
	

•	The	dependence	on	P	of	the	PL	intensity	V?0	was	fitted	with  �∝�� [q]F

•	Two	different	regions	were	identified	VK	and	N0F

•	?n	region	of	the	lower	excitation	power	values:	the	estimated	m	suggest	some	localization	

degree	of	the	charge	carriersF		

 

•	The	dependence	on	P	of	5	was	fitted	with I= I0exp(E/β) [D]F			

•	K	value	of	;;	meV	was	estimated	for β.

•	The	estimeted	value	for	β	is	typical	for	heavily	doped	and	highly	compensated	materialsF

•	The	power	excitation	VP0	was	varied	from	MF4	to	;MM	mWF	

•	With	the	increase	of	the	excitation	powerZ

		-	slight	increase	of	%W<MS

		-	no	significant	change	of	the	shapeS

		-	blue	shift	of	the	peak	energyF

•	Kt	lower	temperatures	the	luminescence	is	dominated	by	an	asymmetricLbandLwith	
peak	energy	V50	atL/g--LeVgL

?nfluence	of	defects	on	photoluminescence					
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•	Two	peaks	with	origin	in	the	Mo	layerF

•	The	reflections	on	the	planes	VMMb0:	V;M;0:	V;Mk0:	VMM20:	VMMq0		can	be	

related	only	to	CZTS	phaseF

•	The	attribution	of	a	few	of	the	most	intense	reflection	peaks	is	not	clear

•	>ue	to	quite	similar	structure	and	unit	cell	size	of	different	crystalline	

phases:	including	GZTS:	just	XR>	analysis	do	not	allow	the	distinction	

between	CZTS:	GubSnSk	VGTS0	and	ZnSZ	the	presence	of	ZnS	and	GTS
can	not	be	excludedF	

TheLcombinationLofLXRDLwithLRamanLspectroscopyLisLmandatoryg
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The	dependences	of	the	PL	 intensity	on	the	excitation	power	and	temperature

	allowed	to	establish	a		model	of	radiative	under	the	 influence	of	potential fluctuations	 in	the		valence	bandF	

TheLdiscussionLofLtheLnatureLofLtheLradiativeLtransitionsLrequiresLtheLstudyLofLtheLinfluenceLofLtemperatureLandLLexcitationLpowerLLonLtheLPLLg

from	GubZnSnS2	thin	films							

•	CZTS	is	the	dominant	phase	due	to	the	K	mode	Vkesterite	phase0	at	
kkC	cm-;	and	few	other	modes	with	much	lower	relatively	intensitiesF

	

•	Trace	of	GTS	phaseF

•	The	5;VLO0	mode	of	the	GdS	phase	is	also	a	dominant	peak	in	all	

	spectra	due	the	measurements	carried	out	in	solar	cellsF

RAMANLZabRam0Ooriba0ORê990UV0spectrometerE0excitation0line0at0NFI0nm00000000000000000000000
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TheLst ructura l Lcharacter izat ion Lundoubt ly LshowedL that Lour L th in L f i lmsLare Ldominate dLby L
CZTSLcrysta l l ine Lphaseg

T h e  p r e s e n c e  o f  C T S  p h a s e  c a n n o t  b e  e x c l u d e d .

PL0(ruker0WGS0ççv0GTWR0spectrometerE0:e0detector0and0excitation0with0Br/0ion0laser02NAS4N0nmT

GubZnSnS2 	 VCZTS 0 	presents 	promis ing 	proper t ies 	 for 	 th in 	 f i lm 	
photovoltaics		VPV0	technology	[;]Z	

	•	non	toxic	character	and	availability	of	the	constituentsS	

	•	high	absorption	coefficient	VR;M2	cm-;0	in	the	near-infrared	and	visible	

			spectral	regionsS

	•	almost	optimal	direct	bandgap	energy	V;F3	eV0F

<uge	increase	of	the	efficiency	of	CZTS	based	solar	cellsZ	MF44E
V;CC40	to	qF2E	VbM;k0	[b:k]F	This	record	is	far	from	the	one	obtained	

for 	G?/S 	VbMFCE0 	and 	multicrystalline	silicon	VbMF2E0	[2:3]F	

The	efficiency	limits	of	CZTSLbased 	solar	cells	may	be	dueZ	
	•	fluctuations	of	stoichiometry	along	the	thin	filmS

	•	heavily	doping	and	high	compensation	valuesS	

	•	local	disorder	at	grain	boundariesF

LAllLtheseLissuesLwillLstronglyLaffectLtheLelectronicLlevelsLstructuregLL
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CZTSLthin	film	was	obtained	through	rapid	termal	processing	VRTP0	of	hybrid	multiperiod	precursors	layer	
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Structural	and	electronic	inhomogeneities	create	potential	fluctuations	that	affect	the	

conduction	and	valence	band	edge	with	strong	influence	on	the	solar	cells-efficiencyF

5lectrostatic	fluctuations

InLCZTSLwillLbeLexpectedLtheLpresenceLofLbothLfluctuationsg

Eg

Ev

Ec

Nandgap	fluctuations

• 	 ?nhomogeneous 	distr ibution 	of 	chargesF 	

•	Variations	of	alloy	compositionS	

•	StressS

•	StoichiometryF

•	The	temperature	VT0	was	varied	from	D	to	bMM	KF

	

•	RedLshiftLofL-/g/LmeVLfor	the	range	DjTjCq	K	followed	by	a	blueLshiftLofL-kgGLmeV
until	bMM	KF

•	The	temperature	dependence	of	the	5	 is	ascribed	to	the	 influence	of	mainly	of

electrostatic	potential	f luctuations	model	[4]F

TheL luminescenceL is LdominatedLby Lan Lasymmetr ic LbandLwi th LpeakLenergy Lat L/ g-- LeVg
TheLexc i ta t ion Lpower LandL temperature Ldependencies LcanLbe Lexp la inedL just Lcons ider i ng L
e lectrostat ic Lpotent ia l L f luctuat ions L in Lboth Lconduct ion LandLva lenceLbandsg

EvidenceLforLtheLexistenceLofLelectrostaticLfluctuationsgL
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