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Photovoltaic technologies

15t generation

* Mono or polycristalline Silicon

2"d generation
* Thin films : CIGS, CdTe, a-Si

30
g 25
> 20
o
s b A
T 10 1 cm? (litterature)
c Perovskite
0 4 cm? (master thesis)

2009 2010 2011 2012 2013 2014 2016 2017
Years

3rd generation

* Perovskitesolar cells

http://www.nrel.gov/pv/

v" High absorption coefficient over the
visible solar spectrum

v Low cost manufacturing process and
raw materials

% UV and moisture sensitive

% Contains lead (CH;NH;Pbl,)
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Perovskite-based PV cell consitutants

Counter-electrode Hole transporting material
- Gold —> Spiro-MeOQOTAD

Perovskite P RO OPODdd
= CH3NH;Pbl; CH3;NH;Pbl; Cl,
- Absorbs light, creates electron-

hole pairs Dense TiO,

- Avoids short-cuts
Substrate

Mesoporous TiO, - FTO conducting glass
—> Filled by the perovskite
- Collects the electrons

0,0006
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0,0001

Measured photocurrent (A)

0
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Applied voltage (V)
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Part A: Part B:
Dense perovskite Porous perovskite

Objective: n>10% Objectives:
- Coloration
- Effect of 3D structuration on 1
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Part A— Dense —1 step/2 steps deposition process —
CH;NH,I (MAI) + Pbl, = CH;NH,Pbl,

[ 1STEP: )
\ Pb + MAI
precursors
— - > e
Stabilization
\ Spin coating )
2 STEPS :
\ Pb precursor
I S
r— S— > >
w Immersion Stabilization
Spin coating MAI solution
1280C October 11, 2018 7
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Part B — Porous — Templating method

15t step : PS beads layer deposition

) PS beads

N suspension "'
X >

Stabilization

Spin coating

- Well organized and high coverage
PS beads layers
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Part B — Porous — Templating method

15t step : PS beads layer deposition

~ PS beads
suspension

Stabilization

Spin coating

2nd step : perovskite infiltration (1-step process)

Perovskite precursor

. .A.A.JQ‘Q.
XX EI IO
000006060

N g

Cristallization
Spin coating Beads elimination
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V. Results

A. Dense perovskite

B. Porous perovskite

reenmat
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Experimental parameters

1-step/2-steps
deposition process

Substrate
+ dense TiO,

Hole transporting
material

Parameters Thermal treatment

Anti-solvent
smoothing

Counter-electrode

Cl- doping or
mesoporous TiO,

o
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Best parameters

2-steps
deposition process

Substrate
+ dense TiO,

Solvent
DMSO

Hole transporting
material

Parameters Thermal treatment

Counter-electrode

Cl-doping or
mesoporous TiO,
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Mesoporous TiO, (WITHOUT doping) — electron collector

co@o’

G

Experimental parameters

Deposition process 2 steps
Solvent DMSO
Pbl, Film 40 wt%
Conversion Immersionin a MAI solution
Thermal treatment 15 min 75°C

N:9.0%

Ffo  TiO,+ perovskite Perovskite
overlayer

40% Pbl,

v Championcell : n:11.0%

reenmat October 11, 2018

Without mesoporousTiO,:
1N:0.1%

Efficiency improvement :
- Electron transfer within
mesoporous TiO,

13
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Cl- doping
Experimental parameters s . A : CH;NH,PbI,Cl,
Deposition 2 s ) 0 |
process € 2500 ‘
Solvent DMSO 0 | I
Solution Pbl, + MAI:MACI ol — ‘ oA ] 'l'._____g__ A
el 15 min 135°C &
treatment
Pbl,-MAI-MACI No thickness limitation related
- | to charge diffusion length
1:8.0%
v/ Championcell : :12.1%
ot
coo( 14
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V. Results

A. Dense perovskite

B. Porous perovskite
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Experimental parameters

Studied parameter : precursor solution concentration and doping

1-step deposition
process

Solvent
DMSO

Substrate
+dense TiO,

Thermal treatment
Parameters 100°C 60 min

Hole transporting
material

Counter-electrode

5 bead diameters:
300/540/810/
1000/2100 nm

o
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Concentration

G

Optimal concentration Pbl,/ MAI: 0.7 M

et

e

October 11, 2018

Thickness : 1.0-1.2 um

PS 1000
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Concentration

- Optimal concentration Pbl,/ MAI: 0.7 M It concentration < 0.7M _
, - -> Not uniform and poor coverage films

If concentration >0.7 M
- Dense perovskite overlayer

October 11, 2018 18
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Doping + concentration

‘ Use of PbCl, as chlorine source :

PbCl,/ MAI-0,7 M

AR Oo-. .
Fagy i 2 ® ..|4."o.\"ﬂ.ﬁ. "y
.

J"A

c NO perovskite overlayer and more uniform films with
PbCl,/MAI 1.0 M =» Cells assembly

e @
0009

00.00
ooo
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Thickness :

1.0-1.3 um
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PV efficiencies

DENSE  PS 300 PS @) PS beads
WITHOUT 919, 1.0%
doping
WITH S o
doping | 80% 1.1%

Efficiency improvement with PS bead diameters
Doping effect not obvious (>< Dense)

Efficiency improvement due to 3D structuration
(>< Dense WITHOUT doping)

\
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PV efficiencies

DENSE  PS 300 PS 540 PS 810 PS 1000 = () PS beads

WITHOUT

. 0.1% 1.0 % 1.1 % 1.9% 0.8% 2.3 %
doping
WITH
doping 8.0 % 1.1% 1.6 % 2.2 % 3.0% 2.5%

WITH doping

# Coloration of illuminated films on silicon substrates
v" Building integration

o0 O )

br cenmat October 11, 2018 18
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(" Dense perovskite ) v Goal :n>10%
BUT mesoporous TiO, /doping required

Champion cell : Champion cell:
\- / n:11.0% n:12.1%
2-steps + mesoporous TiO,
G Perovskite
S | FTo  TiO,+ perovskite DyRHayEl
TIir October 11, 2018
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4 Dense perovskite h

~ S v Goal:n>10%
BUT doping /mesoporous TiO, required

~
" Porous perovskite ‘

v/ Goal : coloration and / n with 3D structuration
(>< Dense WITHOUT doping)

3T October 11, 2018 2



o

" Thank you for your attentlon &

Thank toleveryone Who has contrlbuteddvrectly or
" > . mdwec‘t’ly to this m,_a,st%er thasls

'§§§éreenmat October 11, 2018



	Diapositive 0 Influence of the microstructure and doping of CH3NH3PbI3 and CH3NH3PbI3-xClx films as photoelectrodes in perovskite-based photovoltaic cells 
	Diapositive 1
	Diapositive 2
	Diapositive 3
	Diapositive 4
	Diapositive 5
	Diapositive 6
	Diapositive 7
	Diapositive 8
	Diapositive 9
	Diapositive 10
	Diapositive 11
	Diapositive 12
	Diapositive 13
	Diapositive 14
	Diapositive 15
	Diapositive 16
	Diapositive 17
	Diapositive 18
	Diapositive 19
	Diapositive 20
	Diapositive 21
	Diapositive 22
	Diapositive 23
	Diapositive 24
	Diapositive 25

