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How about organic-inorganic halide perovskite (MAPbI3)? 

Electrical conductivity as a function of temperature for different age of the sample 
which was exposed to one sun illumination (left) and was stored in the dark (right). 

Conductivity decreases with temperature (different behavior 
from convectional semiconductor). Then, MAPbI3 is metallic? 
Electron may be scattered by phonon vibration due to organic 
molecular motion. 

Bizuneh Gebremichael et al., Physica B: Condensed Matter, 514, 2017, 85-88 



Phase dependent exciton BE of MAPbI3 

(Shivam Singh et al., J. Phys. Chem. Lett. 2016, 7, 3014−3021) 

FWHM = exciton BE (related to disorder)  

Eg increases with temp: contrary to conventional semiconductor  

Exciton BE 
=26 meV 

Exciton BE =36 meV 
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► 3-D map of the wrinkle morphology 

(40% compressive strain). 





Solar Cell Work, since 1997 
Dr. Arthur Frank 

http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=ujbSgdBFzz12zM&tbnid=qUB6IMkDltGNsM:&ved=0CAUQjRw&url=http://lpi.epfl.ch/graetzel&ei=ng6ZU5XbNIzk8AWGpYLgBA&bvm=bv.68911936,d.dGc&psig=AFQjCNECkUttW8DqVnCDHbgOAzw4tmbhPg&ust=1402626072935316


DSSCs stop growing: Efficiency of ~ 12% since 1997 

Due to low absorption coefficient of N719  



Scientists struggle for finding good sensitizers like QD with high  
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NanoEuro2007 Conference 
September 11-14, 2007, St-Gallen, Switzerland  

(Organized by DyeSol)   



“Perovskite-sensitized DSSC” Talk given by T. Miyasaka 

Program 

Efficiency of MAPbI3 sensitized liquid DSSC was about ~2% 





We started perovskite work since then 

I asked Dr. Song Rim Jang (my first postdoc in my lab at 
KIST) to try to make perovskite film and solar cell 

Dr. Song Rim Jang 

2007, St-Gallen, Switzerland  



Report on Perovskite Exp. (Jun. 7, 2008) 
By Song Rim Jang (postdoc in 2008) 



Report on Perovskite Exp. (Jun. 7, 2008) 



Report on Perovskite Exp. (Jun. 7, 2008) 
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CH3NH3I + PbI2         (CH3NH3)PbI3 

40 wt% in GBL (~ 1.2 M) 

(1) 10% (2) 20% (3) 30% (4) 40% 

JSC (mA/cm2) VOC (V) FF  η (%) Thickness 

w/o surface treatment 15.99 0.629 0.617 6.20 
3.6 μm 

w/ surface treatment 15.82 0.706 0.586 6.54 
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Jeong-Hyeok Im  



w/o electrolyte 1 min  10 min  

20 min  25 min  30 min  



First Attempt with P3HT 
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Jsc = 11 mA cm-2 
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July, 2011 



Sensitizer 
TiO2 : TP : EC : LA 
=1.25 : 6 : x : 0.1   

Jsc (mA/cm²) Voc (V) FF PCE (%) A (cm²) t (μm) 

Perovskite 

0.3 14.9  0.849  0.47  6.0  0.226  1.25 
0.4 17.2  0.807  0.45  6.2  0.209  1.71 
0.5 13.5  0.822  0.50  5.6  0.244  1.83 
0.6 14.3  0.805  0.49  5.7  0.219  1.84 
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November, 2011 

MAPbI3 

joined 

Hui-Seon Kim  



Decrease in mp-TiO2 thickness? 
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F(x): intensity at a point x below the 
surface of a semiconductor 
F(x0): intensity at a surface point x0 

α: absorption coefficient 
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PV Performance increased as thickness decreased  
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#1,424 released in 2018 (more than 4,000 papers expected) 



Renewable and Sustainable Energy Reviews 80 (2017) 1321–1344 

Energy Payback Time 





On the I-V Hysteresis 
Severe hysteresis leads to  

poor stability 
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Capacitive Current 

RS FS 

Increases in Capacitance leads to Hysteresis 
Management of Capacitor Component in PSC is important 

Photonics 2015, 2(4), 1101-1115 

𝑰 = 𝑪
𝒅𝑽

𝒅𝒕
 



► Importance of Interface 

 (J. Phys. Chem. Lett. 2015, 6, 4633−4639) 

• Hysteresis: normal vs inverted structure 

• Effect of selective contacts on hysteresis 





Interfacial Engineering with 2D (PEA)2PbI4 

3-D  
MAPbI3 

3-D  
MAPbI3 

2-D 
(A2PbX4)  

A = PEA 



Hysteresis reduced by modification with 2D 
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MAPbI3 

PEA2PbI4 

Higher energy for iodide displacement in 2D than in 3D 



Humidity Test 

Closed vessel 

RH = 85% 

H2O 

MAPbI3 film (2D)x(MAPbI3) film 

Black curtain 



Device stability of (2D)x(MAPbI3) under R=85%  
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In-situ formation of 2D on perovskite surface 

(5-AVAI)2PbI4 : 5-ammoniumvaleric acid 



Post-treatment of 5-AVAI on PbI2 excess PSK 

Device A: stoichiometric 
(FAPbI3)0.88(CsPbBr3)0.12  

Device B: non-
stoichiometric 
(FAPbI3)0.88(CsPbBr3)0.12 
with excess 8 mol% PbI2 

Device C: 5-AVAI post-
treatment on A  

Device D: 5-AVAI post-
treatment on B  

FAI + excess PbI2 

CsBr + PbBr2 PbI2 

5-AVAI in IPA 

(5-AVAI)2PbI4 



Scan rate independent 
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Evidence of in-situ formed 2D 
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Effect of In-situ formed 2D on stability 



Ion exchange 

and drying 

FAPF6 in IPA 

FA0.88Cs0.12PbI3 
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Ion Exchange Reaction for Interfacial Engineering 
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Figure 6. (a) J-V curves and 

(b) corresponding IPCE 

spectra of the champion 

control and target devices. 

Control and target devices 

were fabricated based on 

FA0.88Cs0.12PbI3 

perovskite films without 

FAPF6 treatment and with 7 

mg/mL FAPF6 treatment. J-

V curves were  measured in 

reverse and forward with a 

scan rate of 150 mV/s under 

simulated AM 1.5G 

illumination of 100 

mW·cm−2. (c) Current 

density and power 

conversion efficiency as a 

function of time for 

champion control and target 

devices holding the voltage 

at the maximum power 

point without pre-exposure 

under one sun illumination. 

(d) Nyquist plots of control 

and target devices 

performed with a bias of -

0.6 V in the frequency range 

of 1 MHz to 0.1 Hz in the 

dark.  
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Only KI? Other Alkali metal iodides? 



Scan rate independent I-V behavior 



Morphology not affected by KI 

cf) Hysteresis can be affected by grain size 



𝑉𝑇𝐹𝐿 = 𝑒𝑛𝑡𝑑
2/2𝜀𝜀0 (nt: trap density) 
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PSC R&D Direction 



0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
10

20

30

40

50

60

 

J
s
c
 (

m
A

/c
m

2
)

E
g
 (eV)

(a)

0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
0.0

0.5

1.0

1.5

2.0

 

S-Q
 Lim

it

V
o

c
 (

V
)

E
g
 (eV)

Band gap(b)

0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
50

60

70

80

90

100

 

F
F

 (
%

)

E
g
 (eV)

(c) ● GaAs 
● InP 
● GaInP 
● c-Si 
● mc-Si 
● CIGS 
● CdTe 
● CZTSS 
● Perovskite 
● OPV 
● DSSC 



● GaAs 
● InP 
● GaInP 
● c-Si 
● mc-Si 
● CIGS 
● CdTe 
● CZTSS 
● Perovskite 
● OPV 
● DSSC 

0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.70

0.75

0.80

0.85

0.90

0.95

1.00

GaAs

Carrier Management

 

 

J
s
c
/J

S
Q

(V
oc

XFF)/(V
SQ

XFF
SQ

)

Perovskite

L
ig

h
t M

a
n
a
g
e
m

e
n
t

Pushing Voc and FF up toward S-Q limit is important! 



1.0 1.1 1.2 1.3
0.78

0.80

0.82

0.84

0.86

0.88

0.90

0.92

n = 2

n = 1.5

F
F

V
oc

 (V)

n = 1

n: ideality factor

Ideal diode with high Voc will be best for FFSQ 

vOC vOC 

vOC 

vOC 



Recombination! 
 
Understanding “Recombination” is most important  

Common issue to get S-Q limit Voc and FF 

in order to allow only band-to-band 
recombination  



Radiative recombination 

Shockley-Read-Hall (SRH) 
recombination (non-radiative) 

interface 



How to evaluate ideality (nID)factor 

1. Light-intensity dependent Voc (reliable) 
 
 
 
2. Dark JV (due to parasitic resistance) 
 
 
 
3. Electroluminescence (due to parasitic resistance) 
 
 
 

W. Tress et al., EES, DOI: 10.1039/c7ee02415k 

For PSC 
1.2<nID<5? 



Optical determination of SRH and interface recombination using EQYPL 

* Similarly to Voc-I, the free energy (chemical potential) of the electron-hole pairs 
(μ) as a function of the intensity of the exciting light (Iex), namely the μ-Iex 
characteristics 

Scientific Reports | 7:44629 | DOI: 10.1038/srep44629 

m: ideality factor 
For Intrinsic MAPbI3 film 
at 1sun 
μrad = 1.33 eV (Voc = 1.33 V)  
μSRH = 1.16 eV (Voc = 1.16 V) 

EQYPL = 1: only radiative recombination 



Scientific Reports | 7:44629 | DOI: 10.1038/srep44629 

For heterojunction with ETL and HTL 

Three processes 
Radiative 
SRH 
Interface 

m = 1.5 

m = 2 

Voc = 1.33 V (ideality factor = 1) PCESQ = 30.5%  
(Jsc = 25.4 mA/cm2, FF = 0.91) 





Risk of medical X-ray radiation 

Repeated exposure to medical X-ray radiation can 
accumulate over time to substantial cancer-causing doses  

Searching sensitive X-
ray detector materials 
is a solution for this 
dose-risk problem. 

Endocrine Reviews, October 2010, 31(5):756–773 



Indirect and direct X-ray imaging 

Two flat detector technologies 
Indirect method: thallium doped cesium iodide (CsI:Tl) scintillators 
Direct method: amorphous selenium (a-Se) particularly suitable for 
mammography due to good X-ray conversion efficiency 

Indirect (scintillator) direct 

(a-Si) 



Multicrystalline Perovskite Crystal (MPC) 

30 m 400 m 



Perovskite X-ray imaging 

Nature, 550, 87-91, 2017 


