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Silicon Solar Cell

It Is cheap, It is reliable and it is the
standard

Why look any farther ???



Low cost High Efficiency: Inkjet printing for
Photovoltaic Windows
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Nebiaska _ .
o Photovoltaics from Organics

agi., OFganics are in principle

~ cheap, flexible, bendable, and
amenable to a variety of high
B T....  throughput production
methods




UNIVERSITY JOF
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Nebiaska| Organic Photovoltaics are emerging

Lincoln

and promising, with some

Best Research-Cell Efficiencies p ro b I ems... LiINREL

Transforming

Cell Efficiency (%)

52
Multijunction Cells (2-terminal, monolithic)  Thin-Film Technologies Sharp
LM = lattice matched O CIGS (concentrator) (IMM, 302¢) ,° NREL
48 - MM = metamorphic ® CIGS (6-J,143x) =
IMM = inverted, metamorphic O CdTe ] 47.1%10]
V' Three-junction (concentrator) O Amorphous Si:H (stabilized)
44 — ¥ Three-junction (non-concentrator) Emerging PV 44.4%)\4
a Two-!unct}on (concentrator) O Dye-sensitized cells
A Two-junction (non-concentrator) @ Parovekite calls
40+ g F°“r'!““°‘!°“ or more (concentrator) A Perovskite/Si tandem (monolithic)
Four-junction or more (non-concentrator) ® Organic cells (various types)
Single-Junction GaAs A Organic tandem cells . 9w Sharp (IMM)
A Single crystal @ Inorganic cells (CZTSSe) Sharp (IMM) ”
= gle cry o
36 W Cncanitile Quantum dot cells N o
: (various types) oo Sharp (IMM) FhG-
V' Thinfilm crystal yP NREL
Crystalline Si Cells Spectrolab _
32 o Single crystal (concentrator) Varian
W Single crystal (non-concentrator) (216x) N
O Multicrystalline Varian \ .- -
L ® Silicon heterostructures (HIT) (205%) :A"/a“a” === - -
28 V' Thin-film crystal Sl Dot NREL _ SunPower (96x) _
(140x) Vafian —---_JNE“;"T-----
24— e e S UNswUNSW
IBM G UNSW
(T.J. Watson Q= === LN UNSW NREL Sanyo
Research Center) UNSW Georgia  Eurosolare  (14)
20— ARCO Georgia Tech " Univ. of
Nasting ect p o Y Univ.
Westing- Varian f  UNSW < NREL NReL NREL  NREL Queensiand
Sandia lioyse S NREL /.
16—
No. Carolina - Florida NRELW tgal
Mobi State U, gipiey SO21EX sl
Solar } Boeing NREL EU0-CIS  jisofar UniSolar
12+ Boeing, ., Kodak Kodak ARCO ARCO -
todak AMETEK Photon Energy
Matsushita Kodak Boeing Boeing e
8 aine Vonosolar Solarex ARCD UniSolar
U.of Maine Groningen
4
RCA
0 | IR N (N N N AN FN Y S N N SN [N Y S N N | T I
1975 1985 1990 1995 2000 2020

R h ic solar cell
ed are the organic solar cells And these are not very stable



Nebiaska Problems with Organic
Photovoltaics

« Organic solar cells need to stable! They have to work for a long, long
time and survive in harsh conditions.

solution: need additives to stabilize the organics

 They need to be made more efficient! Now efficiency is low (about 5%)
or high (23%) but in materials not very stable. (high efficiency materials
are the ones that degrade in sunlight)

solution: need additives to stabilize the organics — these will be dipolar
molecules, and graded multilayers could improve efficiency a lot

« The organic solar cells need to be scalable! Can the materials be
manufactured cheaply on a large scale?

«  Solution: Deposition from solution



Organic Semiconductors and

Conductors
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D. Shi, Peter A. Dowben, O. M. Bakr, et al, “Exceptionally low trap-state density and long carrier diffusion in room-temperature
grown MAPDBr; perovskite single-crystal wafers”, Science 347 (2015) 519-522



Nebiaska “Modifiers”

We have over 50 different kinds of p-benzogquinone monoimine zwitterions
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Demonstration of Additives on PV
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Rapid Prototyping of Materials Combinations

Rapld prOtOtyping water droplet on
with inkjet printer g Srowr
technology
sing a modified
inkjet printer
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printer

Grayscale ink
printing (10
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Organic Solar Materials
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Where do Quantum Dot Solar Cells Rank?
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We are leaders

iiNREL

NATIONAL RENEWABLE ENERGY LABORATORY
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Decreasing Size

Lincoln WE can tune the color by size or chemistry
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Neb‘a&lk% Inkjet Printing of Solar Cell Inks

lie et al. J. Phys.: Cond. Mat. doi.org/10.1088/1361-648X/aab986
(2018)



https://doi.org/10.1088/1361-648X/aab986
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Nebiaska| Applicability: “Printable” Solar Cells

How to test all the possible
combinations to find the best

combinations for the most
ssful organic photovoltaic ?

Rapid prototyping
with inkjet printer
technology

of NCs in using
solvent on printed NCs

substrates

Solar Cells
from printed

Inexpensive wet .
perovskite NCs

lab solution-phase
synthesis of
CsPbX; NCs



Efficiency Is not every thing:

If you cover more surface area and generate
more current at much lower cost, you win.
So a window you look through but is also a
solar cell could be a BIG winner, even if not

very efficient.
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Lincoln Top universities and researchers in perovskite solar
cell research

Top 10 universities in methylammonium lead perovskite solar cell research, 2014 to
2017

I I l I I l e N eW S I By expected output in top 10 per cent of most highly cited research for topic. World average = 1
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We are No. 2 in the
world for novel
materials in '
photovoltaic
research

Technology

fornia,
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Source: Elsevier/5ciVal. Only academic institutions publishing at least 50 articles from 2014 to 2017 included.
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