
Researchers	at	Aarhus	University	develop	highly	efficient	transferable	solar	cells	using	table	salt	

Technique	combines	photon-harvesting	strategy	with	detachability	in	silicon	thin	film	solar	cells		
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'We	are	very	pleased	to	have	succeeded	in	creating	highly	efficient	solar	cells	that	can	be	transferred,	using	a	practical		and	
scalable	approach	that	is	 industrially	feasible.	This	is	an	important	milestone	in	the	sacrificial-layer	technology	where	we	
are	able	 to	detach	 the	 solar	 cell	 from	 its	primary	 substrate	using	a	processing	 sequence	based	on	a	water-soluble	NaCl	
layer.	 It	holds	exciting	potential	 for	the	 fields	of	solar	powered	devices	and	building	 integrated	photovoltaics.'	–	Assoc.	
Prof.	Sanjay	K.	Ram,	Aarhus	University	

'We	are	delighted	with	 the	 results	of	 this	momentous	 study	 that	 allows	 combining	photon-harvesting	with	detachable	
solar	 cell,	 while	 utilizing	 low-cost	 and	 scalable	 techniques.	 Nanophotonic	 light-trapping	 strategies	 can	 lead	 to	 high-
efficiency	low-cost	solar	cells,	but	the	expensive	and	non-scalable	nanomanufacturing	techniques	are	the	main	obstacles.	
Our	 collaborative	 work	 has	 introduced	 a	 new	 route	 to	 obtaining	 highly	 efficient	 solar	 cells	 with	 light-trapping	using	
something	as	simple	as	common	salt."	-	Dr.	Rita	Rizzoli,	Consiglio	Nazionale	delle	Ricerche	-	 Institute	for	Microelectronics	
and	Microsystems,	Bologna	
	

Images	and	media	files	related	to	the	technique	of	combining	detachability	with	photon-harvesting	in	silicon	thin	

film	solar	cells	are	available	to	download	from:		

	https://www.dropbox.com/sh/4r7zurl103t2ykw/AAAcnGa58t8nyh_jjKuIKsu6a?dl=0	

	

A	YouTube	video	illustrating	the	process	can	be	seen	at:	https://www.youtube.com/watch?v=FfH0ZguiI2I	

	

The	study	has	been	published	in:	
		
S.	K.	Ram,	D.	Desta,	R.	Rizzoli,	M.	Bellettato,	F.	Lyckegaard,	P.B.	Jensen,	B.R.	Jeppesen,	J.	Chevallier,	C.	Summonte,	A.	
N.	Larsen,	P.	Balling,	Combining	light-harvesting	with	detachability	in	a	high-efficiency	thin-film	silicon	solar	cell,	
Nanoscale	9	(21),	7169	-	7178	(2017)		

	
LINK	à 	DOI:	http://dx.doi.org/10.1039/c7nr00658f	
	

Scientists	at	Aarhus	University,	Denmark,	have	developed	a	new	low-cost	method	for	creating	highly	efficient	silicon	
thin-film	solar	cells	that	can	be	detached	from	the	growth	substrates	and	transferred	to	diverse	surfaces,	paving	the	
way	 for	 adherable	 solar	 cells	 that	 can	 be	 integrated	 into	 consumer	 electronics,	 sensors,	 building	 components	 and	
wearable	devices.	A	collaboration	between	Aarhus	University	and	CNR-IMM	Bologna	has	successfully	created	a	high	
efficiency	amorphous	silicon	solar	cell	 that	 is	fabricated	on	a	regular	glass	substrate	but	can	 later	be	detached	from	
the	growth	substrate	and	transferred	to	any	other	surface.	The	researchers	transferred	a	silicon	solar	cell	using	this	
technique	 to	 an	 inexpensive	 plastic	 sheet	 with	 a	 post-transfer	 efficiency	 of	 9%,	 the	 highest	 ever	 reported	 by	 any	
technique	of	solar	cell	transfer.		

A	major	source	of	cost	of	solar	cell	technology	is	the	expensive	glass	substrate	on	which	solar	cells	are	fabricated.	The	
impossibility	of	making	solar	cells	free	from	their	substrates	is	also	a	constraint	for	a	much	wider	deployability	of	solar	
cells	 that	 could	 be	 possible	 if	 they	 could	 be	 integrated	 onto	 a	 variety	 of	 surfaces.	 The	 deposition	 of	 solar	 cells	 on	



unconventional	 substrates	 is	 not	 widely	 used	 due	 to	 various	 challenges	 that	 lead	 to	 low	 efficiencies.	 A	 feasible	
technique	that	could	enable	fabrication	of	high-efficiency	thin-film	solar	cells	on	optimum	glass	substrates	and	 later	
allow	 the	 detachment	 and	 transfer	 of	 the	 solar	 cell	 to	 other	 surfaces	 while	 freeing	 up	 the	 substrate	 for	 further	
deposition	cycles	could	open	up	new	disruptive	directions	in	solar-cell	technology.		

Dr.	 Sanjay	 K.	 Ram,	 an	 associate	 professor	 at	 Aarhus	 University	 contributed	 to	 the	development	 of	 the	 concept	 of	
combining	detachability	with	light-trapping	using	a	layer	of	table	salt	(sodium	chloride,	NaCl)	in	between	the	solar	cell	
and	the	substrate,	followed	by	the	dissolution	of	the	salt	layer	in	water	to	release	the	solar	cell	from	the	substrate.	He	
said,	"The	deposition	of	a	highly-efficient	silicon	thin-film	solar	cell	on	a	layer	of	sodium	chloride	has	not	been	reported	
before.	An	important	challenge	in	such	an	endeavor	is	the	roughness	and	the	chemistry	of	the	sodium	chloride	layer	
that	can	damage	the	solar	cell	grown	over	it.	We	have	succeeded	in	fabricating	highly-efficient	solar	cells	on	the	salt-
coated	 substrate	 by	 using	 barrier	 layers	 to	 protect	 the	 silicon	 material	 from	 the	 chemical	 effects	 of	 the	 sodium	
chloride.	 Further,	 we	 have	 turned	 around	 the	 challenge	 of	 the	 roughness	 of	 the	 salt	 layer	 into	 an	 advantage,	 by	
material	 and	 design	 optimization	 so	 that	 the	 roughness	 actually	 results	 in	 nanophotonic	 features	 in	 the	 solar	 cell.	
These	nanoscale	rough	features	in	the	solar	cell	layers	and	layer-interfaces	lead	to	absorption	of	more	light	in	the	solar	
cells	resulting	in	enhanced	efficiency."	

Dr.	 Rita	 Rizzoli,	 senior	 scientist	 at	 CNR-IMM	Bologna	where	 the	 silicon	 layers	were	 grown,	 added,	 “The	 protective	
barrier	 layer	 is	 crucial	 to	 the	 approach	 we	 have	 used.	 It	 also	 supports	 the	 solar	 cell	 after	 it	 is	 detached	 from	 the	
underlying	glass	substrate.	The	simple	water-based	dissolution	method	means	 that	 the	glass	substrate	 is	unharmed	
because	there	are	no	harsh	chemicals	or	detrimental	physical	processes.	Thus,	the	glass	substrate	can	be	reused	with	
minimal	processing	for	a	next	cycle	of	deposition.”		

The	researchers	also	analyzed	the	photon-harvesting	properties	of	the	solar	cells	using	theoretical	modeling	to	further	
strengthen	their	understanding	of	the	optical	phenomena	taking	place.	Dr.	Sanjay	K.	Ram	said,	"The	solar	cell	grown	
on	the	salt-coated	substrate	shows	nearly	33%	improvement	in	the	energy-conversion	efficiency	and	40%	improvement	
in	 the	 photo-current	 density	 compared	 to	 the	 solar	 cell	 deposited	 on	 the	 flat	 glass	 substrate.	 The	 post-transfer	
efficiency	of	9%	is	the	highest	among	all	reported	transferred	thin-film	solar	cells,	which	is	a	remarkable	outcome.	It	is	
highly	encouraging	to	develop	a	way	to	enhance	efficiency	using	a	technique	as	simple	and	low-cost	as	this.”		

Prof.	Peter	Balling,	head	of	the	semiconductor	group	at	Aarhus	University	said,	"We	are	delighted	with	the	outcome	of	
this	 study.	 The	 result	 represents	 a	 true	milestone,	which	was	 obtained	 after	 a	 dedicated	 research	 endeavor	made	
possible	by	 Innovation	Fund	Denmark	through	the	THINC	project.	We	are	grateful	for	the	trust	the	Innovation	Fund	
showed	us	by	financing	this	international	research	project	–	and	of	course	pleased	to	present	this	new	technology	as	a	
direct	outcome	of	their	investment.	We	are	presently	developing	projects	based	on	the	new	concept	that	will	explore	
the	transfer	of	these	solar	cells	to	a	variety	of	surfaces	for	specific	applications	–	also	 in	collaboration	with	relevant	
industrial	partners."		

The	 work	 was	 funded	 by	 Innovation	 Foundation,	 Denmark	 under	 the	 projects	 THINC	 and	 SunTune,	 and	 the	
experiments	were	carried	out	at	Aarhus	University	and	CNR-IMM	Bologna,	Italy.	The	study	has	been	published	in	the	
reputed	journal	Nanoscale.		
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Summary	of	the	concept	of	detachable	solar	cells	with	built-in	light-trapping	nanofeatures	

The	 fabrication	 of	 silicon	 thin	 film	 solar	 cell	 on	 a	 glass	 substrate	 coated	with	 sodium	 chloride	 (table	 salt)	 leads	 to	
formation	of	nanophotonic	features	in	the	solar	cell	due	to	the	nano-scale	roughness	of	the	sodium	chloride	layer.	This	
is	 the	 first	 reported	 use	 of	 a	 sodium-chloride	 layer	 to	 create	 light-trapping	 features	 in	 a	 solar	 cell.	 The	 nanoscale	
features	 in	the	semiconductor	 layers	and	their	 interfaces	 lead	to	 light-trapping	 in	the	solar	cell	resulting	 in	very	high	
short-circuit	current	and	energy	conversion	efficiency.	When	the	sodium	chloride	is	dissolved	away	in	water,	the	solar	
cell	is	detached	from	the	glass	substrate	while	retaining	the	light-trapping	features,	thus	enabling	a	solar	cell	that	has	
a	very	high	efficiency	even	after	transfer	from	the	primary	growth	substrate	to	a	secondary	surface.	The	challenging	
issues	in	this	technique	are	related	to	the	protection	of	the	solar	cell	layers	from	the	sodium	chloride	layer	during	the	
solar	cell	fabrication	process	and	the	protection	of	the	solar	cell	from	the	water	during	the	detachment	process.	This	
was	ensured	by	judicious	use	of	protective-barrier	layers	of	silicon	dioxide	and	polymer	coating.		

The	 highlights	 of	 the	 technique	 are	 its	 low	 cost	 and	 potential	 for	 scalability	 to	 industrial	 implementation.	 Previous	
attempts	 at	 separation	 of	 solar	 cells	 from	 their	 substrates	 have	 been	 challenged	 by	 either	 poor	 post-transfer	
efficiencies	 or	 the	 involvement	 of	 complex	 physical	 or	 chemical	 processes	 that	 are	 not	 compatible	 with	 industrial	
adaptation	of	the	techniques.	The	combination	of	detachability	and	light-harvesting	has	never	been	reported	before.	
It	 is	 anticipated	 that	 the	 technique	 developed	will	 contribute	 to	 diverse	 applications	 based	on	 transplantable	 solar	
cells.	 A	major	 component	 of	 the	 cost	 of	 solar	 energy	 is	 the	 use	of	 expensive	 substrates.	 The	 technique	 allows	 the	
detachment	of	the	solar	cell	leaving	the	substrate	undamaged	and	available	for	reuse.	Thus,	the	technique	is	expected	
to	be	extremely	cost-efficient	while	enabling	the	integration	of	solar	cells	into	a	wide	variety	of	devices	and	consumer	
products.			

About	Aarhus	University	

With	 a	 staff	 of	 11	 500	 and	 42	 500	 students,	 Aarhus	 University	 (www.au.dk/en)	 is	 the	 second	 largest	 university	 in	
Denmark.	 The	 institution	 was	 founded	 as	 late	 as	 1928,	 but	 owing	 to	 its	 size	 and	 impressive	 results	 as	 a	 research-
intensive	university,	Aarhus	University	has	a	strong	reputation	and	influence	across	the	entire	spectrum	of	disciplines,	
locally,	 nationally	 and	 globally.	 With	 the	 main	 campus	 still	 in	 Aarhus,	 the	 second	 largest	 city	 in	 Denmark,	 Aarhus	
University	 now	 has	 departments	 in	 many	 parts	 of	 the	 country.	 The	 university	 is	 ranked	 in	 the	 top	 100	 by	
several	influential	rankings.	


