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Abstract White light-emitting diodes (W-LEDs) are widely used in displays and lighting due to their advantages of
compact size, high efficiency, and long lifespan compared to traditional light sources. Glass-ceramics produced by inducing
crystallization in amorphous glass through heating, finds applications in various high-performance fields. Its properties can
be tailored through the addition of nucleating agents or phase separation phenomena. By forming nanometer-sized crystals,
glass-ceramics can retain its characteristics while maintaining transparency in the visible range, making it suitable for a
range of applications including optical switches, optical converters, lasers, medical devices, and sensors. Additionally, glass-
ceramics containing rare earth elements, transition metals, quantum dots, and nanocrystals can convert blue or ultraviolet
light into visible light, thereby enhancing the performance of W-LEDs. This paper explores the optical properties of glass-
ceramics derived from oxide and fluoride glasses, its potential applications in W-LEDs, and recent research trends.

Key words Glass-ceramics, W-LED, Oxide glass, Oxy-fluoride glass, Nano-crystal

WA IRAEEAS) T ARSI B AT TS

PA=
A7 g AaAlFsst, £, 16227
(20243
(20243 89 3
(20243 99 4

2 % Y Wg T QE(W-LED)E 71E9] g9l vls] &9, 188, 71 £ FHoR fiaIYo] % =
Atk AAsHiele vAA frelE 7tdst] AAsE FEd AR, gde s Eopd H8HH

Al F7g e @4e i 54 24T < An HevE A719] 24 B

M AAsHrele 548 BET 5 glo] 3 290K, 3 W8], HolA, AR 717, AX T g &8

T, =R, A 3 s < 3 AAshRele P4 B A0S TR e R HEste] W-LED®]

Ao WA & Atk & =wE AsEA Y S fElRrE Aol AAsielel FeH 54, W-LEDRS] &

& 7Hed 2 A g T

i
r2
4
off

.M E (glass-ceramicy= T} 7152 zhal Qlof, o]u] o
wopol] $-85 3 th. ARsEle Q1eHeE A

2 9 59 At Alse 84, s8h4, 34 5 Al(nucleation agent)s 7Bl 54 ARNES A
gol gstar, Al el fdgt Alojel teket = o, {2 W AHEE] (phase seperation) 8-S 83l 3
2 Wy o] 7hgste] WA wEg Al FollA et &0 S =St AR ¢ 2] 53] AdEeE] d4
2E wEgX(host matrix)® AME-E 4 ATH1]. 53], & ol&stH AFPAY @ ALY VIHES TE B X

A 20 FEo] dFE AR AAsHrE A AREE DAL F 1ol wAlFE Aozt
Sk 9He ZETH3] A QRANe 5o 2
*Corresponding author o] mAlFR 5L AFeEA, 100 nm ©]&t =
E-mail: sgkang@kgu.ac.kr 78] ARYAE Zh= T ZAAsHrEldl digk #4lo]




164

=oAL 3lnt. o] £ AAsElE Fd, 9%, ol
A, FAF 5 TR A 2okl &8 7hedel =0k,
4 Ax7F 2Es] AP UTH1,3.4].

AE ol FAF S22 |l =2 || g
2 Holske PSS AgF HEK(Up- convers10n)°]E]-_T’_ 3}
o, o] el AoiA BAZ F5E F U B o
UA R Wsksle] WEe, o B9 A, X &8
A, o B S8l Ea8 S Wt 4P
WH3lolli= ESA(Excited State Absorption), PA(Photon
Avalanche), Z22]32 ETU(Energy Transfer Upconversion)
o Al 7HA] wiZidFEe] Avk(Fig. 1).

ESAE olo] B2 Frele] ke oA A=
Holg F, Tl BAE F59 o e i HH=
Holsl= ?‘4_’5‘011:}. o] 22 o] 4%01]/‘1 F2= 7P

olu} AL HEEdITh PAE o]io] o ero] 3}
A2 53 4719 &, 30 B2 E5E U 2 9y

A A2 Holake Haolck. ol SRl WAGKE of
UA WEe WARHewR At ETUE ) oluel
o] 7 o7}t HolHle Fow, A ool F

Seunggu Kang

T oUAIE B3} o] 2ol Hsl] 7HAEA e A
S WESTHS).

3L B e ARsHrE] F 24 WEH(Up-conversion)
710l olgh g do] WEe fEle AT, 4 2914,
BHg), FAEY, golA, ¢=5717], AA SOl A&
7Fssiths Aol th6]. 53, S ERF o]S AR
et Ao = a8 gkst Alxe] wsgs vt
SsHl sk, Holad, A, WA e &4
HA4E x¥sle A AN E= UV 3 W=
wgto] 7bsaith 2, frElol 37t SER ol 2(RE¥,

+ rare earth)] =3 79 W-LED(MAF g
thole =yl viz A-gEw, olejde #Ho|x] A7, v
o] AA, AA, FFE79 2 FaA EoF 5 o
Gt ofellA 382 4 UTHT8).

W-LED= %335t %H T 7180 gl el &
FoluME & &7 71 FHo=E s =hpd 7)7],
TV t2=Zgo], AFs=}, 7} 4 2 e =9 Foll ZH

A AREEIL UTH9]. W-LEDE &A47E2] 34 LEDO)
gk 5o Wkl PPAE FUete] A=, 2l o]

®
E, ~—T E Is
1 >
o —— o'
—
E, \ \
‘\\ E.
' \ II‘\\
oy——————> —_ \ L E,
O 5| I
W 7 L
E B s A s A

(a)

(b)

(c)

Fig. 1. Up-conversion mechanisms: (a) ESA (Excited State Absorption), (b) PA (Photon Avalanche), and (c¢) ETU (Energy Transfer
Upconversion) [5].

Fig. 2. (a) Pyrochlore structure (A,B,0,0’) (b) Nepheline structure (NaAlSiO,). In this context, A = rare earth metal ions, B = transition
metal ions, and O and O' = oxygen ions [4,11].
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CaF, ~466 11.6 Farahinia et al., Kim et al.
BaF, ~346 10.9 Farahinia et al., Bansal et al., Jaiswal et al.
PbF, ~257 4.4 Zhang et al., Alov et al.
ZnF, ~420 3.5 Yan et al.
SrF, ~286 6.8 Yang et al., Ogorodnikov et al.
CdF, ~384 7.8 Cheddadi et al.
Table 2
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SrF,:Er’” 525~660 nm an = 11572 Kesavulu et al.
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Si0,-Al 03-A1F3-Na2CO3-Na2NO3 5 7 .
BaCO,-BaNO,:Eu’ 576 nm D,— F, Dejneka
CdF,:Tm’* 450~500 nm °F, > °H, Cheddadi et al.
Si0,-ALO;-Na,0-LaF,:Ce’™* 350~500 nm 4f(CF,,) — 5d Lakshminarayana et al.
Blue Si0,-BaF,-K,CO,-La,0;-Sb,0,:Pr’* 444~590 nm °H, - °P,, ('I.,’P)), °P,, 'D, Kaushik et al.
$i0,-AL,0,-Na,C0;-CaCO,-NaF- 465 nm H, - 'G, Wenxuan et al.

YF,-TmF,:Yb""
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