Index

a

acido iodidrico (HI) 221

Advillin (Advillin-ChR2) 33

Ag-/Cds-NW’s 103

alkylamines 241

alkylthiols 241

aluminum doped zinc oxide (ZnO:Al)
224,225,227

amorphous silicon based solar cells
149-151

anisotropic conductive film (ACF) 7

anodic alumina membrane (AAM)
229, 230, 232

antireflection coating (ARC) layer 90,
189

aromatic thiols 241

atomically thin 2D materials 47

b

backside reflector (BSR) 192, 201

(2,2',2"-(1,3,5-benzinetriyl)-tris
(1-phenyl-1-H-benzimidazole))
19

bi-color blue-green flexible LED 64

bio-medical domain 41

black phosphorus (BP) transistors 129

blue and green p-ILEDs 28

blue-emitting p-ILEDs 5,6

blue p-ILED 28

bolometric process 123

bottom-up epitaxy 50-51

bottom-up InP nanowire arrays 61

buffer hole-injection layer (Buf-HIL)
19

255

bulk ionization energy 239
Buried oxide (BOX) 87, 89,98

C

cadmium selenide (CdSe) QDs
16,193

cadmium-tetradecylphosphonic acid
(Cd-TDPA) 242

carbon based solar cells 153-155

CdTe thin film solar cells 224

cetyltrimethylammonium bromide
(CTAB) 242

channel mode fracture 184

channel rhodopsins 46

chemical mechanical polishing (CMP)
86

chemical vapor deposition approaches
213-214

CH;NH;PbI,; perovskite solar cells
223

close-spaced sublimation (CSS) 232

clothing-integrated photovoltaics 167

coefficient of thermal expansion (CTE)
94

colloidal perovskite QDs 19

colloidal quantum dots (CQDs) 43,
238, 239, 241-244

color rendering index (CRI) 56, 65

8, 10,

complementary
metal-oxide-semiconductor
(CMOS) process 52,94, 117,
144, 184

compound semiconductors 98, 121,
188

Inorganic Flexible Optoelectronics: Materials and Applications,

First Edition. Edited by Zhenqiang Ma and Dong Liu.

© 2019 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2019 by Wiley-VCH Verlag GmbH & Co. KGaA.



256

Index

controlled spalling technology (CST)
183, 184
core-shell nanowire LEDs
63
core-shell QDs 10, 12, 13
corning willow glass 231, 232
crossed-nanowire LED arrays 60
crystalline indium phosphide (InP)
179
crystalline silicon based solar cells
HIT 146
light trapping structure
PERC 145-146
crystalline silicon (c-Si) wafer
150, 157
curvilinear extended light sources 41
CVD-graphene 48, 61, 67, 126, 128,
131

51, 53, 54,

148-149

146,

d

direct mechanical peel-off of polymer-
embedded nanowires 43

double-heterostructure (DH)
single-junction solar cells

double junction cells 180-182

InGaP/GaAs 180-182

dual transfer printing procedure 6

dye-sensitized solar cells (DSSCs)
127,143

180

126,

e

e-beam evaporation 89, 90, 97, 227

efficiency droop 50, 51

electrochemical etching 86, 149

electroluminescent (EL) QD-based
LEDs (QLEDs) 7-16, 19, 34

electron backscatter diffraction 48

epitaxial graphene 48

epitaxial growth technique 86

epitaxial lift-off (ELO) 42, 44, 46, 47,
69, 179, 183, 186-189, 191, 193,
202

epitaxial lift-off/transfer printing 42

1,2-Ethanedithiol (EDT) 241, 242

external quantum efficiency (EQE) 5,
10, 12, 13, 16, 19, 42, 50, 53, 88,
89, 93, 96, 119, 129, 131, 181, 228

external quantum efficiency (EQE)
spectra 93,181

f
figures of merits (FOMs) 118,120
flexible all-graphene based devices
23
flexible blue emitters 46
flexible blue LED 45
flexible CdTe/CdS solar cells
nanopillar solar cells
performance analysis 230-231
sample preparation 229-230
polymer film
performance analysis 228-229
sample preparation 227-228
thin glass
performance analysis 233-237
sample preparation 231-233
flexible lateral p-i-n photodetector array
88, 89
flexible LEDs 1, 20, 23, 25-28, 41-70
flexible LEDs based on inorganic
bottom-up nanowires
nitride flexible LEDs on metal foils
57-59
ZnO nanowires 55-57
flexible LEDs based on thin film transfer
conventional approaches for lift-off
and transfer of thin crystalline
films 43-46
thin film mechanical transfer using
van de Waals epitaxy 47-49
flexible III-V LEDs 46
flexible light sources and displays
42
flexible micro-inorganic LEDs (p-ILEDs)
2-7, 10, 25, 28, 31, 34
flexible nitride nanowire LEDs
65
flexible nitride thin-film LEDs 45
flexible optoelectronic systems in
neuroscience research
genetically modified recording and
stimulation 28-31
injectable neural probes 25-28
peripheral nervous system 32-33

41,

62, 63,



flexible perovskite LEDs (PeLEDs)
16-20
flexible perovskite solar cell
performance analysis 215, 221
sample preparation 214-215
flexible photodetectors
nanomembranes (NM) 82
nanowires (NW) 81
performance parameters
detectivity 83
L on/I off current ratio 84
photo conductive gain (G)
84
response time 84
responsivity 82-83
sensitivity (S) 84
flexible quantum dot LEDs (QLEDs)
7-16, 19
flexible red-emitting QLEDs 12
flexible silicon solar cells
bottom-up method
layer transfer method 156
SOI method 156-157
top-down method
SOM exfoliate method 157
wet etching method 157

flexible SNOP cells 233
flexible solar cells
applications 167-169

failure mechanism
fracture mechanics 166
Park’s experimental study
162-163
shear lag model 163-166
flexible perovskite solar cells
214-221
performance analysis 215, 221
stability issues 221-222
flexible perovskite solar cell
sample preparation 214-215
perovskites materials
chemical vapor deposition
approaches 213-214
solution process deposition
approaches 209-211
vapor-assisted solution deposition
approaches 211-213

Index

flexible substrates 214-221
2D photodetectors
photogating detectors 135
photothermal effect 129
photovoltaic effect 125-126
plasma-wave-assisted THz detector
129-131
flexible transfer-printed blue InGaN
LEDs 46
flexible 2D materials-based LEDs
20-23
flip-chip and vertical thin-film LEDs
45
fluorescent calcium indicators 24
4 junction (4]) based cells 181, 197,
200
4-junction solar cell 237
frame-assisted membrane transfer
(FAMT) 98
fully-printed PeLEDs 20
fully transparent flexible nanowire LED
64

g
GaAs/monolayer graphene/GaAs 48

GaAs/multilayer graphene/GaAs 48
GaAs photovoltaic devices 44

gallium arsenide (GaAs) 159,178,179
GaN core-shell micro-rod arrays 61
GaN-InGaN-GaN sandwich structure

45

genetically targeted calcium indicators
(GCAMP1-7) 25,28,29,31

genetically targeted sensor (GCaMP6)
28,31

Ge NM-based flexible photodetectors
94-98

Ge on polyimide (GOP) 94, 109

germanium based solar cells 151-153

germanium-on-insulator (GeOI) 85

graphene 19, 20, 23, 43, 47, 48, 61,
65-67, 81, 118-126, 129, 131,
135, 136

graphene-based photodetector 129

green gap 50

green QDs/TiO, and red QDs/ZnO 11

257



258

Index

h
halide anions 16, 242
healthcare systems 177
hetero-epitaxial nanowires 51
heterogeneous DHNRs 12
heterojunction with intrinsic thin layer
(HIT) solar cell 144, 146
hexagonal CVD-graphene nanodomains
67
high-quality, monodisperse QDs 10
high-quality nanowires 60
hole-transport-material (HTM)
hybrid passivation 242
hydrochloric acid (HCI) 44, 188
hydrofluoric acid (HF) 3, 186
hydrogenated amorphous silicon
(a-Si:H) 146, 149

221

1
iBeam materials 57
indium gallium phosphide (InGaP)
179-180
indium oxide flexible-PSCs
indium tin oxide (ITO) 239
infrared colloidal quantum dots solar
cell
PbS 239,241
surface passivation and air stability
239-243
InGaN/GaN core/shell nanowires 66
InGaN/GaN flexible visible LEDs 44
InGaN/GaN LEDs 42, 45, 46, 52,57, 62
InGaN/GaN thin film LEDs 57
InGaN LEDs 5, 45, 46, 48, 49, 63
injectable neural probes 25
ink-jet printing strategy 23
inorganic flexible LEDs 43

218-219

inorganic LEDs (ILEDs) 1,42, 69, 196
inorganic semiconductor 1, 41-70, 79,
81, 92

inorganic semiconductor LEDs 42
inorganic thin film flexible LEDs 43
in-plane transferred nanowire LEDs
59-60
vertically transferred nanowire LEDs
60-65
InPNM 85,98, 99

internal quantum efficiency (IQE) 5,
53,119

intrinsic crystalline integrity 221

intrinsic ZnO (i-ZnO) 224, 228

k
Kapton 12

/
Langmuir-Blodgett technique 60
laser lift-off technique 5, 45
layer transfer method 42, 156
lead iodide (Pbl,) 210,215
ligand passivation 241, 242
light emitting diodes (LEDs)
light-responsive QLED 12
light trapping structure 148-149
low aspect ratio nanowires 43, 65
luminescent dyes 191
luminescent solar concentrators (LSCs)
191-193
luminophores

1,81

191

m

MAPbBr; 17, 19,20

mass-produced n-type ZnO nanowires
59

MBE-grown InGaN LED film 45

mechanical spalling 184-186

mercaptocarboxylic acids (MPA) 241

metal-assisted chemical etching
(MACE) 149, 151

metal chalcogenide complexes (MCC)
242

metal halide perovskites 2, 16

metal-insulator-semiconductor (MIS)
photodetectors Ge  94-98

metallic foils 214

metal organic chemical vapor deposition
(MOCVD) 3,45,57,63, 66, 67,
86, 151, 179, 182, 197, 232

metalorganic-hydride vapor phase
epitaxy 52

metal—organic vapor deposition
(MOCVD) 179

metal-organic vapor-phase epitaxy
(MOVPE) method 48, 181



metal oxide semiconductor field effect
transistor (MOSFET) 89, 90

metal-semiconductor-metal (MSM)
photodetectors Ge 97

methylamine hydrochloride (MACI)
210

methyl ammonium lead bromide
(MAPbBr;) 19

microcrystalline silicon (mc-Si:H)

micro-inorganic photodetectors
(u-IPDs) 6,7, 34

micro-LED displays 50

micro-pyramids 43

micro-scale GaAs based thin-film LEDs
46

microscale ILEDs 2

micro-sized surgery robots 41

micro-transfer printing 44-46

micro-transferred InGaN/GaN LEDs
46

miniaturized flexible LEDs 25-28

mixed-mode fracture theory 162, 166

molecular beam epitaxy (MBE) 45,
51-53, 65, 67, 86, 182, 197

MOVPE AIN film 48

MOVPE nanowire LEDs 52

p-ILED-based probes 25

p-ILEDs involved red-emitting AlInGaP
epitaxial structure 2

multijunction (M]J) 177, 178, 180, 181,
201, 202, 237, 243

multijunction (M]) solar cells
202

multiple photolithography 3

multi quantum wells (MQW) 4, 16, 21,
49

151

181, 201,

n
nanocrystal lumophores
nanomembranes (NM)
III-v. 98-100
donor substrates
epitaxial growth 86
Smart-Cut® technique 85-86
flexibility and bendability of 79
Ge 94-98
Si 88-93

193

Index

thickness of 79
transfer printing of 86-88
nano printing process 148
Nano scale photon detection 81
nanostructure lift-off using van der
Waals epitaxy 65-68
nanowire(s) 43
nanowire-based flexible LEDs 43
nanowire LEDs 50-57, 59-66, 69
nanowire membrane formation 61
nanowires (NW) based flexible
detectors
critical parameters for
fabrication of
AgNWs/CdS 101-103
single crystal Si NWs 100
TFTs assembly of 101
length and diameter of 83
properties of 81
National renewable energy laboratory
(NREL) 179, 181, 234-236, 244
net acceptor density (N,) 237
neutral mechanical plane (NMP) 3
nickel (Ni) 184
nitride flexible LEDs 41
nitride flexible LEDs on metal foils
57-59
in-plane transferred nanowire LEDs
59-60
nitride nanowires

110

51,52,57,61

noise equivalent power (NEP) 83, 119
non-indium oxide flexible-PSCs 216
N-type crystalline silicon solar cells

144
(o]
oleic acid (OA) 241
I-V measurement 104, 106—-108
dark and light conditions 108
open-circuit voltages (V) 146, 150,

178,179, 182, 189, 191, 201, 202,
226, 232, 240

optimized flexible QLED device
structure 11

opto-electronic detectors 81

optogenetics 24-26, 28, 31-33, 41, 46,
196

259



260

Index

organic light emitting diodes (OLEDs)
1,7,10, 19,42
organic semiconductors 42, 59, 79, 92

p
Panasonic’s HIT-IBC solar cells 146

passivated emitter and rear cell (PERC)
144, 145
PbS-based QDs 10
perovskites 2, 1620, 209-223
perovskite semiconductors 16
perovskites materials
chemical vapor deposition
approaches 213-214
solution process deposition
approaches 209-211
vapor-assisted solution deposition
approaches 211-213
phosphor-converted flexible white
nanowire LED 65
phosphor-converted white LEDs 52,
64
phosphor-free flexible InGaN/GaN
nanowire LEDs 65
phosphors 5, 52, 63-65, 180, 191
photo conductive gain (G) 82, 84, 135
photocurrent, light density 103
photodetectors 81
performance metrics 118-120
2D materials 117-118
photogating detectors 135
photogating effect 124, 135
photon recycling 178, 179, 181,
200-202
photosensitivity of device
photo thermal effect 129
photothermoelectric effect
photovoltaic (PV) 16,178
photovoltaic effect 121, 123, 125, 129,
240
photovoltaic (PV) power conversion
efficiencies 16
piezo-phototronic effect 57, 61, 69
plasma-assisted MBE technique 52
plasma-wave-assisted THz detector
123,129-131
p-ohmic metal 188

106

121-124

polydimethylsiloxane (PDMS) 3, 46,
82,135, 162, 190, 230, 231

poly (3,4-ethylenedioxythiophene) poly
(styrenesulfonate) (PEDOT:PSS)
layer 55,161

polyethylene naphthalate (PEN)
131, 135, 214

poly(ethylene oxide) (PEO) 20

polyethylene terephthalate (PET) 6,
55, 82,125, 129, 189, 214

polyimide (PI) 214

polyimide (PI) foil 233

polyimide or polydimethylsiloxane
(PDMS) 3-5,7,10, 12,46, 61,
63-65, 82,101, 190

polyimide (PI) substrates
228

polymer LEDs 42

poly[2-methoxy-5-(2'-ethylhexyloxy-p-
phenylenevinylene)] (MEH-PPV)
239

poly(p-phenylenevinylene) (PPV) 239

post-lift-off GaAs substrates 44

power consumption 79, 118, 120, 121

power-conversion efficieny (PCE) 16,
126, 155, 178, 179, 214, 220, 238

processable perovskite solar cells (PSCs)
143, 209, 211, 214, 215, 221

8,11,

7,126, 227,

q

QD emission characteristics 10

quantum-confined Stark effect 50, 51

quantum dot LEDs 43

quantum dots (QDs) 2,7,117, 191

quantum efficiency (QE) 5, 20, 42, 50,
53, 89,118, 119, 131, 149, 235

r

reactive ion etching (RIE)
149

red-emitting AlGalnP epitaxial layers
7

red-emitting, flexible vertical p-ILEDs
7

redox reaction 243

reduced graphene oxide (rGO) 23,
126, 155

87,98, 148,



reflectance (R) 228

remote epitaxy 47,48

remote’ homoepitaxy method 188

resonant regime of plasma-wave
photodetection 131

roll-to-roll (R2R) 136, 151, 211, 228

S

sapphire 6, 45, 47-49, 63

scanning electron microscope (SEM)
4, 53, 56, 59, 60, 67, 93, 102,
103, 149, 162, 202, 225, 230

self-assemble GaN nanowire LEDs
57

self-assembled MOCVD core-shell
nanowire InGaN LEDs 63

self-organized conducting polymer
(SOCP) 19

semiconductor NM 79, 85-88

semiconductor-on-insulator 85, 86

semiconductor on metal (SOM)
exfoliate method 157

sensitivity (S) 34, 41, 81-84, 108, 110,
111,118,123

separation by implantation of oxygen
(SIMOX) technology 157

series-connected amorphous silicon

(a-SitH) 146, 149-151
series-connection through apertures
formed on film (SCAF) 151

serpentine-shaped interconnects 3
shear lag model 162, 165
Shockley-Queisser (SQ) theory 19,178
short circuit current density (J¢-) 126,
146, 149, 179, 189, 228, 229, 232
Si NM-based flexible photodetectors
88-93
silicon based solar cells
amorphous 149-151
crystalline 145-149
PV process 144
silicon-germanium alloys (SiGe) 152
silicon-on-insulator (SOI) 65, 86, 117,

156, 184
single crystalline NMs 81, 86
single crystal SiNWs 100

single-crystal solar cells 211, 237

Index

single junction solar cells

GaAs 178-179
InGaP 179-180
InP 179

Si photonics 51, 117

smart sensor system 12

Smart—Cut®teChnique 85-86, 94, 183

soft lithographic techniques 46

SOI method 156-157

solution process deposition approaches
210-211

spectral response (SR)
241

spectral splitting 200

stretchable p-ILED array 7

substrate etching 42

sun’s power spectrum 237

109, 180, 228,

surface tension-assisted (STA) 188
t

thin crystalline films 43-46
thin-film inorganic solar cells 193
thin film mechanical transfer 47-49

thin-film III-V solar cells, flexible
substrates
ELO 186-189
mechanical designs  190-191
mechanical spalling 184-186
3D finite-difference time-domain (3D
FDTD) technique, SiINM 90
III-V NM-based flexible
photodetectors
II1-V solar cells
applications 193-196
double junction cells
InGaP/GaAs 180-82
future generations
mechanical stack

98-100

197-200
more junctions 197
photon recycling  200-202
spectral splitting 200

single junction solar cells
GaAs 178-179
InGaP 179-180
InP 179

triple junction cells

InGaP/GaAs/Ge 182

261



262

Index

III-V solar cells (contd.)
InGaP/GaAs/InGaAs 182-183
InGaP/GaAs/InGaAsNSb 183

top-down etched Si microwire arrays

61
transfer 11, 32,42, 47,48, 61
transfer printing 2, 3, 5-7, 10-12, 28,
34,42, 86-88, 191
transition metal dichalcogenides
(TMDs) 20,21,118
transmission electron microscope
(TEM) 152,230, 232
transmittance (T) 126, 214, 215, 228,
234
transparent conducting oxide (TCO)
126, 227, 229, 232
transparent conductive electrodes
(TCE) 126
triple junction cells
InGaP/GaAs/Ge 182
InGaP/GaAs/InGaAs 182-183
InGaP/GaAs/InGaAsNSb 183

TrpV1 promoter 33

2D emitting materials 20

2D FAPbBr, 17,19

2D materials-based photodetectors

bolometric process 123

flexible substrates
photogating detectors
photo thermal effect 129
photovoltaic effect 125-126
plasma-wave-assisted THz detector

135

129-131
nano-photonic techniques 136
photogating effect 124
photothermoelectric effect 121-123

photovoltaic effect 121
plasma-wave-assisted mechanism
123
plasma-wave-assisted Terahertz
Detection 123
2D nanoplatelets 16

u

ultraviolet (UV) 57,111,118, 180, 221,
233

ultraviolet (UV) light 180

unmanned aerial vehicles (UAVs) 177

US National Renewable Energy
Laboratory (NREL) 179

UV absorption 109

CdSe, P3HT and hybrid

photodetector spectra 109

v

van der Waals epitaxy 43, 47, 48,
65-69

van der Waals (vdW) heterojunctions
23,121,136

vapor-assisted solution deposition
approaches 211-213

vertically transferred nanowire flexible
light sources 61

vertically transferred nanowire LEDs
60-65

nanostructure lift-off using van der

Waals epitaxy 65-68

very high bond (VHB) film 135

w

waterproof flexible LEDs 46

wet etching 5,7, 45, 85, 89, 94, 98, 157,
161, 182, 186

wet etching method 45, 157

white nanowire LED 53, 54, 65

wireless, battery-free optogenetic
stimulation devices 32-33

wireless, flexible optoelectronic systems
28-31

wurtzite crystal structure 57

y

yellow nanophosphors 53, 65

z

Zn0O nanowire LEDs 56, 57

ZnO nanowire/p-polymer LED array
57

ZnO nanowires-based flexible LEDs
55-57

ZnO nanowires/poly (9,
9-dioctylfluorene) (PFO) hybrid
structure 56

ZnO/organic hybrid white LEDs 56



