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Fig. 5.3

Fig. 5.4

Fig. 5.5

Fig. 5.6

Fig. 5.7

and with a continuous illumination of AM 1.5 G Sun light
(at a few intervals of time, O h, 0.5 h, 1.0 h, 1.5 h, 2.0 h, and
3.0h)

(a) Variation of extracted parameters “n” and “k” (lines are
to guide only) from fitting J = kE" for both forward scan (FS)
and reverse scan (RS) shown in the inset and (b) the
variation of conductivity with an electric field for CsPbBr3
in dark, room light (RL) and with a continuous illumination
of AM 1.5 G Sun light (at a few intervals oftime, 0 h, 0.5 h,
1.0 h, 1.5 h, 2.0 h, and 3.0 h)

(a) The o—E curves for dark and just illuminated (b)—(d)
variation of 6p, 6o, and Eo parameters with illumination time.
The negative time scale represents dark current and room
light current

(a) With the bias electric field (from the bottom to top: 0 V,
2 V, and 5 V), the photo generated current in a discharge
mode after triggering by a 5 V pulse for 50 s. The inset
shows a linear variation of the photo generated current with
the electric field. (b) Absorption co-efficient and
photoluminescence emission spectra with different
excitation energies

(a) Jonscher power fitting log—log o (conductivity)—v
(frequency) isotherms for the temperature range 301421 K
in regimes I (low frequency regime) and II (high frequency
regime). (b) Arrhenius plot of dc conductivity extracted, for
regimes I and II. (¢) Log— log o4 (dc conductivity)—vn
(hopping frequency) plots. (d)—(f) Ghosh scaling for regime
II in the temperature range 301-421 K, regime II in the
temperature range 351421 K and regime I in the
temperature range 351421 K. (g) Temperature variation of
exponent extracted from the Jonscher fitting. (h) Imaginary
impedance and the modulus bode plot and (i) Mott plots for
two regimes I and II

(a) Fitted impedance Nyquist plot at 301 K (inset)
comparative impedance Nyquist plots on a log scale at
temperatures 301 K and 426 K. (b) Fitted impedance
Nyquist plot at 426 K with an equivalent circuit in the inset.
(c) Variation of the circuit element with the parallel
resistance R2 and (d) o, exponent of the constant phase
element Q1 for the volume (grain, g) barrier (grain
boundary, gb)
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Fig.
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Fig.
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Fig.
Fig.
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6.1

6.2

6.3

6.4

6.5

6.6

6.7
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6.9
6.10

(a) Density of state (Oroq) variation with the field and (b) the
variation of a relative dielectric constant of RS with FS and
(c) Frenkel-Poole fitting for just illuminated photo-current
voltage variation

Comparative study of perovskite and Ruddlesden-
Popper of lead (Pb) and lead-free halides

(aand b) represents the XRD patterns for CsPbBr3, CsSnBr3,
Cs2PbBrs, and Cs>SnBrs, respectively

Observation of current density with electric field in
perovskite (CsPbBrs; and CsSnBr3) and Ruddlesden-
Popper(CsoPbBrs  and  Cs2SnBrs) materials with an
illumination of AM 1.5 G Sunlight

FS and RSfitted from J=KE" for CsPbBr3 and Cs;PbBrsin
dark light and with the illumination of AM 1.5 G Sunlight
(at a few intervals of time, Oh, 0.5h, 1h, 1.5h, 2h,2.5h,3.0h )

FS and RS fitted from J=KE" for CsSnBr3 (zoomed images
of current density on the right side of Fig. a) and Cs>SnBr4
in dark light and with the illumination of AM 1.5 G Sunlight
(at a few intervals of time, Oh, 0.5h, 1h, 1.5h, 2h, 2.5h, 3.0h

)

Variation of (c-E)for CsPbBr; and Cs;PbBry4 in dark light
and with the illumination of AM 1.5 G Sunlight (at a few
intervals of time, Oh, 0.5h, 1h, 1.5h, 2h, 2.5h, 3.0h)

Variation of (o-E) for CsSnBr; (zoomed images of
conductivity are indicated by the arrow sign on the right side
of Fig. a) and Cs;SnBrs in dark light and with the
illumination of AM 1.5 G Sunlight (at a few intervals of
time, Oh, 0.5h, 1h, 1.5h, 2h, 2.5h, 3.0h)

Variation of photoconductivity (just illuminated) and dark
conductivityfor CsPbBr; and CsSnBr3 samples

Variation of extracted parameter ‘n’ from fitting J=KE" for
FS and RS

Photoresponse current vs time with the bias electric field

Optical absorption spectra for CsPbBr3, Cs2PbBrs, CsSnBr3,
and Cs2SnBrs samples (b) direct band gap energy calculation
from Tauc relation (c) Plot of In (a) versus Av (eV) for

142

148

149

150

151

152

152

153

154

155
156

XXVi



Fig. 6.11

Chapter VII
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

7.1
7.2

7.3

7.4

1.5

7.6

7.7

7.8

Urbach energy (E.) (d) Variation of 4v (eV) verses Urbach
energy (Eu)

Represents the ratio of ers/ers with time in the continuous
exposure of AM 1.5 G Sunlight

Thin Films and Devices for Perovskite Solar Cells
The morphology being optimized in FEM simulations

The Mesh structure (triangular) being optimized in FEM
simulations

CsPbBr3 and CsSnBr; thin films and devices by PLD
techniques at room temperature with the -V measurements

Variation of absorbance for TiO2/CsPbBr; heterostructure in
the wavelength range (0.01- 1.4 pm) inset (i) nearly 100%
absorption is obtained for 700 nm thickness for CsPbBr3; and
70 nm thickness of TiO> (i) Surface electric field
distribution in visible region for 300nm thickness of
CsPbBr3

Variation of absorbance for TiO2/CsSnBr; heterostructure in
the wavelength range (0.01- 1.4 pum) inset (i) nearly 80%
absorption is obtained for 200 nm thickness for CsSnBr3 and
20 nm thickness of TiO, (ii) Surface electric field
distribution in visible region for 300 nm thickness of
CsSnBr3

(a)Variation  of  absorbance for  CuO/CsPbBr;
heterostructure with thickness in the wavelength range
(0.01- 1.4 pm) (b) 98% absorption is obtained for 150 nm —
750 nm thickness for CsPbBr3 and 50 nm — 250 nm thickness
of CuO (b inset) Surface electric field distribution in visible
region for 300 nm thickness of CsPbBr3

(a) Variation of absorbance for CuO/ CsSnBr;
heterostructure with thickness in the wavelength range
(0.01- 1.4 pm) (b) 98% absorption is obtained for 150 nm —
750 nm thickness for CsSnBr3 and 50 nm — 250 nm thickness
of CuO (b inset) Surface electric field distribution in visible
region for 300 nm thickness of CsSnBr3

(a) XRD patterns of CsPbBr3 powder and their thin film. (b)
Absorbance spectra of CsPbBr3 thin films and device. Band
gap plot in insets. (c) Photoluminescence spectrum
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