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Solar cell defect mystery solved after decades of global effort

A team of scientists at the University of Manchester has solved a key flaw in solar panels after 40 years of
research around the world.

Solar panels are among the most available system of generating energy through renewable sources due to
their relative cost and consumer availability. However, the majority of solar cells only achieve 20 percent
efficiency—for every kW of equivalent sunlight, about 200W of electrical power can be generated.

Now an international team of researchers have resolved a key fundamental issue of material defect which limits
and degrades solar cell efficiency. The problem has been known about and studied for over 40 years, with over
270 research papers attributed to the issue with no solution.

The new research shows the first observation of a previously unknown material defect which limits silicon solar
cell efficiency.

Prof Tony Peaker, who co-ordinated the research now published in the Journal of Applied Physics said:
"Because of the environmental and financial impact, solar panel 'efficiency degradation' has been the topic of
much scientific and engineering interest in the last four decades. However, despite some of the best minds in the
business working on it, the problem has steadfastly resisted resolution until now."

"During the first hours of operation, after installation, a solar panel's efficiency drops from 20 percent to about
18 percent. An absolute drop of 2 percent in efficiency may not seem like a big deal, but when you consider that
these solar panels are now responsible for delivering a large and exponentially growing fraction of the world's
total energy needs, it's a significant loss of electricity generating capacity."

The energy cost of this shortfall across the world's installed solar capacity measures in the 10's of gigawatts, this
is equivalent to more energy than is produced by the UK's combined total of 15 nuclear power plants. The solar
shortfall has to be therefore met by other less sustainable energy sources such as burning fossil fuels.

The multi-disciplinary experimental and theoretical approach employed by the researchers identified the
mechanism responsible for Light Induced Degradation (LID). Combining a specialized electrical and optical
technique, known as "deep-level transient spectroscopy" (DLTS), the team have uncovered the existence of a
material defect which initially lies dormant within the silicon use to manufacture the cells.

The electronic charge within the bulk of the silicon solar cell is transformed under sunlight, part of its energy
generating process. The team found that this transformation involves a highly effective "trap" that prevents the
flow of photo-generated charge carriers (electrons).

Dr. Iain Crowe said: "This flow of electrons is what determines the size of the electrical current that a solar
cell can deliver to a circuit, anything that impedes it effectively reduces the solar cell efficiency and amount of
electrical power that can be generated for a given level of sunlight. We've proved the defect exists, it's now an
engineering fix that is needed."

The industry standard technique used to determine the quality of the silicon material measures the lifetime of
charge carriers, which is longer in high quality material with fewer "traps." The researchers in Manchester lead
by Prof Matthew Halsall found that their observations were strongly correlated with this charge carrier lifetime,
which was reduced significantly after transformation of the defect under illumination. They also noted that the
effect was reversible, the lifetime increased again when the material was heated in the dark, a process commonly
used to remove the "traps."

The paper, "Identification of the mechanism responsible for the boron oxygen light induced degradation in silicon
photovoltaic cells," is published in the Journal of Applied Physics.

More information: Michelle Vaqueiro-Contreras et al. Identification of the mechanism responsible for the
boron oxygen light induced degradation in silicon photovoltaic cells, Journal of Applied Physics (2019).
DOI:10.1063/1.5091759

Journal information: Journal of Applied Physics
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o LILT (Low Intensity Laser Therapy)
o LLLI (Low Level Laser Irradiation)
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Transfer reactions
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Iradiation
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6. Photodynamic-therapy
7. Low Level Laser Therapy

8. Bio Stimulation
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15. Resurfacing
16. Optical breakdown

IPAA Gl | 9 ojlads | LS Sujud rasaisog g oo e e

St e 4y algige Lo JUil 5 55 b
Glacdl o aS 0,5 Ojpo ol 5 b jen il
So Lol jl g 0og ezl (il g o om0 S 5elsn
bl 45 oo syl gla 8 JUinil oyl by 095 o pLi
3 S S oo 9o Gl Gl S daid Ly s
b Lo S w50 45 (e Sl sla il
a8 il e € idaly Lo 95 o iy a3 ol gl
S8 a> Lo Bl yo ye St az yals 18 5l
P azoliz S ols an sl cwsa Lo S
Bohi d> 35 dga e bl gglne Lo a5 by
AU A )0 5 99D o0 (S5l 95 908 0> Ly Lo )S
B on i iz dm b (le)S o]
d8he el (oye 09,5 dgamme Ly e o jle 4y
Dg—b o0 Sy el ay (b S ol

=55 00 63 Sl 9,8 (b S Gl S e
iiSbos 518 begl sl (o5 asT ol

Loy 55 Ly 55 peie an il 5l ] 0 a5 s
g oo ooliiowl & Bl 3 S sloml L g B sl
0 S8 Hgboas i an il 5l ] o aS M sl dal
g oo ool e S (gl

4 G5 pd S hsy ol 5o T el Gl s
03y 9 Bl ;0 00 s TSl o (el e
o= ol s b Ol e ) 651 5l g 9s—Bse
il clyms g s aolin ol o ily sl insl gy Yoo
oolaiwl Yo 3945 Ly (mlazge ol 5l Yo—one jolare
a >, ,0 g Nd:YAG |3 I Loyl 0 5 g 45 09 s
nm900-800 z5—sJsb Ly colm 4 asi cln,pd poo
Logas daglb o olsys sl 29y ol 51 aiilioo
oS ol ,me8 slaplal jo

OHLSA oola
U P ) K| PRV P PN P SR ) D
Al sldge cmodld 50, i 5l g ge A, o B

9. Relaxation Time

10. Vaporization

11. Coagulation

12. Interstitial Hyperthermia
13. Etching

14. Hair romoval
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17. Laser Induced Breakdown
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Physicists can predict the jumps of Schrodinger's cat (and finally save it)

Yale researchers have figured out how to catch and save Schrddinger's famous cat, the symbol of quantum superposition and
unpredictability, by anticipating its jumps and acting in real time to save it from proverbial doom. In the process, they
overturn years of cornerstone dogma in quantum physics.

Thediscovery enablesresearchersto set up anearly warning system forimminent jumps of artificial atoms containing quantum
information. A study announcing the discovery appears in the June 3 online edition of the journal Nature.
Schrédinger'scatisawell-knownparadoxusedtoillustratetheconceptofsuperposition—theability fortwooppositestatestoexist
simultaneously—and unpredictability in quantum physics. The idea is that a cat is placed in a sealed box with a
radioactive source and a poison that will be triggered if an atom of the radioactive substance decays. The superposition
theory of quantum physics suggests that until someone opens the box, the cat is both alive and dead, a superposition of
states. Opening the box to observe the cat causes it to abruptly change its quantum state randomly, forcing it to be either
dead or alive.

The quantum jump is the discrete (non-continuous) and random change in the state when it is observed.

The experiment, performed inthelab of Yale professor Michel Devoret and proposed by lead author Zlatko Minev, peersinto the
actual workings of a quantum jump for the first time. The results reveal a surprising finding that contradicts Danish
physicist Niels Bohr's established view—the jumps are neither abrupt nor as random as previously thought.

For a tiny object such as an electron, molecule, or an artificial atom containing quantum information (known as a
qubit), a quantum jump is the sudden transition from one of its discrete energy states to another. In developing quantum
computers, researchers crucially must deal with the jumps of the qubits, which are the manifestations of errors in
calculations.

The enigmatic quantum jumps were theorized by Bohr a century ago, but not observed until the 1980s, in atoms.
"These jumps occur every time we measure a qubit," said Devoret, the F.W. Beinecke Professor of Applied Physics and
Physics at Yale and member of the Yale Quantum Institute. "Quantum jumps are known to be unpredictable in the long
run."

"Despite that," added Minev, "We wanted to know if it would be possible to get an advance warning signal that a jump is
about to occur imminently."

Minev noted that the experiment was inspired by a theoretical prediction by professor Howard Carmichael of the University
of Auckland, a pioneer of quantum trajectory theory and a co-author of the study.

In addition to its fundamental impact, the discovery is a potential major advance in understanding and controlling
quantum information. Researchers say reliably managing quantum data and correcting errors as they occur is a key
challenge in the development of fully useful quantum computers.

The Yale team used a special approach to indirectly monitor a superconducting artificial atom, with three microwave
generators irradiating the atom enclosed in a 3-D cavity made of aluminum. The doubly indirect monitoring method,
developed by Minev for superconducting circuits, allows the researchers to observe the atom with unprecedented
efficiency.

Microwave radiation stirs the artificial atom as it is simultaneously being observed, resulting in quantum jumps. The tiny
quantum signal of these jumps can be amplified without loss to room temperature. Here, their signal can be monitored
in real time. This enabled the researchers to see a sudden absence of detection photons (photons emitted by an ancillary
state of the atom excited by the microwaves); this tiny absence is the advance warning of a quantum jump.

"The beautiful effect displayed by this experiment is the increase of coherence during the jump, despite its observation,"
said Devoret. Added Minev, "You can leverage this to not only catch the jump, but also reverse it."

This is a crucial point, the researchers said. While quantum jumps appear discrete and random in the long run, reversing
a quantum jump means the evolution of the quantum state possesses, in part, a deterministic and not random character;
the jump always occurs in the same, predictable manner from its random starting point.

"Quantum jumps of an atom are somewhat analogous to the eruption of a volcano," Minev said. "They are completely
unpredictable in the long term. Nonetheless, with the correct monitoring we can with certainty detect an advance warning

of an imminent disaster and act on it before it has occurred.

More information: To catch and reverse a quantum jump mid-flight, Nature (2019). DOI: 10.1038/s41586-019-1287-z,
https://www.nature.com/articles/s41586-019-1287-z

Journal information: Nature
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