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23–26, 321
spectroscopic signatures

photocurrent-based techniques
294–295

transient absorption spectroscopy
292–294

spin-coating method 87, 180, 186–190,
192, 196, 360
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spin–orbit coupling (SOC) 120, 236, 366
spiro-OMeTAD 34, 35, 128, 157, 197,

251, 258–260, 322
spray coating method 196
steady-state photoluminescence (SSPL)

274
steady-state technique 23
stimulated emission depletion (STED)

469
strain engineering

experimental progresses 363–365
theoretical progresses 361–363

Stranski–Krastanov model 177

t
tailoring metal halide film morphology

188
temperature-dependent XRD 23
terahertz spectroscopy 251, 283
TFT devices 321–322
3D MHPs 167–168
3D corner-sharing cuboctahedra 10
3D Cs-based perovskites 88
3D cubic perovskite 2
thermal evaporation 184, 185, 398, 462
thermal relaxation 280
thin film and nanostructures

epitaxial substrates 353–354
experimental progresses 358–360
growth and mechanisms 355–357

thin film single crystals (TFSC) 34, 38
thin-film solar cells 10, 148
three-dimensional TPSC 151–153
time-of-flight secondary-ion mass

spectrometry (ToF-SIMS) 322,
339, 447

time-resolved microwave conductivity
(TRMC) 251–254, 259, 263

time-resolved PEEM (TR-PEEM) 457,
469

time-resolved photoluminescence (TRPL)
22, 23, 81, 253, 270, 272, 273, 283,
309, 337, 435, 446, 454

tin halide perovskite solar cells
crystallization regulators 155

deoxidizers 156
interfaces passivating materials 156

tin perovskite properties
band structure and oxidation 149–151
crystal structure 148–149
electrical properties and defects 151

TPV 21–23
traditional phosphor screen 391, 392
transient absorption microscopy (TAM)

456, 459, 469
transient absorption spectroscopy (TAS)

264, 270–272, 292–294, 337, 338
transient photocurrent (TPC) 294
transmission electron microscopy (TEM)

390–391
applications of 402–405
beam damage 400–401
glass substrates 405–406
imaging conditions 398–400
sample preparation and transfer

395–398
transparent conducting oxide (TCO) 124
transverse optical (TO) 267
trap density vs. mobility values 26
trap-filled limit voltage (VTFL) 24, 321
TripleCat films 427
twinned crystal 451
2D and quasi-2D perovskite crystals

90–103
2D Dion–Jacobson (DJ) 4, 96
2D MHPs 170–171
2D nanoplatelets 3, 64, 82–83
2D perovskite

artificial synapse 42
single crystals method 20–21

u
ultrafast photoluminescence techniques

272
ultrafast spectroscopy 99, 269
Urbach energy 344, 429, 458, 459
utilizing hot carriers, halide perovskites

275–280
UV detectors 128
UV–vis absorption 21–23, 55, 427
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v
vacancy-ordered double perovskite 12,

69, 132–135, 168, 169
vacancy ordered perovskites

A2B(II)B2(III)X12: B(II), B(III)
substitution + vacancies 135

A2B(IV)X6: B(IV) substitution +
vacancies 134

A3B(III)X9: B(III) substitution +
vacancies 135

vacuum-assisted annealing 201
valence band maximum (VBM) 118,

149, 237, 332, 452
valence electrons 149, 220, 382
Vallée–Bogani decay channel 266, 267
van der Waals epitaxy 351–353, 355–359,

363, 365
van der Waals interactions 90
vapor-assisted solution process (VASP)

152, 190–191
vapor-based perovskite thin film

deposition 184
vinylbenzylammonium (VBA) 420
virtual bright field (vBF) 405, 466
Volmer–Weber model 177
voltage–time (V–t) curve 319

w
Wannier–Mott excitons 423
Wannier–Mott model 241, 242
Warburg-like coefficient 26
white LEDs (WLEDs) 125, 126

x
X (γ)-ray excited luminescence (XEL) 32
X-ray detection 30, 129
X-ray detectors 7, 30, 101, 128–130, 443
X-ray diffraction (XRD) 10, 11, 94, 117,

223, 225, 310, 358, 390, 413, 415,
420, 450

X-ray direct detectors 444
X-ray fluorescence (XRF) 389, 412, 413,

416, 420, 431
X-ray scattering and fluorescence

techniques
fundamentals of 412–413
grazing incidence wide-angle X-ray

scattering 413–415
in situ GIWAXS

crystallization kinetics and A-site
doping 416–418

2D/3D interface formation 420–423
X-ray fluorescence 416

X-ray sources 435, 450
X-ray spectroscopy (EDS) 340, 378, 381,

460

z
Zeldovich factor 18, 97
0D Cs-based perovskites 88
0D perovskites

cesium lead halides 87–88
synthesis and properties of 83–87
synthesis methods for 86

0D quantum dots 80–81




