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1. 572 MEe &

Phosphor Ceramics (PC)

* Thinned sintered phosphor ceramics
» High efficiency
* Challenge: process control, available phosphors

Phosphor Glass Ceramics (PGC)

* YAG:Ce or Silicates phase within glass matrix
» Phase separation or crystallization
» Challenge: phase control, thickness, low efficiency

Phosphor in Glass (PiG)

* Mixture of phosphor and glass frit
» Easy to use high quality phosphor
» Challenge: Proper glass frit

Bulk Glass Phosphors (BGP)

»——u * Bulk glasses with active elements
‘ » Rare earth ions, quantum dots, nano-crystals
* Challenge: low efficiency

2. Phosphor glass ceramic(PGC)
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3. Phosphor-in—glass(PiG)

3.1. 718 EF
&

PiG= 7129 F8A FES ARgst f7HRIEE
7= vRRIEQl glass frit(f2] == At FE)
otk fe HEE dA2E HY AR 4o
7| =, o]& olgste FFAE FAE AAE
sh= wiolch 7|2 PC W PGC He] +dS $al
A BEEA] FA 1200T OS] 1 - 1% G4
o] Zagh v, PiGe= 3dA19 d3rt HA¥sHA
= 800T oot &&oflA FgA| 4 glass frit &4
of whe} A%k A 7] Arde] Zhsstal vl A B e

Yu] et B o AETt FRsste] b 9 A
38 R 4 g Aol k. B4, PCSt PGCE

S
T L =
U 89340] e FA Alde) @

Ao} Sl © ulsl, PG cholt TE&] FUAIS
A

(o]
o

o
o, A 9 59 v 24 Sot MR Aoy} &
oloirt= Aol ot Iy, PiGe] 7% glass frit
2 ool wie- = DJXW 2t E3], g3t &4

550T olde] 2% &4 ] waﬂgol 5174] ¥agard
4ol Slof ol& flsiAle A2olA &4 7hsgt
Alof| BT} =8 glass frit 42417} B52lo]ch ®
glass frit &A= ALY HEgo] glojof sh,
A AR ARl oj A= ¢hETE 27 glass frit
2= 7 ]—‘—«] PbO- 510274] 27t v 9%t &

Szo] o 4 onm ZEO

0_91/} L3 AEO] g2 Qlg o]5 AT & 3

L_

afel] ozt 877 g ek o 4 gl

rr HE',E o P 1-> rsL ol-n =2

3.2, HIx e

PiG= oA st vieh o] vy gt 49
% A2 3 T 9EA 2T e 2T &
sao] AL = 7RIsHe] EAE THET, o]2 )
7k datEA] ohe YA oA AAdsto] Alxglth o
o A 5= glass frito] wheh 2o, 24 uf
2k 450 ~ 750COlA o] FoIA|u, 2AgA] FA] w

o FARIE AolsblE Tk

3.3. gy S

PiG= 52 glass frit &fjof] ojEE|e] ofof gt
ALE FAlog rloksl A 49 JLno) st it

= 501 ZUs| offofA|aL glom, F2 A2 4l o
o] Tokal 9tk PIG = 9 9 glass frito]]
=iy ﬁ?“‘ 21:.9] Nippon Electric Glass(NEG)AR}
599 Schott AfefA]l AwAog AAEgoH 53]
NEGAPlA= 2008 PiG = ¥ PiGE el
g3t E512 Axjsta P PiGE AR A
" 24 F SnO-P.0sAS A5 &4 2w 450T
TR UE S gloy [ Aol wile- Rl A
Z7F o9 A83} 7hsAe] A AR dHA <l
t}. Allen 5 PbO-SiOA felE E&-sto] Aglo]
7FsehE AIARE HE Qlout, HlwA St aas 24
akA o™ 20119 Schott AlllAlE PbO-SiO;
A el 24e Z8oto] vt FEA9] ol8ol 7k
Sk sAloll wafer <=2 7hgol 7Fses 371t B 8
o9 5], Alzte] w2 Mol wispl gl SxO]

ZAo] mjo. Lo 025 ol AS Flolst uf 9lr). 3F

oo&wa &=
ATAIR Qg PbO R FElaAe] Algte] whet
lead-free 92]4A7}F A=), Lee 17 750T
ol A AAJo] 753t Si0-B,03-ROR=Ba,Zn)Al £-2]
24 st of7]o] YAG:Ce*' S 3sle] PIGE
Alzzt 7, ©]5 LED flell AAtste] 58231 AHgto]
55|, T8 49} o] FA9F S|
u} AHFSEO) Xﬂ°17} golst, 7|& &Y LED®
silicone 44 tjH] 5k &% PSS
ket Lee 59 A @ Siof HoRt SrGasSs B
BAZE PIGE B9l S5t @4 AT e E B

ot A SIFORH okt Il A§ S5

A= T v

4
E

20144 H153 H[15 | 15



PiG with Silicate Glass H
PiG with Silicate Glass H
PiG with S° Glass H
PiG with Slass A
PiG with © Glass P
PiG with Silicate Glass P
PiG with Silicate Glass P
PiG with Silicate Glass P

& 4. YAG:Ce™ phosphor in glass®l glass to phosphor
(GTP) ratio & Z/H0f [}2 AMEZ MIHEQ} ED
0[|:||X|“7]

PIGE] e SelAAZ v 9tk Z Chen 572
YAG:Ce*' } silicate glass matrix®] interfaceo] tf
3 HR-TEM BA41S E3] AALew7} USa2 inter-
diffusione] o] FFAC] mEo| wolE ESl HE

PiGE B 540l

— TZE o

o w2 34 o Q8 T

3t 9] AlE7h 7Rssitk Chae 5272 600°CollA]
AA7FsEE Si0-By0s-ALOs-ZnOAl  HEI%t
YAG:Ce?' e 238t ) glo|AES AR5l oS
#el Zie] ool g Y 322 A
Algt vb itk (¥ 5.() E3E Lee %[21]% 205

Aot = FFA7F 47t S PIG YEAE AXS
S 47 Ay 9 AE TOEMN, spectral
overlape WASHAA MEEE FHS & 9= PG
TFE=E AljF7 = ST (CLE 5.(b) g, A A4
2 AHE Aloo] HolAL &o]7] Hsf Bu’*e} Mn*
£ A7’ fEE Alxshl ol
ATE AAE Y,
PiGE F9Eeds o d2Al 9 Ho|AE 59 ¥
gol 7hsste] oheet o] AAVE 7Rsshal, glass
frit 2A19] A23FE Sl vt FFAel 2=te] 7+
soto] o5l tieh A7t Ee] AL Qi A
glass frit 24= BiOs3A|, P205-SiOxA], B203-SiOA
5ol ZEA AL 9lom, X 550T ofske] &

NI

16 | =00l c|AZ20]

—— Reference PiG
—— 2Zpieces (2-PiG) |
—-= 4 pieces (4-PiG)

EL intensity (a.u.)

400 500 800 700

38 5. (a) 224" PiG™2 (b) Z-E PG

Lo AAdo] 7hart Theket KA AAEIL ¢l
o} NEG Ake} Schott Al T AlEe] AHg3}
Zlskal glom, ufiolld= A4 LED A+

ol AF AEe] A3} Ho] PC 28} AATE
FAotaL Qo ofd 1 AgHel= AlRFolch
PiG ¥ = 7= 7| LED o= 7] F3A
Az D glass frit ‘”iﬂ ol 2 B B
7RA| AL Zlstal glow, e, <ok, Add, £33

e

m{m 1 TR

o)



&8 WA LED MiEg £ 24 |

o, @A)
T ek

=9, TEAIRATAE SOl EEs

rﬁ ol
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