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Device Acts as Both Solar Cell
and Battery
A new photoelectric device can convert light into charge that it can then
store indefinitely.

By Phillip Ball

P hotoelectric devices, which convert light energy into
electricity, have a vital role in clean energy technologies.
They often need to be coupled to batteries that store the

captured energy, but researchers have now built a device that
combines photoelectric charge generation with charge storage.
The excited electrons can be retained for at least a week, until
they are discharged as an electric current. The team says the
device might find uses in energy generation, photodetectors, or
light-basedmemories.

A good photoelectric device contributes a charge carrier to an
electric current nearly every time it absorbs a photon; in other
words, it has a high “external quantum efficiency” (EQE). The

Energy from sunshine. Harvesting light energy with solar cells
generally requires them to be hooked up to an energy storage
device such as a battery. A new device might provide both
photoelectric power and energy storage.
Credit: evoks24/stock.adobe.com

problem is that the negatively charged electron and the
positively charged hole generated by a photon often recombine
shortly after their creation. One way to increase the EQE of a
device is to temporarily trap the charge carriers—at crystal
defects, for example—before recombination can occur.

Yucheng Jiang of the Suzhou University of Science and
Technology, China, and his co-workers set out to use this
strategy in a device called a van der Waals heterojunction, in
which twomaterials are held in contact by relatively weak van
der Waals interactions [1]. They used tungsten diselenide, a
semiconducting material, and the transparent conductor
strontium titanium oxide (STO). On the surface of the STO, the
team produced a nearly two-dimensional “electron gas” (a state
in which electrons move freely and independently) by
employing a surface treatment. Using an electron gas as one
component of such a heterojunction was new and led to the
device’s novel properties.

The interface region between the twomaterials forms a
so-called p-n junction, a common structure in solar cells.
Ordinarily, photons generate electron-hole pairs that can be
separated by a voltage, though some inevitably recombine.
Jiang and colleagues hoped that in their structure,
recombination might happenmore slowly than in other p-n
photovoltaic devices. But to their surprise, they found that the
photoinduced charge carriers could persist for very long times.
After illuminating their device with a blue laser and then storing
it in the dark at a temperature of 30 K for up to 7 days, they
could extract a large current (2.9 milliamps) when they
connected it to a circuit. The photoexcited charge was being
stored without degrading appreciably, as if in a battery that
could be charged and discharged at will. They named this new
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Make charges, then store them. The new device consists of a thin
film of a layeredmaterial (tungsten diselenide, green) deposited on
strontium titanium oxide (STO, grey). Treatment of the STO with
argon ion bombardment creates surface defects that produce a
quasi-two-dimensional electron gas. This material thus acts mainly
as a carrier of electrons (it’s an n-type conductor), whereas the
tungsten diselenide film is primarily hole-conducting (a p-type
conductor). The interface region is thus a p-n heterojunction, a
common structure in solar cells. Mobile charge carriers are excited
in the tungsten diselenide film by blue laser light andmay be
trapped and stored for long periods in a region near the interface,
until dislodged with a sufficiently large applied voltage.
Credit: Y. Jiang et al. [1]

phenomenon chargeable photoconductivity.

The researchers think that the trapping happens in a part of the
tungsten diselenide film called the space-charge region,
adjacent to the interface with the STO crystal. Here,
light-induced holes can be accumulated and retained until a
sufficiently large applied voltage draws them into a circuit. The
device is then ready to be charged again by light. The EQE of the
device is 93.8%, whereas many photovoltaic cells are
considered “high performance” if their EQE is greater than 50%.
However, the need to cool the device to around 30 K to keep the

stored charge stable might restrict it to certain applications,
Jiang says, unless improvements using other materials can
significantly raise this operating temperature.
The heterojunction device could also act as an optical memory.
Information would be input with a light pulse and stored until it
was read out as a pulse of electric current. “We do not know
what the limit of this stability is, but we think the storage
lifetime is almost infinite,” Jiang says.

Other layeredmaterials have previously been used to make
heterojunction devices with a photoinduced storage capability
[2, 3]. But Jiang says that the trapping process in those cases is
less readily switched on and off because it involves “stronger”
traps (in defect sites in the crystal).

Materials engineer Zhimei Sun of Beihang University in China
says that the observed effect could prove important, but he
would need to see more data to be convinced that the
researchers fully understand the mechanism.

The paper “suggests a novel device structure for photoelectric
conversion and storage,” says Mark Hersam of Northwestern
University, Illinois, a specialist in low-dimensional
nanoelectronic materials. “This type of work is likely to be
elaborated further in the future as the field of van der Waals
materials increasingly takes advantage of opportunities to form
heterostructures” that include many other types of materials,
he says.

Philip Ball is a freelance science writer in London. His latest book
is The Modern Myths (University of Chicago Press, 2021).
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