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Spray-printed crystals

to move forward

organic electronic applications

22 Movember 2016

Has the time come to replace fraditionally used
silicon with printable organic semiconducton inks?
University of Surmey scentists believe so,
especially for future alectronics that need fo be
flexible, ightweight, wearable and low-cost.

zingle crystal semiconductors, such as sicon,
hawve been at the forefront of scentific interest for
more than 70 vears, serving as the backbone of
electronic devices, Inorganic zingle crystals are
typically grown from a melt at very high
temperatures, in special chambers filled with inert
0%, using hme-consuming and enengy mlensve
processes. A new class of crystalline materials,
called organic semiconductors, can also be grown
as single coystals, but ina very different way, using
solution-based methods at room temperafure in air,
op=ning up the possibility of large-scale production
of inexpensive electronics, targeting numeraus
applications ranging from field effect transistors
and light emifiing dicdes to medical X-ray defeciors
and minature lasers.

Meaw research, published laday in Nature
Communications, conducied by a team of
researchers from the University of Surrey and
Mational Physical Laboratory, demonstrates for the
first time a low-cost, scalable spray-printing
process to fabricate high-quality isolated organic
single crystals. The method is suitable for a wide
vanely of semiconducting small mokecules, which
can be disseived in sohvents 1o make
semiconducting inks, and then be depositad on
virtually amy substrate. The key aspect 15 in
combining the advantages of antisolvent
l;_'.l'_lllEL';I“I_'{.';IlII_:II'I arvd solishon 5I|ua|r|r'|-;_|_ Ths n'_'.l:,"51zll*\_e.'
zize, shape and orientation are then controlled by
the spay angle and distance 1o the substrate,
which govem the spray droplets’ impact onio the
antizobvenl’s surface. These crvslals are high
quality struciures, as confirmed by & combination
of charactarisation lechnigues, including polarmsed
optical and scanning slechron microsoopy, x-ray

diffraction, palarised Raman speciroscopy
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affect transistor tests,

The research has a direct impact on printed
alectroms applications for flexible circuits,
advanced photodetector arays, chemical and
bicdogical sensors, robotic skin tensile sensors, x-
ray mdical detectors, hght emitbing transistors and
dicdes, and mimature lasers

"This method is a powerful, new approach for
manufacturing organic semiconductor single
crystals and controlling their shape and
dimensions,” sand Dr Mazmm Shkunoy from the
Advanced Technology Institule at the University of
Suaray,

"If we ook at silicon, it takes almast 150000 to
groww semiconductor grade crystals, whila sisel
spoons will melt at this temperature, and i will fetch
a very hefty electric bill for just 1 kg of silicon, same
as for running a tea kettle for over 2 days non-stop
And then, you would need to cut and polish those
silicon "boules’ into wafers,

“We can make single crystals in a much simpler
way, entirehy at room temperature with 3 £5 artist
spray brush, With a new class of organic
semiconductors based on carbon atoms, we can
spray-coat organic inks onio anylthing, and gel
maore oF less the right size of crvstals for ouwr
devices right away."

Dr Maxim Shikunav, kad authar of the resaanch,
conlinuwed: "The trick i% 10 cover the surface with &
nan-sobvent 50 that semiconductior molecules float
on dop and seif-assemble info highly orderaed
crystals. We can also beat silicon by wusing light
emitting mpoleculas to make lasaers, for axampla, -
something you car't do with tradifional silicon. This
malacular crystals growth method opens amazing
capahbilities for printable organic electrones.”

Maore information: Nature Commuomications, L

L | [P I % S




