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Executive	Summary	
	

The	aim	of	this	project	is	to	design	and	demonstrate	‘tandem’	solar	cells	using	processes	and	methods	
that	can	easily	be	transferred	to	manufacturing.		In	a	tandem	solar	cell,	two	cells	made	of	different	
materials	are	stacked	on	top	of	each	other,	so	that	each	cell	only	absorbs	a	certain	portion	of	the	solar	
spectrum	–	the	top	cell	absorbs	(and	converts	to	electricity)	the	‘blue’	part	of	the	solar	spectrum,	while	
the	bottom	cell	absorbs	the	red	part.	In	this	way,	higher	conversion	efficiency	of	sunlight	to	electricity	
can	be	achieved	than	using	a	single	solar	cell	alone.		Solar	cells	based	on	perovskite	and	silicon	materials	
for	the	top	and	bottom	cell,	respectively,	are	very	attractive	due	to	their	potentially	low	cost.			

To	date,	most	of	the	work	on	such	perovskite-silicon	tandem	cells	has	used	special,	laboratory-type	
silicon	wafers,	rather	than	the	much	cheaper,	commercial	wafers	used	by	solar	cell	manufacturers.	An	
important	step	towards	commercial	application	is	the	design	and	demonstration	of	high-efficiency	
tandem	cells	that	use	such	commercial	wafers.		This	is	what	this	project	sets	out	to	do.	
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Project	Overview	

Project	summary		
We	have	worked	closely	with	our	commercial	partner	Jinko	Solar	to	develop	tandem	solar	cell	designs	
that	would	allow	us	to	use	Jinko’s	solar	cells	and	fabricate	ANU’s	perovskite	cells	directly	on	top	of	them.	
This	requires	some	small	modifications	to	the	design	of	Jinko’s	cells.	Three	different	cell	structures	were	
explored.	Cells	were	fabricated	by	Jinko	and	sent	to	ANU,	where	perovskite	cells	were	fabricated	on	top	
of	the	silicon	cells.		

The	main	goal	was	to	demonstrate	that	high	efficiency	tandem	cells	can	be	fabricated	on	commercially	
fabricated	 silicon	 cells.	 A	 further	 goal	 was	 to	 fabricate	 relatively	 large	 area	 (4	 cm2)	 tandem	 cells	 to	
demonstrate	 the	 scalability	 of	 the	 processes	 involved.	 Finally,	 some	 preliminary	 stability	 testing	 was	
carried	out.		

Project	scope	
Perovskite	–	silicon	tandem	cells	technology	is	considered	to	be	a	very	promising	technology	to	increase	
the	conversion	efficiency	of	solar	cells	and	modules	beyond	what	can	be	achieved	with	standalone	silicon	
modules,	which	currently	dominate	the	market.	Efficiencies	exceeding	the	best	efficiency	of	a	silicon	cell	
have	already	been	demonstrated.	However,	the	devices	fabricated	so	far	have	been	relatively	small	area	
(1	cm2	or	smaller)	and	have	generally	used	specialised	silicon	wafers	and	laboratory	–	type	silicon	cells.	
Such	cells	are	extremely	expensive	and	will	not	be	commercially	viable.	To	move	 towards	commercial	
viability,	 it	 is	necessary	 to	work	with	 solar	 cell	manufacturers,	understand	what	cell	 structures	can	be	
produced	 at	 a	 reasonable	 cost,	 and	 how	 they	 can	 be	 integrated	 into	 efficient	 tandem	 cells.	 It	 is	 also	
necessary	to	modify	the	perovskite	fabrication	process	in	order	to	exclude	materials	from	the	perovskite	
cell	 architecture	 that	 are	 expensive	 or	 unstable	 for	 long	 term	 operation.	 These	materials	 need	 to	 be	
replaced	 with	 cheaper	 and	 more	 stable	 alternatives,	 and	 the	 alternatives	 must	 be	 evaluated	 and	
demonstrated	in	solar	cell	architecture.		

Ultimately,	 the	 project	 goal	 is	 to	 develop	 and	 demonstrate	 new	 architectures	 and	 processes	 for	
perovskite-silicon	tandem	cells	that	enable	both-	high	conversion	efficiencies	and	low	costs,	required	for	
commercial	feasibility,	and	in	the	process	develop	a	deeper	understanding	of	the	key	technical	challenges	
that	need	 to	be	 resolved.	 Important	 in	 the	process	 is	 the	 two-way	exchange	of	 information	and	 ideas	
between	the	researchers	at	ANU	and	Jinko	Solar,	to	ensure	all	parties	can	contribute	their	perspectives	
and	insights.		

Outcomes	
Following	discussions	with	researchers	at	Jinko,	cells	were	fabricated	at	Jinko	which	were	closely	based	
on	 their	 existing,	 commercial	 cells,	 but	 with	 some	 slight	 variations	 to	 facilitate	 the	 fabrication	 of	 a	
perovskite	top	cell.	These	were	sent	to	ANU.	A	notable	feature	of	these	cells	is	that	their	surfaces	are	not	
polished,	unlike	the	vast	majority	of	the	tandem	cell	results	reported	to	date.	The	fact	that	the	surface	is	
not	polished	creates	particular	challenges	when	depositing	the	perovskite	cell.	To	date,	the	only	tandem	
cells	 that	 have	 been	 reported	where	 the	 surface	 is	 not	 polished,	 have	 used	 very	 slow	 and	 expensive	
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evaporation	methods	to	fabricate	the	perovskite	cell.	In	contrast,	our	intention	was	to	rely	on	low	cost	
solution	deposition	methods	and	try	to	address	the	challenges	arising	from	such	a	process.		

The	key	challenge	arising	from	the	use	of	non-polished	substrates	is	that	the	perovskite	film	may	not	be	
continuous,	 and	 this	may	 lead	 to	 electrical	 shunts	which	 adversely	 affect	 cell	 performance.	 This	 issue	
becomes	more	severe	as	the	cell	area	becomes	larger.	 In	our	case,	the	goal	was	to	fabricate	relatively	
large	area	cells	of	area	being	4	cm2.		

To	deal	with	the	rough	surface	of	the	silicon	cells,	we	paid	careful	attention	to	the	details	of	the	perovskite	
deposition	process.	The	perovskite	deposition	process	consists	of	two	steps:	1)	application	of	a	perovskite	
precursor	solution	on	the	substrate,	and	2)	crystallisation	of	the	perovskite	film	from	the	precursor.	There	
are	several	methods	to	reach	the	critical	crystallisation	step.	We	used	and	further	optimised	the	so-called	
‘vacuum	flash’	technique,	whereby	the	perovskite	precursor	film	is	exposed	to	a	low	vacuum,	together	
with	N2	gas	flowing	over	the	surface.	This	process,	when	properly	optimised,	allows	smooth	films	over	a	
large	area	to	be	realised	and	can	be	used	in	industrial	fabrication.	Through	optimisation	of	this	process,	
we	were	able	to	fabricate	high	quality	perovskite	films	and	cells,	and	demonstrate	a	tandem	cell	whose	
efficiency	far	exceeds	the	milestone	requirements	(achieved	>21%,	milestone	>12%).	

Many	other	details	relating	to	the	architecture	of	the	two	cells	were	also	studied.	In	particular,	we	focused	
on	the	replacement	of	expensive	hole	transporting	material	(spiro-OMeTAD)	with	lower	cost	nickel	oxide	
(NiOx).	We	were	able	 to	demonstrate	excellent	performance	with	NiOx	 films,	 thus	 showing	 that	 spiro-
OMeTAD	is	not	really	an	essential	component	in	high	efficiency	perovskite	cells.		

The	 demonstration	 of	 excellent	 cell	 performance	 using	 industrial	 processes;	 the	 optimisation	 of	 the	
vacuum	 flash	 technique	 for	 depositing	 high	 quality	 perovskite	 films	 and	 the	 replacement	 of	 the	
conventional	expensive	hole	transporting	material	with	a	much	cheaper	alternative,	were	all	significant	
technological	advances	of	this	project.	

	

Transferability	
The	 technical	 challenges	 that	 the	 project	 seeks	 to	 address	 are	 relatively	 specific	 to	 perovskite	 solar	
technology.	However,	the	achievements	and	lessons	learnt	can	be	applied	to	other	projects	which	involve	
perovskite	 technology.	 For	 example,	 the	 vacuum-flash	 technique	 is	 a	 generally	 applicable	 and	 useful	
method	to	fabricate	high	quality	perovskite	films.	

Knowledge	 sharing	 within	 the	 ANU	 is	 through	 regular	 meetings	 and	 seminars,	 as	 well	 as	 internally	
produced	documents	that	detail	specific	processes.	We	have	a	weekly	perovskite	meeting	as	well	where	
all	researchers	present	and	discuss	their	results.	We	also	have	regular	seminars	which	go	into	more	detail	
about	specific	research	topics.		

We	have	established	a	website	(perovskitegroup.com.au)	which	features	current	projects,	latest	results,	
press	releases,	researchers,	opportunities	and	publications.		

All	group	members	regularly	attend	conferences,	visit	research	institutions	and	give	talks	at	a	variety	of	
fora	to	both	specialist	and	lay	audiences.	In	addition,	significant	results	also	feature	in	media	releases.		
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Conclusion	and	next	steps	
This	project	has	so	far	been	successful	in	helping	to	bridge	the	gap	between	state-of-the-art	laboratory	
research	 and	 commercial	 constraints	 and	 considerations,	 for	 the	 commercial	 implementation	 of	
perovskite	–	silicon	tandem	cells.	However,	there	are	still	many	remaining	challenges,	some	of	which	we	
seek	to	address	in	the	remainder	of	the	project.	We	will	continue	to	work	closely	with	Jinko	Solar	to	enable	
Jinko	to	directly	benefit	from	the	project	results	and	implement	them	in	their	perovskite	pilot	production	
line.	 In	 addition,	 we	 present	 the	 major	 results	 in	 journal	 papers	 and	 conferences,	 enabling	 other	
researchers	and	companies	to	benefit	from	the	development	of	key	processes.	

	

Ultimately,	the	benefit	of	the	project	will	be	to	facilitate	and	accelerate	the	development	of	commercially	
produced	 tandem	 devices	 on	 a	 large	 scale,	 which	 in	 turn	 will	 drive	 a	 reduction	 in	 the	 cost	 of	 solar	
electricity.	The	benefit	to	the	Australian	energy	system	lies	in	lower	cost	solar	energy	generation	which	
are	passed	on	to	domestic	and	industrial	consumers.	Given	that	solar	energy	is	set	to	dominate	electricity	
production	in	Australia	in	the	near	future	(and	already	dominates	new	installed	electricity	capacity)	and	
the	massive	growth	in	clean	electricity	demand	that	will	arise	from	both	a	switch	away	from	coal	and	gas,	
and	an	electrification	of	the	transport	system,	such	a	cost	reduction	will	translate	to	a	significant	economic	
benefit.		
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Lessons	Learnt		

Lessons	Learnt	Report:	Photovoltaic	device	research	
Project	Name:	Monolithic	perovskite-silicon	tandem	solar	cells:	towards	commercial	reality	

Knowledge	Category:	 Technical	

Knowledge	Type:	 Technology	 	

Technology	Type:	 Solar	PV	

State/Territory:	 ACT	

Key	learning	
Availability	of	dedicated	equipment	can	dramatically	accelerate	progress.	
One	of	the	key	bottlenecks	in	the	project	has	been	the	unreliable	availability	of	a	particular	film	
deposition	tool.	While	a	tool	was	available	through	the	Australian	National	Fabrication	Facility	
(ANFF)	it	proved	to	be	highly	unreliable	and	results	are	not	repeatable.	This	is	a	result	of	the	fact	that	
the	equipment	is	used	for	many	different	purposes	by	different	researchers,	meaning	the	state	of	
the	equipment	cannot	be	guaranteed.		

Implications	for	future	projects	
The	experience	reinforces	the	need	for	dedicated	equipment,	although	this	is	not	always	possible.		

Knowledge	gap	
N/A	

Background	

Objectives	or	project	requirements	

Through	this	stage	of	the	project,	we	set	out	to	develop	cell	architectures	that	would	facilitate	
meeting	the	intermediate	efficiency	target	and	provide	a	pathway	to	the	final	efficiency	target.	To	
do	so,	requirements	included	i)	a	perovskite	film	fabrication	process	that	would	yield	high	quality,	
high	yield	perovskite	films	on	a	larger	area	of	4	cm2,	ii)	substitution	of	the	spiro-OMeTAD	hole	
transporting	material	with	a	more	stable,	optically	better	alternative	and	iii)	development	and	
demonstration	of	suitable	silicon	subcells,	adopted	from	the	standard	cell	architecture	used	by	Jinko	
Solar.		

Process	undertaken	

To	meet	the	requirements	of	this	stage,	we	i)	carefully	optimised	the	‘vacuum-flash’	process	to	
enable	the	fabrication	of	high	quality,	large	area	perovskite	films,	ii)	developed	NiOx	material	
through	systematic	experiments	varying	the	NiOx	deposition	parameters	and	iii)	worked	closed	with	
Jinko	Solar	to	develop	suitable	cells,	which	were	subsequently	sent	to	ANU	and	processed.		


