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Index

a
absorption spectrum, of Ce-doped

Lu2Si2O7 (LPS:Ce) 94
alkali earth metal, KCaI3 and KAE2I5

scintillators 137–138
alkali metal (AM), X = Cl, Br, I

136–137
alloy-micro-pulling-down (A-μ-PD)

method 38, 39
antisite defects (ADs) 10, 11, 55, 69
arc melting method 45–46
automatic diameter control (ADC) system

146, 174–175
Avalanche photodiode (APD) 58, 59

b
band-gap dependence, of light yield for

oxide, fluoride and halide
scintillator single crystals
121–122

Bridgman–Stockbarger (BS) method
4, 21

c
Ca2+ co-doped LYSO:Ce 60
CaF2:Nd single crystal growth, by Cz

method 168–169
Ce and Tb ions, garnet-type oxide single

crystals 76–77
CeBr3 and LaBr3, crystal structures

130–131
CeBr3 single crystal by H-μ-PD method

131–134

Ce-doped (La,Gd)2Si2O7 single crystal
91

Ce:Lu3Al5O12 co-doped with Li+ ions 69
Cerium-doped Gd3Al2Ga3O12 crystals

63
Ce2Si2O7 single crystal growth and

characterization 104–108
complex rare-earth pyrosilicate single

crystal growth and
characterization 109

conventional scintillator single crystals
2–3

core heating (CH) method 45, 83–85
crucible-free crystal growth method

83–87
crystal growth methods for scintillator

single crystals
feature of single crystal 3–14
melt-growth of scintillator single

crystals
arc melting method 45–47
Bridgman–Stockbarger (BS) method

21–24
Czochralski (Cz) method 9
edge-defined film-fed growth (EFG)

method 40–41
floating zone (FZ) method 24–28
heat exchange method 47–48
laser-heated pedestal growth (LHPG)

method 41–43
micro-pulling-down (μ-PD) method

29–39
skull melting method 43–44
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186 Index

crystal growth methods for scintillator
single crystals (contd.)

top seeded solution growth (TSSG)
method 44–45

Verneuil method 41
segregation 5–9

Cs2HfCl6 crystal structure 138
CsPbBr3, crystal structure 139
Czochralski (Cz) method 4, 9

automatic diameter control
174–175

CaF2:Nd single crystal growth by
168–169

characteristics 16–19
crucible for 15–16
crystal growth process 175–176
using double crucibles 174
for halide single crystals 127
large bulk single crystal 173
principle of 14–15
segregation 19–21

d
diffusion layer 8, 19
dispersion weighted cooling method 56
distributed weight cooling technique 57
divalent cation co-doping to

Gd3Al2Ga3O12:Ce 59–64

e
edge-defined film-fed growth (EFG)

method 40
for halide single crystal growth 125
for multiple plate-shaped scintillator

single crystals 176
elpasolite-type AE3REF7 fluoride

scintillators 168
Er2Si2O7 single crystal growth and

characterization 99
Eu doped SrI2 single crystal growth

H-μ-PD method 135
VB method 134, 135

Eu-doped KCaI3 halide scintillator single
crystal 137

Eu-doped (Na0.425-xLu0.575+x)F2.15+2x single
crystals 168

f
floating zone (FZ) method 4, 24, 26,

27, 41, 78, 91, 94, 95, 99, 101, 104,
106, 109

fluoride scintillator
carbon crucible and insulator for crystal

growth 143
crystal growth method for 141–151

fluoride single crystals 36–38, 121, 124,
125, 141–146, 152–159, 167, 170

forced convection 16–18
Frenkel defects 10

g
gamma-ray scintillators and crystal

growth methods
Ce and Tb ions in garnet-type oxide

single crystals 76
divalent cation co-doping to

Gd3Al2Ga3O12:Ce 59
Gd3Al2Ga3O12:Ce scintillators 58
Gd3(Ga,Al)5O12 doped with Ce

scitnilators 55–58
(Gd,Y)3(Ga,Al)5O12 quarternary

75–76
Lu3Al5O12:Ce, Li/Y3Al5O12:Ce,Li

67–71
Gd3Al2Ga3O12:Ce,Li 71–75

Lu2SiO5:Ce,Li 64–67
shape-controlled single crystals 77–83
single crystals using crucible-free

83–87
garnet-type scintillators and crystal

growth methods
divalent cation co-doping to

Gd3Al2Ga3O12:Ce 59–64
Gd3Al2Ga3O12:Ce, Li 71–75
Gd3Al2Ga3O12:Ce scintillators

58–59
Gd3(Ga,Al)5O12 doped with Ce

scitnilators 55–59
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Index 187

Lu3Al5O12:Ce,Li/Y3Al5O12:Ce,Li
67–71

Lu2SiO5:Ce,Li 64–67
shape-controlled single crystals 77–83

Gd3Al2Ga3O12

Ce,Li 71–75
Ce scintillators 58–59
scintillators 60

Gd3(Ga,Al)5O12 doped with Ce
scitnilators 55–58

Gd2Si2O7 single crystal growth and
characterization 101–104

(Gd,Y)3(Ga,Al)5O12 quarternary
garnet scintillator crystals
75–76

h
halide-micro-pulling-down (H-μ-PD)

method 124, 125
halide scintillators

crystal growth method for 122–129
evaluation technique for 128–129
perovskite-type 139
processing technique 129

halide scintillator single crystals 3
characteristics 129, 130
measurement equipment for 128
scintillation properties of 121

halide-vertical Bridgman (H-VB) method
125, 126, 135–136, 181

heat exchange method (HEM) 47–48
high-frequency heating type FZ method

25, 30, 45
high-frequency induction heating type

μ-PD method 30–33
horizontal Bridgman (HB) method 21
Ho2Si2O7 single crystal growth and

characterization 99–101

i
infrared convergent floating zone (IR-FZ)

method 26
infrared heating type FZ method

24–26

k
KCaI3 crystal structure 137–138
K(Ca,Sr)I3 single crystal 138
Kyropoulos (Ky) method 44

l
LaBr3 and CeBr3 scintillators 130–131
LaBr3:Ce single crystal 130–131
LaF3:Nd large bulk single crystal 174
(La,Gd)2Si2O7 (La-GPS) 109

bandgap energy 109
crystal field strength 110
scintillation characteristics 112

laser-heated pedestal growth (LHPG)
method 5, 41–43

La2Si2O7 single crystal growth and
characterization 106, 108

light yield dependence, of energy
resolution for oxide, fluoride and
halide scintillator single crystals
121–122

Lu3Al5O12-based single-crystal
scintillators 55

Lu3Al5O12:Ce, Li/Y3Al5O12:Ce,Li
67–71

Lu3Al5O12:Ce (LuAG:Ce) doped with
monovalent Li+ ions 69

Lu2SiO5:Ce,Li 64–67
Lu2Si2O7 single crystal growth and

characterization 94

m
mass production process, of scintillator

single crystals 173–181
melt-growth of scintillator single crystals

arc melting method 45–47
Bridgman–Stockbarger (BS) method

21–24
Czochralski (Cz) method 14–21
edge-defined film-fed growth (EFG)

method 40
floating zone (FZ) method 24–29
heat exchange method 47–48
laser-heated pedestal growth (LHPG)

method 41–43
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188 Index

melt-growth of scintillator single crystals
(contd.)

micro-pulling-down (μ-PD) method
29–40

skull melting method 43–44
top seeded solution growth (TSSG)

method 44–45
Verneuil method 41

Mg2+ co-doped LuAG 60
micro-pulling-down (μ-PD) method

5, 29
crucibles 30–33
for fluoride single crystal growth

124, 141–146
growth process 39
large supercooling condition crystal

growth 148–149
material research 34–36
multiple single crystals 178–180
oxyfluoride 146–148
quenching process crystal growth 149
segregation 33–34
self-flux crystal growth 149–151
shape-controlled fluoride single crystal

36–38
shape-controlled oxide single crystal

36
shape-controlled single crystals

176–178
technique 77
VUV fluoride single crystals growth by

168, 170
modified μ-PD method 124
multicomponent Ce:(Gd, Lu)3 (Ga, Al)5

O12 garnet scintillators 55
multi-pixel photon counter (MPPC) 1,

177

n
NaI and CsI scintillators 130
natural convection 16–18, 44
Nd doped LaF3 [LaF3:Nd] single crystal

167
near-net-shape crystal growth technology

78

neutron scintillator 141–164, 174, 183
fluoride as host material 141

normal freezing method 6

o
onset temperature (Tq) 72, 111
optical bandgap, of Lu2Si2O7 94
oxide crystal growth from cold crucible

(OCCC) method 43, 86, 87
oxyfluoride 146–148

p
perovskite-type halide scintillators

138–139
phase diagram, of RE2O3-SiO2 system 91
photodiode 1, 58
photoluminescence emission spectra of

(La,Gd)2Si2O7:Ce with different La
concentrations 110

photoluminescence excitation and
emission of Ce2Si2O7 104, 106

photomultiplier tube (PMT) 1, 59
plate-shaped sapphire single crystals 40,

176
Pr2Si2O7 single crystal growth and

characterization 104
pulse height spectra

of Ce2Si2O7 105, 107
of La-GPS:Ce 112

pyrochlore-type oxides 91

r
radioluminescence spectra, of undoped

and Ce-doped Yb2Si2O7 98–99
radioluminescence spectra analysis 69
RE2Si2O7 crystal structure 91, 92

s
sapphire (α-Al2O3) bulk single crystals

24
Sc2Si2O7 single crystal growth and

characterization 95
Schottky defects 10
scintillation decay curve, of Ce2Si2O7

106, 108
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Index 189

scintillation properties, of
(La,Gd)2Si2O7:Ce 112–113

scintillator developments, history of 1–2
self-trapped exciton (STE) 136
shape-controlled single crystals 40, 77,

78, 82, 176–178
shielded arc melting (SAM) method 45,

85, 86
silicon crystallization process 175
skull melting method 43–44
solid-liquid interface 7–8, 16–18, 20–22,

27, 33–36, 38, 47, 123, 125,
131–132, 135, 144–145, 149, 173,
175, 178, 181

SrI2:Eu bulk single crystals 127

t
temperature dependence, of light yield for

(La,Gd)2Si2O7:Ce 112–113
temperature dependence of

photoluminescence emission
spectra, for undoped and Ce-doped
Yb2Si2O7 73, 98, 111

temperature dependence of quantum
yield, for Ce2Si2O7 105, 107

Tm2Si2O7 single crystal growth and
characterization 95–99

top seeded solution growth (TSSG)
method 44–45, 101, 109

transmission spectra, of undoped and
Ce-doped Yb2Si2O7 97–98

traveling solvent floating zone (TSFZ)
method 27

v
vacuum ultra-violet (VUV) scintillator

Nd doped LaF3 [LaF3:Nd] single crystal
for 167

with two dopants 168–170
Verneuil method 6, 41, 42
vertical Bridgman (VB) method 21

for halide scintillator single crystal
growth 181

with sealed quartz ampoule
halide single crystal 122–123

vertical gradient freeze (VGF) method
21, 22

BS characteristics of 22
BS crucible of 22–23

VUV fluoride single crystals growth, by
μ-PD method 35, 38, 150, 156,
158, 161, 170

x
X-ray diffraction pattern

of Ce2Si2O7 104–105
of undoped and Ce-doped Yb2Si2O7

97

y
Yb2Si2O7 single crystal growth and

characterization 97
Y2Si2O7 single crystal growth and

characterization 99

z
zone melting process 7, 25



�

� �

�



�

� �

�



�

� �

�



�

� �

�



�

� �

�



�

� �

�



�

� �

�



�

� �

�



�

� �

�



�

� �

�



�

� �

�


