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•  Energy		resources	
•  The	solar	energy	spectrum	distribution	
•  Types	of	solar	cells	
•  Parameters	of	solar	cells	
•  Perovskite	solar	cells	

What	is	perovskite	crystal	?	,	superiorities,	
challenges	
The	working	principle	of	the	perovskite	

•  Measurements	and	characterization	techniques 
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•  Experimental		
Synthesis  methylammonium iodide using 
(MA+HI) 
Synthesis led iodide (Pb(NO3)2 + KI )  
Synthesis of methylammonium lead iodide in 
two different media (DMF and DMSO) 

•  Structure		of	perovskite	solar	cell	
•  Device	fabrication	
•  Results		and	discussion	
•  conclusion	



Solar	energy	spectrum	distribution  
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 Fig. 1 The solar energy spectrum distribution 

About	330		sunny	day	/y	
( 8 h r s / d a y ) S o l a r		
radiation>1500W/m2	

https://www.pinterest.com/pin/4574037099007741/ 



Types	of		solar	cells 
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Dye	sensitized	solar	cell Organic	solar	cell	 

Cd	Te	solar	cell Poly	crystalline		
silicone		solar	cell 
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Perovskite	solar	cell 

Monocrystaline	silicon	
solar	cell 

Gallium	arsenide	solar	
cell 

Multi		junction	solar	cell	 
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Ø Short Circuit Current Jsc 

Ø Open	Circuit	voltage	Voc	

Ø Optimum	voltage	Vm	

Ø Optimum	Current	Jm	

Ø Maximum	power	Pm	

Ø Fill	factor	FF	

Ø Efficiency ƞ 

Parameters	of	Solar	Cell	

Vm	

Jsc	

Voc	

Pm	

Jm	

Fig.2		J-V	characteristic	curve	of	dark		and	illuminated		solar	cell 



Perovskite	solar	cell 
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Low price  promising solar cells	



Emergence of Perovskite Solar Cells 

 ɳ  about  23.3 % in 2018 

	According	to	U.S.	National	Renewable	Energy	Laboratory	(NREL)	
July	2018 

https://www.energy.gov/eere/solar/downloads/research-cell-efficiency-records 

Fig.3	Best	research	cell	efficiencies	 



What is Perovskite crystal ?  

The name “Perovskite” indicates to the 
crystal structure ABX3. The most commonly 
studied perovskite absorber is  

organo metal halide. 
  

Organic 
MA 

(cation)   

Metal 
Lead 

(cation)   
 

A B 
Halides 
Cl , Br , I 
(anion)  
 

x 

Fig.4	Perovskite	crystal	 

*	Green	MA,	Ho-Baillie	A,	Snaith	HJ.	Te	emergence	of	perovskite	solar	cells.	Nat.	Photonics.	2014;8:506–514		
 



Superiorities  of   perovskite 
•  Perovskite	material	offers	direct	optical	band	gap		about	
1.55eV.	

		
•  offers	long	diffusion	length	and	long	minority	carrier	
lifetimes	to be	extracted	as	current,	instead	of	losing	their	
energy	as	heat	within	the	cell.	

	
•  Covers	wide	absorption	range	from	visible	to	near	infrared	
spectrum(800	nm)	,	high	absorption	coefficient	(105	cm-1	).	

		
•  Perovskite	cells	deliver	ɳ	of	more	than	23	%.		
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 Con…. Superiorities of 
Perovskite 
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•  It	 has	 high	 dielectric	 constant,	 fast	 charge	 separation	
process,	 long	 transport	 distance	 of	 electrons	 and	 holes	
and	long	carrier	separation	lifetime.	

		
•  This	 low	 cost	 material	 helps	 in	 using	 as	 windows	 of	

buildings,	top	of	cars	and	walls	to	produce	free	 	electrical	
power.		

	
Perovskite	 material	 such	 as	 methylammonium	 lead	
halides	 (CH3NH3PbI3)	 are	 far	 inexpensive	 and	 simple	 to	
manufacture.	
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•  Degradation	issue	of	methyl	ammonium	lead	
iodide	Perovskite	.	

	
•  The	perovskite	material	will	break	down	quickly	
due	to	exposure	of	heat,	moisture,	snow	etc.	

	
•  	The	material	is	toxic	in	nature.		
	
•  Dr.	Wang	S.	found	that	iodide-based	perovskite	
produce	a	gaseous	form	of	iodine	during	operation,
(MAPbI3	into	PbI2	)	

Challenges	



Structure		of	perovskite	solar	cell 
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*	https://phys.org/news/2018-04-perovskite-solar-cells-efficient.html 

Fig.5	Structure		of	perovskite	solar	cell	 
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Operation	of	perovskite	solar	cells 

Fig.6	Operation		principle	of	perovskite	solar	cells 
  



• Absorption spectrum of perovskite layer was investigated using UV-VIS 
spectrophotometer (200nm-850 nm) .  
 
•  The performance of the assembled cells was measured using a simulated AM 
1.5 sunlight illumination with an incident light power of 100 mWcm-2  using 
Elvis national instruments . 

(b) 
 Fig.	7	Characterization	techniques	(a)Double	beam	shimadzu	UV-1601,		
	(b)	NI	ELVIS	with	simulated	AM	1.5	Sunlight 
 

Measurements and characterization techniques 

(a) 



1.  Synthesis  Methylammonium Iodide CH3NH3I  using (MA+HI) 

2.  Synthesis Led Iodide PbI2 (Pb(NO3)2 + KI ) in  D.I water 

3.  Synthesis of methylamine lead iodide (CH3NH3Pb I3) perovskite 
crystals  using (CH3NH3I + PbI2 ) in two different media (DMF 
and DMSO) 
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Experimental  



Synthesis of  Methylammonium Iodide                                                                         
  CH3NH3I 

7 ml  of HI 

•  Drop wise of  2.9	ml	of	Methylamine		into		about	7	
ml	of		HI	in	ice	bath.	

•  Stirring	for	2	hrs.		

•  evaporation at 50 °C for 1 h followed by washing 
for 5 times using diethyl ether solvent. 

•  ( the powder turns to white) 
		
•   The final powder was then dried at 60 °C under 

vacuum  for 24 h. 
 

Stirring for 2 hrs.  
Ice bath 



Synthesis Led Iodide PbI2 (Pb(NO3)2 + KI ) in  
D.I water 

1 mole  of  
Pb(NO3)2 

•  Drop wise of  1	mole	of		KI into		about	1	mole		of		
Pb(NO3)2  (solvent D.I water )	

•  Stirring	for	0.5	hr.		

•  Washing  the precipitate 5 times using D.I water.) 
		
•   The final powder was then dried at 60 °C under 

vacuum  for 24 h. 
 

Stirring for 0.5 hr.  



0.5 g  of 
MAI 

1.5 g of 
PbI2 DMF 

0.5 g  
of MAI 

1.5 g of 
PbI2 DMSO 

Synthesis of methylamine lead iodide (CH3NH3Pb I3) 
perovskite crystals using different concentration solutions 
(30%, 40%, and 50%) of the DMF and the DMSO  

perovskite	 coating	 solutions	 were	 prepared	 by	 mixing	 0.5	 g	 of	 the		
synthesized	MAI	and	1.5	g	of	PbI2;	then	were	divided	into	two	groups,	I	
and	 II.	 Each	 group	 was,	 separately,	 dissolved	 in	 	 different	
concentration	 solutions	 (30%,	 40%,	 and	 50%)	 of	 the	 DMF	 and	 the	
DMSO,	respectively.	The	obtained	coating	solution	was	kept	in	a	dark	
place.	



Band gap tuning  by manipulation of cation and anion 
  
Bandgap tuning is required to extend the absorption to longer wavelengths 
without sacrificing the absorption coefficient. 

Changing in any of A, B and X in ABX3 changes the bandgap  
The bandgap also can be tuned in between 1.55 eV and 1.17 eV by varying 
the ratio of lead to tin . 

FA: formamidinium HC(NH2)2
+   

Volume 11, Issue 1, pages 10-25, 30 OCT 2014 DOI: 10.1002/smll.201402767 
http://onlinelibrary.wiley.com/doi/10.1002/smll.201402767/full#smll201402767-fig-0002 

Fig.9	Band	gap	tuning 



Fabrication of Perovskite solar cell 
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Ø  Cleaning of  FTO substrate  
 
 

Ø  Deposition of (TiO2 sol gel) for  compact layer using spin coating 
    (procurer Titanium iso peroxide + HCL in ethanolic solution )  
				Drying		at	180	°C	for	15	min	and	then	sintered	at	500	°C	for	30	min.		

 
Ø  A mesoporous thick layer of TiO2 nanoparticles was then 

deposited onto the compact layer using a doctor blade method. 
The obtained layer was dried at 180 °C for 15 min then 
sintered at 450 °C for 30 min 	
 

Ø  The CH3NH3PbI3 perovskite based (DMF/DMSO) solutions were 
then, separately, deposited onto the mesoporous layer using a spin-
coating method at 3000 rpm for 30 s and heated up to 100 °C for 
15 min 	
 

Ø  placing a Pt-coated silicon substrate for cathode on 
the top absorber layer	
 

Pt/ Si substrate 



UV-VIS absorption spectrum of perovskite layer (Different Solvents) 

•  A wide absorption window broad extends from the visible to the near-IR region was 
observed for both perovskite layers indicating the high absorption of the perovskite 
material in the visible light. 

Fig.11	UV-Vis	absorption	spectrum	of	perovskite		layer		in	(a)	DMF,	(b)DMSO 

(a) (b) 



Effect of perovskite solution concentration on 
perovskite solar cell performance  

Solvents Concentration Photo current 
density (mA/cm2) 

Open circuit 
voltage (mV) 

Filling factor 
(%) 

Efficiency (%) 

DMF 30 5.6 716 65 2.6 
40 12.4 743 61 5.63 
50 11.9 693 59 4.88 

DMSO 30 4.7 704 58 1.96 
40 10.5 725 61 4.7 
50 10.5 693 62 4.49 

	

Fig.12	IV	curves	of	perovskite		solar	cells		in	,	(a)	DMF,	(b)DMSO 



Conclusions 
•  Easy and simple structured perovskite solar cells were designed for efficient 
low cost organo-lead-halide Perovskites solar cells by using inexpensive 
precursor (free of the hole transport layer) 
 

• The influence of the concentration and the type of the solvent (DMF and 
DMSO), of the obtained perovskite materials on the performance of the solar 
cell has been investigated. It was found that the 40% concentration of DMF is 
the optimum for the PSC in our work 

 
•  Voc  about 750 mV,  Jsc of 12.5 mA/cm2  and ɳ about 5.7%  for 40% 
concentration of DMF is the optimum for the PSC in our work 
 
 
• 	 J	 	 of	 	 PSC	demonstrates	 an	efficient	 charge	 generation	and	 transport	of	 both	
electrons	and	holes,	which	may	be	attributed	 to	better	ability	of	 the	perovskite	
material	to	infiltrate	the	pores	of	the	TiO2	mesoporous	layer. 



Material		science	and	engineering	research		
group	(MSERG)-	Al-azhar	University	



Thank	you	for	attention		
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