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Abstract . Solid-state lighting is widely utilized in various fields such as indoor and outdoor lighting, decorative lighting,
automotive lighting, agricultural lighting, projection display and more due to its advantages of high efficiency, energy conser-
vation, and environmental protection. However, high power and exceptional quality solid-state lighting technology put for-
ward higher requirements for the service stability of fluorescent conversion materials. Fluorescent glass has emerged with its
advantages of simple preparation process, low cost, and stable luminescence. Herein, the latest research progress in the

preparation of fluorescent glass for solid-state lighting is

KRS EH. 2023-05-31 EEEE. 2023-07-13 reviewed. The preparation methods of fluorescent glass
ESWE . WA TSR 550 (222102210023, 23210 including one-step mixed sintering, two-step mixed sinte-

ring, two-step substrate forming sintering, spark plasma

2211074) 5 WEEJERHIER 22k &5 H (21450033) 5
i L1 S B = TR (YYJC072022020)
F—1EHE. THESE, B, 1981 44, mlsdz, mitAdSm
BIREE: S0e, 5, 1988 484, R, W14, device application of different preparation methods are ana-
Email ; uhgdmyl@ haut. edu. cn lyzed. Finally, the problems of fluorescent glass prepara-
DOI. 10.7502/j. issn. 1674-3962. 202305026 tion, functional structure design and device packaging are

sintering, microwave sintering, Joule heating, induction
heating and laser sintering are systematically summarized.

The technical difficulties, spectral regulation strategy and
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discussed, and the research trend of fluorescent glass preparation for solid-state lighting is prospected.

Key words : fluorescent glass; preparation method; light quality; solid-state lighting; spectral regulation
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Orozco' ™ SR FH W A 1R A BE 45 78 850 C T il % 1 YAG :
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Table 1 Comparison of properties between YAG : Ce** single crystal, ceramic, bulk phosphor-in-glass and phosphor-

in-glass films
Excitation mode Material CRI CCT/K LE/(Im - w! ) Thickness Ref.
LED s 67.5 6225 141. 47 1.2 mm [20]
YAG : Ce’" single-crystal
LD 65 4948 274 0.9 mm [21]
LED 72 6469 109 1.0 mm [22]
YAG : Ce®* ceramic
LD 59 4712 109 0.3 mm [23]
LED 70 6674 124 0.4 mm [24]
YAG : Ce*" BPIG
LD 94 — 223 1.0 mm [25]
LED R 70 5796 108. 8 88 wm [26]
YAG : Ce’ PiFs
LD 74 6504 210 55 pm [27]

Notes: CRI: color rendering index, CCT: correlated color temperature, LE: luminous efficiency, LED: light emitting diode, LD laser diode.
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Table 2 Comparison of different preparation methods for fluorescent glass

Adjust parameters

. - . A LE/
Preparation Glas's and optimum Temperature/ He'anng IQE/% EQE/ CRI CCT/K . CIE  Thickness Ref.
method matrix C time % (lm -W™")
values
Concentration of each
One-step ~ 40SnF,-30Sn0-  phosphor — (0.3wt% , (0.3304,
mixed sintering 30P,04 St Ca,-vAISiN, : Fu?, 350 15 min 95 5585 0.3691) [34]
0.7wt% LuAG : Ce>*)
Particle size of the glass
Two-step 445i0,-28B,053- powder (50 wm) and . (0. 3606,
mixed sintering  14Na,C0O3-14Ca0  sintering  temperature 900 15 min - 93.1 59.3 58.9 4670 240 0.397) L4mm  [35]
(900 C)
Twoost ) Weight ratio of phos-
*wl? ts.etp 26B,0;-357Zn0- phor to glass powders (0.307
substrate 128i0,-10La,05-  (2:3), temperatures 640 40 min 91 — 93 6937 120 U 143 um [36]
forming i . 0.319)
sintering 11WO0;-6Li,0 (640 C) and holding
‘ 8 times (40 min)
Two-step Thickness of the PiFs
substra 30SnF,-40Sn0- ) ' .
j‘lr’zir:‘f 30]23 o (79 pm) and the ratio 225 10 min ~ — — 81.4 3379 93 %0‘3‘;(;1)’ 79 um  [37]
ormime TS of KZSiFﬁiMn4+ to glass o
sitering
(10~30)8b,05-
(10~30) B,05- Stacking order (YAG :
Two-step (5~30)Te0,-  Ce® BPIG adjacent to
substrate . . (0.4183,
. (10~25)ZnO- the chip) and concen-  540~690 10~80 min — — 77.3 3346 93.9 820 um  [38]
forming . . N - 0.4049)
R (5~20) Na,O- tration of CaAlSiN; :
sintering 2
(0~10)La,05  Eu®"(40wi%)
(0~10) BaO
25Si0,-25B,05- )
Onesstep - 307,0.541,0,-  Type of the PG (4- 600 30mn — — §7.3 3651 727 O3 om [39]
mixed sintering quadrant ) 0.375)
15K,0
: Al content in the ther-
S B,05-Si0,-
bpa'rkl pl'aima 2 Af 0 2 mally  graded layer 550 1 min — — 5222 — (00',5;;%2)’ 5.5mm [40]
sintering 503 T5vol% .3
Phosphor content
Microwave Soda-lime (3wl% ) and micro- (0.3016,
irradiation silica glass wave irradiation energy = 2.3 6 0.3098) 1 mm [41]
(651 kJ)
Joul Incident current of
h'm:.e — the power supplement — 20 s — — — — 164.24 — 1.5mm [42]
cating (22.5A)
Induction [ L (0. 3387
B,05,-Si0,-Zn0 g S — — — — — ’
heating 203-510,-Zn Induction time (30 s) 5290 75.3 0.3757) 0.5 mm [43]
57.2Te0,-7. 2B,05- )
€O, laser 12. 2Ba0-16. 2Na,0- Exposure ume“ ( 30 s) (0. 3466
Lo and  concentration  of _ 30 s _ _ 88 4999 — ’ _ [44]
heating 3.2A1,0,5- SrAlz()43Euz+( 15wi%) 0.3652)
4Eu,05

Notes: IQE: internal quantum efficiency, EQE: external quantum efficiency, CRI: color rendering index, CCT:

CIE: commission Internationale de 1'Eclairage.

correlated color temperature, LE: luminous efficiency,
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Schematic diagram of the fabrication processes of bulk phosphor-in-glass (BPIG) (a), the photoluminescence spectra under 370 nm excitation
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Fig. 2 Schematic of manufacturing process of red bulk phosphor-in-glass ( RBPIG) and its application in rear combination lamp (a) , actual

image (b) and photometric characteristics with current ranging from 350 to 750 mA at 1 min runtime (c) of laser diode module with

25wt% RBPIG!]
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Fig. 3 Applications of BPIG : Ce** and PiFs : Ce™ in the solid-state laser lighting'® ; (a) assembly diagram of the laser module, (b) light-

ing diagram of the laser module, (c¢) normalized electroluminescence spectrum of the laser module
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Fig. 4  Pulverizing process of cylindrical waste glass (a) , fabrication process of bulk phosphor-in-glass (BPIG) (b), schematic diagram of auto-

motive lighting application (c) , the optical characteristics of blue light emitting diode chip package size of 1. 375 mm? yellow BPIG (d)
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Fig. 5 Preparation process of bulk phosphor-in-glass ( BPIG) converter by screen printing and sintering (a) , fabrication process of BPIG-
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compress

separator

separator
removed

LT A P A G g () Y
, blade-

22T B PR A S5 (o) L0

, screen printing patterned structure (c) (701

3.1 NEEBFRE

2017 4, Park 25"V & XF PiFs 5 i85 S Hu ] RS 48 2 ]
Gy A BB A3 2 W IR, 1 e R TR 4 43 b R R
FEAM AR YIS T B A2 15 mm (4 B AT B 17 BB A Horr
2B 100 wm BIZEER R, B )RR 75% (1K
U 28R 5 25% (RFL4 %0 1Y B,0,-Si0,-A1,0,
PSR A, 2 50% (R %0 1Y
YAG : Ce” % 5 50%(14:% 380 1 B,0,-Si0,-Al,0,
POEHMA R IREY ., BEfE, RAKIESE TREH AR,
1E 550 °C (M AN 100 C - min™') | 30 MPa | hii#k
1 min, #l% T PiFs (SR K 3.6 W-m™"-K"), 7F
445 nm LD ¥ % F, % PiFs 315 1 CIE 4 (0.3402,

=R
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0.3688), CCT A 5222 K, HiRMIBE A B2 A
FIFITT PiFs S5 IR Z B A K R 802 5, i B
1E PiFs Filf 2 ] B GCR 40 2, BRI AR rp = AR 1
PR R SRS RWE L, MRS
e, SO TRERMUIEIARIA . R0, RAEREL R A
Gyol AR B B ik, X6 SO R RO R AR AR R R
W, Zhou %57 &%t ke fl Ve KOIE TR TERERE K. T K
(>20h) . IREE (>1780 C) . Wi FALW AN
Ce™ T AR IS 2R BORN LE S5 0], o — i BE AL R 9%
BIJE 75 P123 & EIA 1L Si0,(SBA-15) B3A 5 3% YAG :
Ce” HIRA WA NN 15 mm B BIFIE 1 B A
KA KACEE FESHEH AR (100 Comin™) #il & T
BPIG, 7E 455 nm 120 mA LED #4 F, % BPIG 3R13#Y
LE }127.9 Im - W', CCT >4 5877 K, CRI N 69, HF5%
FH, AL Sio, BIAMRERER, R 7 i AT )
FSE VR I i 3 i 3w, mT DARR IR be g g, 1
WA S ON R B T i £ BPIG,

3.2 HEMBEKSE

2020 4F, Park 45 BRI Bl KR BRAE AL R AR A
GG B TR, YAG = Ce™ (VI R BN 8. 0x
107° K™) 55 64 Ak 3 B 3 (P Ik REOCH 7.2x107° K1)
B4, 7660 MPa RIS & FRMME L, FIHK
FRGCB Y (it D3k 350 W, Fe RIIR A 700 W, TAE
BN 2.45 GHz) N % T YAG : Ce™-BPIG, 7
460 nm LD ¥ % T, % BPIG 3451% CRI & 69, CIE K
(0.3016, 0.3098), 7£ 1.5 W LD 8RBT, e Fm i E
H96.1 C (HLAARMK 22.5%)

2021 4F, Liang %'V 6 YAG : Ce™ SUERME 1:1(JR
) FEEZS T FHEEE 15 min, ££ 20 MPa F4#/% 2 min
AR, SRR B MIEE AR TE 20 s NI4T YAG : Ce™ -
BPIG, 7£ 2.13 W LD & T, % BPIG 318/ LE &
164.24 Im - W' B BELIRBE R TH ST, B PRI FLEL
WD LRI, BEEEH S YAG < Ce™ 22 [H] i S 1 Sz 1 14
P, BEYAG : Ce” M T REM, LE T %, Peng
2904 B,0,-Si0,-Zn0 BEEE K A1 10% YAG : Ce™ IR &
YIHE 100 MPa R Rl 4 min B, R R #2517
BPIG, 7F 400 mA@ 450 nm LED 4, % BPIG 3K
LE }75.3 Im - W', CCT & 5290 K, CIE 4 (0.3387,
0.3757); #£3.84 W LD 3k, i% BPIG k151 LF 4
1040 Im, CCT 24 5703 K, CIE J(0.3276, 0.3531), #f
FERoN, MIEERRER BB BL R (1. 82) 5 YAG : Ce™ (1. 84)
ProfRMICEc, W T 2R ORI S ST 2k | $as T
BPIG HJ62EL, HIL, %77 £l 1 BPIC BA BRI
M e, #2355 [ LED/LD B B (5 52 & 7 48 1,

Arellano-Morales 2517 & o — 25 Ba 48 v 11l %% TeO, #E BPIG
AEAEIMFAIRT (] K B 98 68 W) b & SV R B A1 iy ] A
# 57.2Te0,-7. 2B,0,-12. 2Ba0-16. 2Na, 0-3. 2Al,0,-4Fu, 0,
BEESHT AR AE 800 C F N 35 min S MM BLEEHY . 15%
SrALO,: Eu* fE 8 MPa F R, RH CO, OGN
FAEA I T L6145 7 SrALO,: Eu™ -BPIG, 7E 20 mA@
385 nm ST AN LED ¥R T, B 30 s 19 15% SrAlO,:
Eu”-BPIG 353149 CRI 2~ 88, CCT Jy 4999 K; HBEY:45 s Y
10% SrAl,0,: Eu* -BPIG K311 CRI 24 69, CCT k2369 K.
CO, Hehessn] LA miin#est 6], s> 5t Ry e fie, (2
SR KA (3 h)

R, KARSE B RS | WOGBES AR H
T LUA R R BR A5 I 1), H ) A R EOR B . K
AEE B ARG T B milh i e, B Ebesi bk,
TSI T M S T i B 4 . OGR4 T U R
W RHIMATEE R, HILZ T, BN
B REE, WA, HERSEHEE S S TRE
SRl BPIG R L RAL; Hesh, F BBk
FAIUSCARRINE , 107 1 ME LA A A5 HEY BPIG , ol besh
AR LA G il s i e) AR R, R AR AGE
T HA WG R REL

4 & iF

UTARSR, PEOCIERE i PRI S R O M A T I 2 B
B B TlAR LI [l A A28 DA 1 3 B ik Jo 4 5 |
PR S POUR HL B AP RS £ 4 A5 T T
MTERMS T, IS T REFNRCR, N TR R
REZECHE, ALEIELL IR, O 96 AR
BIEOR, B9 E SR AR T 4E 55 I a0 AOEMEfE ;
Q) BHEIEBTR G PR, BI5GB RE BT e 2 I 5 5%
IR AL, PRIE PR A Y B BRI RO
PERE; @ ZOUK SR RE B A I ST R ICHC,  RIA BRI
FOCYIENHOCHGT, $m POCHE B 2OLRUR,; @ %
JCH Y ATRETE; © PRSI S I K 5 i
i, W RECE | SOERE R RO B T BN
JCT ARG | SR A R AL S5 (RO FRE
B . BIEAE) oAb, DOLHEEE AR Z 8] 128 o
JZ R R AVE SR )T R i — A

Bt A ATDGE s i S5 R B B 5 SR i, F o s
EHRRC, AR S TR o PR E 1 9 [ 25 IR ] e 23
TEJAE . 5506 A ORI BRI BOR A T, OB
WA BA @ D3N dedf AOCROCR T | SR | FE
RESEAD | MR /N BT EER T A7 fw EAELH
P, RO BT I O6 RS 1 ) 7 7 ps 2 2 45
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