IDT hydrogen α to the IDT-BT backbone leads to a high energetic barrier to
backbone torsion and then contributes to the high charge carrier mobility.

Scheme 2.
Performance of
TIF-BT compared to
IDT-BT
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A lot of work has been done to modify the structure of IDT-BT since it was reported as a p-type semiconducting
material with high charge carrier mobility. Generally speaking, there are four different ways to modify the wellknown IDT-BT polymer: 1) Extending the size of the donor unit; 2) Modifying the alkyl chains; 3) Replacing the sp3
carbon to the heavier atoms; 4) Changing the acceptor unit (Scheme 1). Among them, extending the backbone of
the donor unit was proved to be the most promising way to increase the performance of the material.
Our first work on modification of IDT-BT is extending the aromatic core of IDT to form the TIF repeat unit
synthesized by an intramolecular palladium catalyzed C-H cyclization strategy, alternating copolymer with the
comonomer units BT. Similar to IDT-BT, TIF-BT does not exhibit extensive thin-film microstructural order, with
charge transport expected to proceed predominantly along the polymer chain with few interchain hops. We
clearly find that TIF-BT performs better than IDT-BT in that it exhibits a higher ON current and indeed our mobility
estimate of 2.8 cm2 V−1 s−1 for TIF-BT represents a robust performance figure (Scheme 2).
This work gave us confidence that extending the backbone of the donor unit of IDT-BT contributed to an increased
charge carrier mobility of the polymer. Then another challenging question arose: Could we further extend the
backbone, for example, with another two thiophene rings inserted into the back bone of the TIF unit? After
carefully design and a lot of synthetic work, we eventually made the TBIDT unit using an acid-promoted cascade
ring closure strategy. Surprisingly however, the TBIDT-BT polymer exhibited an average mobility of 0.9 cm2 V−1 s−1 in
OFET devices, which is in fact lower compared to the IDT-BT polymer (Scheme 3).
We then went on to explore the reason behind this, since it will provide new insight into the fundamental
requirements for designing high charge carrier mobility semiconducting polymers. Scanning Tunneling Microscopy
(STM) measurements were performed under ultrahigh vacuum conditions on sub-monolayer films of TBIDT-BT
and IDT-BT deposited on a Au(111) surface by electrospray deposition (ESD), according to a recently developed
methodology. We can clearly see that TBIDT-BT has more nanovoids compared to IDT-BT, indicating the side
chain interdigitation of IDT-BT is more uniform and hosts less impurities. This result is consistent with the DFT
calculation. The barrier to rotation is lower in TBIDT-BT or, in other words, the planar conformations are less
stabilized than in IDT-BT.
These results demonstrate that the regularity of side chain density, independent of conformational differences
along the backbone, as well as the optimization of non-covalent interactions for back-bone planarity are both
critical to achieve high charge carrier mobility.

Scheme 3. From
IDT-BT to TBIDT-BT

KSC Research Highlights | 13

KAUST Solar Center News

ksc.kaust.edu.sa

Ph.D. Profile

Areej Abdulrahman Alzahrani

Areej Abdulrahman Alzahrani (back row, 2nd from right) together with KSC Prof. De Wolf’s KAUST Photovoltaics Laboratory (KPV-LAB) group.

Areej Abdulrahman Alzahrani has chosen to pursue a Ph.D. degree in the Material Science and Engineering (MSE)
program at King Abdullah University of Science and Technology. For this step in her academic career, Areej is
working in the KAUST Solar center (KSC) under the supervision of Professor Stefaan De Wolf.
Prior to coming to KAUST, I studied physics at Al-Baha University, graduating in 2015. I then went on to complete
my Master’s degree in KAUST’s MSE program. The beautiful environment, outstanding research facilities and
extensive resources, have made studying at KAUST an incredible experience. These..., along with the diverse
community and a shared excellent work ethic, are the reasons I wished to continue my journey here at KAUST.
Following my Master’s degree, the opportunity to begin a new challenge at this unique university arose– this time
within the KAUST Solar Center.
Here, under the supervision of Professor De Wolf, I am working to investigate a more reliable, sustainable and
advantageous method to make so-called passivating contacts for silicon solar cells. For this, I use in-situ processing
based on plasma-enhanced chemical vapor deposition technology (PECVD) to fabricate such contacts. First, I aim to
grow an ultra-thin tunnel-oxide by plasma-assisted oxidation. This film is then capped by a doped polycrystallinesilicon layer as electron or hole transport material, dependent on the used dopant gases. Such contacts are an
alternative to the current industrial standard of silicon solar cells, either using a totally or locally diffused junction,
in order to reduce carrier recombination at the contact of silicon solar cells. With these new contacts, I aim to
make high-efficiency silicon solar cells with simple processes that can easily be adopted by the contemporary
photovoltaics industry.
By pursuing this research, I also hope to make advance in deeper understanding the fundamentals underlying
contact formation in solar cells, as well as contribute to the progress of solar cell research in order for this
technology to be widely used in future development and energy security across KSA. Additionally, by gaining a more
in-depth knowledge of my subject area, I hope to have the specialization necessary for my future lecturing role at
Al-Baha University – in order to inspire and educate other Saudi students and prepare them for future employment
in advanced technologies.
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New Faces at KSC

Welcome to:
Atteq ur Rehman

Wasim Mir

Postdoctoral Fellow with
Stefaan De Wolf

Postdoctoral Fellow with
Derya Baran

From - Sejong University, Seoul, South
Korea

From - IISER Pune-411008, India

Despoina Gkeka

Wenchao Yang

Ph.D. student with
Thomas Anthopoulos

Postdoctoral Fellow with
Frédéric Laquai

From - University of Patras, Greece

From - Fudan University, Shanghai, China

Han Xu

Ye Liu

PhD Student with
Derya Baran

Postdoctoral Fellow with
Derya Baran

From - Northeast Normal University,
China

From - TU Dresden, Dresden, Germany

Luis Victor Torres Merino
Masters Student with
Derya Baran
From - UNAM, Mexico City, Mexico
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KSC faculty, postdocs and students at 2019
MRS Fall Meeting & Exhibition — Esma Ugur
KAUST Solar Center members; faculty,
postdocs and PhD students, attended
the 2019 MRS Fall Meeting &
Exhibition, which was held December
1 – 6, 2019, in Boston, Massachusetts.
The MRS meeting is one of the
world’s leading international
scientific gathering in material
science, addressing both fundamental
and applied research areas. This
year, KSC members presented
their research results in diverse
symposia: organic semiconductors for
optoelectronics; fundamental science
of halide perovskites for photovoltaic
applications; silicon photovoltaics;
catalysis for sustainable energy;
solution-based strategies for
functional materials; and emerging
chalcogenide electronic materials.

1. Esma Ugur 2. Prashant Kumar 3.,5. Iain McCulloch, 4. Aslihan Babayigit, 6. Erkan Aydin,
7. Sandra P. Gonzalez Lopez

KSC contributions started on the
first day of the meeting with Prof.
Iain McCulloch’s invited talk, ’Development of Semiconducting Polymers for Electrochemical Transistors for Organic
Bioelectronic Applications’. The design, synthesis and performance of novel intrinsic semiconducting polymers for
efficient accumulation mode organic electrochemical transistors was discussed. These devices have a high potential for
the amplification of electrical signals and selective sensing of ions and biologically important molecules in an aqueous
environment.
In the afternoon sessions, Prashant Kumar, postdoctoral fellow in KSC’s Anthopoulos Group, presented ‘Solution Processed
Copper Sulfide Based Resistive Switching Devices’. He talked about copper sulfide based memory devices yielding fast
responses with remarkably low operating voltage windows and highly reprogrammable operating characteristics.
KSC’s contribution on day two was made by Aslihan Babayigit, visiting PhD student in De Wolf group, in the poster
session. She had very intense scientific discussions with researchers from all around the world about her work on
‘Hyperspectral Photoluminescence Imaging of Spatial Inhomogeneities in Multi- Cation and –Anion Perovskite Absorbers’.

(l-r) Dr. Erkan Aydin, Prof. Stefaan De Wolf, Sandra P. Gonzalez Lopez,
Dr. Aslihan Babayigit , Esma Ugur, Prof. Thomas Anthopoulos,
Dr. Prashant Kumar.
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On day three Sandra P. Gonzalez Lopez, PhD student in
KSC’s Laquai group, successfully presented her work in
the Light-Driven Catalysis session with the talk ‘TripletTriplet Annihilation Up-Conversion Sensitizes Metal Oxide
Nanoparticles for Photocatalytic Reactions’. She discussed
triplet-triplet annihilation photon up-conversion and
charge generation in TiO₂, ZrO₂, and CeO₂-based systems
using steady-state and transient optical spectroscopy
techniques. In the Silicon for Photovoltaics symposium,
organized by KSC’s Prof. Stefaan De Wolf, Erkan Aydin,
postdoctoral fellow from the De Wolf group, highlighted
their 2-terminal perovskite/Si tandem devices with
specifically engineered transparent electrodes in his
talk entitled ‘Zr-Doped Indium Oxide (IZRO) Transparent
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Electrodes for Perovskite-Based Tandem Solar Cells’. The IZRO has an improved near-infrared (NIR) response compared to
conventional ITO electrodes resulting in improved efficiency from 23.3% to 26.2% due to absolute 3.5 mA cm−2 shortcircuit current gain in a 4-terminal perovskite/silicon tandem device.
During the fourth day of the week, the last presentations from KSC members took place. Esma Ugur, PhD candidate in the
Laquai group, gave an oral presentation about her recent work ‘Unraveling Charge Carrier Dynamics in Perovskite Solar
Cells Using Bias-Dependent Time-Resolved Photoluminescence’ in the Halide Perovskite Optoelectronics symposium. She
discussed how the photoluminescence intensity and radiative decay in n-i-p perovskite solar cells change when applying
an external bias. Primarily, she talked about how the interface engineering using a BA cation alters charge carrier
dynamics of the device under external bias. KSC’s contribution to the proceeding was wrapped up by a final invited talk
from KSC Director, Prof. Iain McCulloch, entitled ‘Semiconducting Polymers for Organic Transistor Applications’ in the joint
session ‘Role of Structure for High Performance Devices’.

KAUST launches ACWA Power Center of
Excellence for Desalination and Solar Power
On September 9, KAUST signed a memorandum of understanding (MoU) with
ACWA Power, one of the world’s leading independent developers, investors and
operators of power generation and desalinated water plants, inaugurating the
KAUST – ACWA Power Center of Excellence for Desalination and Solar Power.
The signing, which took place at the World Energy Council Congress in Abu
Dhabi, marks the beginning of a long-term research and innovation alliance
between the two organizations that will help place Saudi Arabia at the
forefront of international scientific advancements in water desalination and
solar power technology.

Kevin Cullen (left), VP of KAUST Innovation
& Economic Development, and Paddy
Padmanathan (right), President and CEO of
ACWA Power, at the signing ceremony.

Two KSC faculty ranked most highly cited
researchers in the world

Prof.
Stefaan De Wolf

The Web of Science Highly Cited Researchers list recognizes the world’s most
influential researchers of the past decade, demonstrated by the production of
multiple highly-cited papers that rank in the top 1% by citations for field and
year in Web of Science. In November, KAUST was honored to have 14 faculty
members (9%) named Highly Cited Researchers, two of whom are KAUST Solar
Center faculty. KSC’s Associate Prof. Stefaan De Wolf and Prof. Iain McCulloch
were listed in the cross-field category. These listings are a reflection of the
dedication and talent of the research community at KSC.

Prof.
Iain McCulloch
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Mohammed Al Ajmi, REPDO, receives his KSC WInter School certificate from KSC ‘s Dr. Faisal Wali

Young engineers from Saudi industry attend
the first KSC Winter School
Educating and inspiring young scientists and researchers to tackle the challenges associated with light-to-energy
conversion is at the heart of KSC’s mission. The Kingdom of Saudi Arabia’s Vision 2030 defines important goals for the
future of the country including building an economy less dependent on fossil fuels. This has given rise to numerous
ambitious solar energy projects throughout the region and will require large numbers of solar experts.
With these factors in mind, in 2019 KSC launched its Photovoltaic Education Lab with a variety of experimental setups
and instrumentation that cover the broad scope of solar energy research. For example, a complete device fabrication
line allows users to build fully functioning thin film solar cells from scratch and a solar simulator coupled with a tool for
measuring light to electron conversion efficiency enables participants to measure the photovoltaic performance of solar
cells.
With the expertise and facilities concentrated within KAUST Solar Center, we are in a unique position to share the latest
techniques and knowledge beyond our center and the university. Hence, the first KSC Winter School, held for three days
at the end of January, was designed to offer young engineers from industry an intense course on solar energy conversion,
enabling them to make informed decisions in their
professional careers and to contribute to the Kingdom’s
energy solutions.
Engineers from REPDO, ARAMCO, SABIC, and NOMADD
Desert Solar Solutions joined KAUST participants at
the KSC Winter School, utilizing KSC’s Photovoltaic
Education Labs and attending lectures on topics such
as the fundamentals of photovoltaic energy conversion
to emerging technologies and through to fabrication,
characterization and field testing of solar modules. The
attendees had intensive days but can look forward to
employing their knowledge in the work place and calling
on their extended network at KAUST Solar Center for
expert advice.
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Mohamed Al Maker (SABIC), Dr. Abdulrahman El Labban (KSC),
Suhayb Al Sawadi (NOMADD) and Anas Bintin (ARAMCO) during the
KSC Winter School.
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KSC Highlight Paper

“

A universal solution processed interfacial bilayer enabling ohmic contact in organic and
hybrid optoelectronic devices”
Many solid-state electronic devices such
as solar cells, organic light-emitting
diodes and transistors are fabricated
layer-by-layer from substrate to electrode.
In these “semiconductor sandwiches”, the
electrical performance is only as good as
the interfaces where dissimilar materials
are joined. As a result, a great amount of
work among device physicists & engineers
has been focused towards tailoring
these interfaces to minimize losses in
performance.
One example of this challenge
is the interface between a
buckminsterfullerene-derivative (PC60BM),
a common electron-transporting material
in perovskite solar cells, and metal
electrodes: When in direct contact with
one another, an electrical barrier is
formed which restricts the power output
of the solar cell. To overcome this barrier
Joel Troughton, Marios Neophytou, and
others within the KSC developed a new
inorganic-organic bilayer which allows
electrons to pass between semiconductor
and metal with ease, allowing an
improvement in perovskite solar cell
efficiency. It was found that titanium
dioxide doped with niobium (Nb-TiO₂) was
highly effective at pulling electrons from
PC60BM. Meanwhile, a secondary layer
of organic bathocuproine (BCP) modified
the work function of a silver electrode to
better match that of the Nb-TiO2, thereby
allowing a low-resistance path for current

Light and dark-field TEM micrographs of pristine TiO2 (a and b) and Nb-TiO2 (c and d)
nanoparticles. (e) Current–voltage curves for ‘electron only’ devices with different interfacial
layers between PCBM–Ag contacts at logarithmic scale, measured in the dark. Solid circles
indicate the trap-filled limit voltage (VTFL) for each configuration. The structure of the device is
comprised as follows: ITO/SnO2/MAPbI3/PCBM/interfacial layer/Ag.

to flow. As well as an improvement in power output, perovskite solar cell stability was
also greatly improved thanks to the bilayer acting as a physical barrier for material
decomposition.
Researchers were pleased to find that this Nb-TiO2 & BCP bilayer also improved
performance in organic photovoltaics, where it replaced a highly air-sensitive material.
Encouraged by the prospect of a seemingly “universal” interface layer, other electronic
devices were tested including organic light-emitting diodes and thin-film transistors
which showed similar improvements in performance thanks to the highly ohmic contact
formed by the bilayer.
In addition to electrical improvements, the Nb-TiO₂ & BCP bilayer is solution
processable. This makes it an ideal candidate for use in the up-scaled roll-to-roll
production of photovoltaics while reducing the need for potentially expensive vacuum
processes.
For more details, a paper investigating the “universal interfacial bilayer” was published
in Energy and Environmental Science in 2019.
J. Troughton, M. Neophytou, N. Gasparini, A. Seitkhan, F. H. Isikgor,
X. Song, Y. Lin, T. Liu, H. Faber, E. Yengel, J. Kosco, M. F. Oszajca,
B. Hartmeier, M. Rossier, N. A. Lüchinger, L. Tsetseris, H. J. Snaith,
S. De Wolf, T. D. Anthopoulos, I. McCulloch and D. Baran, Energy
Environ. Sci., 2020, 13, 268
https://doi.org/10.1039/C9EE02202C
Published by The Royal Society of Chemistry

Pictured are co-authors Dr. Marios Neophytou (l) and Dr. Joel
Troughton (r).
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KAUST Solar Center (KSC) Summer School and Internship Program for selected masters or final year
undergraduate students considering a research career addressing the challenges of solar energy conversion.
Participants will attend the KSC Summer School from 12th - 16th July 2020 followed by an internship.
During the summer school experts from KSC and TU Delft
will guide you through tutorial lectures on:
•
•
•
•
•

Photovoltaic (PV) fundamentals
Design of materials for solar energy conversion
Electrical Characterization tools for PV devices
Silicon solar cells
PV systems

Develop your practical skills in the laboratory sessions:
•
•
•
•

Silicon PV: fabrication and characterization
Organic PV: fabrication and characterization
Semi-conducting thin film and material
characterization
Optical properties in the context of PV or the spectral
response of PV devices

After completing the summer school, you can then put your skills to use during an extended stay as an intern with a
summer research project in the world-class KSC laboratories from July through September.
Who can apply?
Penultimate year undergraduate or masters students with
a science or engineering background and an interest in
pursuing a career in solar energy conversion.
Applicants must meet KAUST’s general admission requirements, including a minimum cGPS of 3.3/4.00 or equivalent.
A motivation letter, academic transcripts and proof of
proficiency in English will be required.

”The research facility is unparalleled and KAUST is a
paradise for anyone who wants to conduct leading edge
research with people from all over the world”
-Xiange Wang, KSC Internship Program 2019,
Student of Mechanical Engineering, University of Washington

What are the benefits?
Stipends are available which cover travel and accommodation, as well as a generous living allowance.
Visa and travel assistance will be provided. Participants will
receive a KSC Summer School certificate on completion.
Apply now or find out more:
e-mail: ksc@kaust.edu.sa
web: ksc.kaust.edu.sa/Summer-School-2020
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