
Chin. Phys. B Vol. 21, No. 9 (2012) 098504

Color-converted remote phosphor prototype of

multiwavelength excitable borosilicate glass

for white light-emitting diodes∗

Tian Hua(田 华)a)b)c), Liu Ji-Wen(刘技文)a)b)d)†, Qiu Kun(仇 坤)b)c),

Song Jun(宋 俊)b)c), and Wang Da-Jian(王达健)b)c)d)‡

a)School of Materials Science and Engineering, Tianjin University, Tianjin 300072, China

b)School of Materials Science and Engineering, Tianjin University of Technology, Tianjin 300384, China

c)Institute of Materials Physics, Tianjin University of Technology, Tianjin 300384, China

d)Tianjin Key Laboratory for Photoelectric Materials & Devices, Tianjin 300384, China

(Received 7 February 2012; revised manuscript received 5 April 2012)

We report a unique red light-emitting Eu-doped borosilicate glass to convert color for warm white light-emitting

diodes. This glass can be excited by from 394 nm-peaked near ultraviolet light, 466 nm-peaked blue light, to 534 nm-

peaked green light to emit desired red light with an excellent transmission in the wavelength range of 400–700 nm which

makes this glass suitable for the color conversion without great cost of luminous power loss. In particular, assembling

this glass to commercial white light-emitting diodes, the tested results show that the color rendering index is improved

to 84 with a loss of luminous power by 12 percent at average, making this variety of glass promising for inorganic

“remote-phosphor” color conversion.
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1. Introduction

Phosphor converted white light-emitting diodes

(pc-WLEDs) have achieved wide applications partic-

ularly in the indoor lighting field, which is expected

to replace the conventional incandescent and fluores-

cent lamps in the future.[1] Generally, the WLEDs

are realized by the combination of a GaN-based blue

LED chip and yellow phosphors.[2−4] For high power

WLEDs, the temperature increase of p–n junctions

of WLEDs in service leads to serious degradation of

phosphor particles and packaging resin, and then de-

crease of luminous efficiency. Fortunately, a new vari-

ety of bulk phosphor, called the remote phosphor, ap-

pears in the form of silicon/phosphor particle compos-

ite very recently, providing a solution for the above-

mentioned thermal threat to WLEDs and a means to

convert lighting resource from point to plane.[5,6] Fur-

thermore, the luminous efficiency can be effectively

improved by the remote phosphor packaging. How-

ever, some serious drawbacks are need to be overcome,

including high correlated color temperature (CCT)

and low color rendering index (CRI) mainly owing

to the deficiency of red emission. In order to com-

pensate red emission, color mix with red light with

AlInGaP red chip or red-emitting phosphors to YAG:

Ce3+ yellow light has been adopted to generate warm

white.[7−9] Moreover, all-inorganic remote phosphor

such as glass, glassceramics, and transparent ceram-

ics could be superior to those organic/phosphor com-

posites particularly in chemical stability. Thus, the

glass system of SiO2–Al2O3–Na2O–SrO doped with

Eu3+ can be applied to color addition of red for white

light emitting diodes to improve the quality of white

light.[10] Meanwhile, the borosilicate glass as a bulk

material might meet the requirements of high and sta-

ble transmission coefficient in the visible range. It
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is stable, inexpensive, and easy to be made into a

large plate,[11] and has been widely investigated.[12,13]

In this study, we synthesized a Eu-doped borosilicate

glass and observed a unique photoluminescence of this

luminous glass excitable with near ultraviolet light at

the wavelength of 394 nm, blue light at 466 nm, and

green light at 534 nm simultaneously, enabling a red

addition to color mix for WLEDs.

2. Experimental

The compositions of all glass samples with differ-

ent Eu-doping concentrations (mole percent) are listed

in Table 1. Glass was melted in air using an alumina

crucible at the temperature of 1500 ◦C for 2 h, fol-

lowed by quickly pouring into a preheated stainless

steel mold for quenching. To ensure the thermal and

structure stability, the glass samples were annealed at

temperature of 600 ◦C for 1 h and then cooled natu-

rally to room temperature in a high temperature fur-

nace. All the as-prepared glass samples were cut and

then polished to pellets in a size of 10 mm in diameter

and 3 mm in thickness.

Table 1. Nominal composition of all glass samples (%).

Sample Composition/%

SBB0 35SiO2–35B2O3–30BaO

SBB2 35SiO2–35B2O3–30BaO–2Eu2O3

SBB4 35SiO2–35B2O3–30BaO–4Eu2O3

SBB6 35SiO2–35B2O3–30BaO–6Eu2O3

SBB8 35SiO2–35B2O3–30BaO–8Eu2O3

SBB10 35SiO2–35B2O3–30BaO–10Eu2O3

SBB12 35SiO2–35B2O3–30BaO–12Eu2O3

SBB14 35SiO2–35B2O3–30BaO–14Eu2O3

Transmission spectra were measured by a UV-

Vis spectrophotometer (Purkinje General, TU-1900,

China). Photoluminescence (PL) spectra were

recorded on a fluorescence spectrometer equipped with

a xenon light source (Hitachi F-4500, Japan). CRI

and the luminous power were measured on a plus UV-

Vis-near IR spectrophotocolorimeter (Everfine PMS-

50, China). All of these measurements were carried

out at room temperature.

3. Results and discussion

Figure 1 shows the optical transmission spectra of

the glass samples with different Eu-doping concentra-

tions. In the visible range, the glass without doping

does not exhibit any transition bands, while all Eu-

doped samples exhibit a complete difference with high

and stable transmission coefficients. The transmission

spectra consist of several inhomogeneously broadened

f–f transitions of the Eu3+ ions. The bands peaked

at around 394, 466, and 534 nm correspond to 7F0–
5L6,

7F0–
5D2, and

7F1–
5D1 transitions of Eu3+ ions,

respectively.[14,15] The intensities of those peaks at

around 394, 466, and 534 nm increase gradually with

the increase of Eu-doping concentrations due to the

absorption enhancement of Eu3+ ions transition. In

the ultraviolet range, the transmission coefficients of

all samples drop dramatically to zero with the de-

crease of wavelength, which is most likely due to the

electronic transitions in the glass. The band gap in

inorganic glass depends mainly upon two factors: one

is the atomic number of anions and cations, and the

other is the proportion of non-bridging oxygen (NBO)

in the glass.[16] Because of narrowed energy band gap

with increasing NBO sites in borosilicate glass, the

addition of Eu2O3 to borosilicate glass increases the

number of NBO sites, leading to a red-shift of the UV

transmission edge.
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Fig. 1. The transmission spectra of Eu-doped borosilicate

glass with different Eu-doping concentrations.

As shown in Fig. 2(a), Eu3+-doped borosilicate

glass could be excited effectively by near ultraviolet

light at the wavelength of 394 nm, blue light at 466 nm

and green light at 534 nm. Two strongest peaks of the

excitation spectrum at 466 and 534 nm are found to

correspond exactly to the emission from InGaN blue-

chip and YAG: Ce3+ band respectively. In Fig. 2(b),

several characteristic emission peaks are observed, the

intensity of the emission for 466 nm ranks as the high-

est, for 394 nm as the lowest, and for 534 nm lies in

between. The strongest emission of the sample is lo-

cated at the wavelength of 617 nm, corresponding to
5D0–

7F2 transition of Eu3+ ions.[17]
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Fig. 2. (a) Photoluminescence excitation (PLE) spectrum of borosilicate glass (SBB8) sample with emission wavelength

617 nm, (b) emission spectra excited by near ultraviolet light at the wavelength of 394 nm, blue light at 466 nm, and

green light at 534 nm.

Figure 3(a) shows the emission spectra of all sam-

ples excited by blue light at the wavelength of 466 nm,

while Fig. 3(b) shows the relationship of intensity and

doping concentration. As the doping concentration

varies from 2% to 14%, the emission intensity in-

creases until the doping concentration of Eu3+ is up

to 8%, and then decreases for higher concentrations.

Together with the absorption proportion in Fig. 1,

this decrease of emission intensity for higher concen-

trations is attributed to the concentration quenching.
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Fig. 3. (colour online) Emission spectra of borosilicate

glass with different Eu-doping concentrations excited by

blue light at the wavelength of 466 nm. The inset shows

the relationship of intensity and doping concentration.

To examine the conversion effect with this glass,

a prototype was fabricated by combining this fluores-

cence glass with a commerical WLED. Figure 4 shows

the emission spectra of the prototype with the WLEDs

of InGaN/YAG:Ce. It is observed that by covering the

glass on WLEDs, the red component is added to the

white light while the luminous efficiency tends to be

reduced. Without fluorescence-converted glass, only

two emission bands exist while the red emission bands

are also observed upon applying the glass. In this way,

the red component was mixed to improve the color

quality.

Wavelength/nm

In
te

n
si

ty

450 550 650 750

WLED
with glass

WLED

current intensity 20 mA

blue chip 460 nm

5L65D2
5D1
5D0

7F2 2F7/2
2F5/2

7F1
7F0 Eu3+ Ce3+

4
6
7
 n

m

5
7
0
 n

m

6
1
7
 n

m
5
9
2
 n

m
4
6
7
 n

m

5denerg
y

tra
nsfer

YAG:Ce3+ 570 nm
glass 617 nm

Fig. 4. The emission spectra of a WLED with and with-

out Eu-doped borosilicate glass converter.

The CRI of a combination of the WLEDs with

the Eu-doping glass slices drived by varied current

intensity are measured, and for comparision, CRI of

WLEDs are aslo included. As shown in Fig. 5, it is

observed that the CRIs of the WLEDs covered by the

Eu-doping glass are improved to 82.7, 83.4, 83.2, 83.9
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and 84 compared with those of WLEDs, drived by 10,

15, 20, 25, and 30 mA, respectively. The results ob-

tained from the experiments indicate, to some extent,

an improvement of CRI vlaues for the WLEDs covered

by luminous glass.

Current/mA

10 15 20 25 30
40

50

60

70

80

90

C
R

I

 WLED    WLED with Glass

Fig. 5. The change of CRI of WLEDs with and withut

luminous glass converter drived by varied bias current den-

sity.

As shown in Fig. 6, the luminous power of the

combinational prototype are also evaluated. Pre-

liminary experimental results show that the loss ra-

tio of luminous power of the WLED covered by the

fluorescence-converted glass is less than 12%, indicat-

ing a feasibility of applying this borosilicate glass as

an excellent red-added material to improve the color

quality of the present WLEDs.
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Fig. 6. The increase of luminous power of WLED with

light conversion glass.

4. Conclusions

In summary, Eu-doped borosilicate glass is pre-

pared with high-purity grade oxides or salts as the

starting materials via melt quenching method in air.

In the visible light range, the Eu3+-doped borosili-

cate glass exhibits a high and stable transmission co-

efficient. The glass could be excited efficiently by

near ultraviolet light at the wavelength of 394 nm,

by blue light at 466 nm, and by green light at 534 nm.

The emission intensity increases with the increase of

Eu3+ concentration up to 8%, and then quenches

for higher concentrations. To some extent, CRI has

been improved by covering this converting glass to

WLEDs with a loss ratio of the luminous power less

than 12%. Through further optimization of the com-

position, structure and combination, the Eu-doped

borosilicate glass is a promising red flourescent ma-

terial to enhance the red emission. A trade-off for this

luminous glass has to be made by taking into account

of CCT, CRI, the luminous efficiency and the unifor-

mity of light extraction upon light/color conversion

from “point” to “plane” light with this all-inorganic

remote phosphor.

References

[1] Tonzani S 2009 Nature 459 312

[2] Schlotter P, Baur J, Hielscher C, Kunzer M, Obloh H,

Schmidt R and Schneider J 1999 Mater. Sci. Eng. B 59

390

[3] Lin M T, Ying S P, Lin M Y, Tai K Y, Tai S C, Liu C

H, Chen J C and Sun C C 2010 Jpn. J. Appl. Phys. 49

072101

[4] Li P L, Wang Z J, Yang Z P, Guo Q L and Li X 2010

Chin. Phys. B 19 017801

[5] Luo H, Kim J K , Xi Y A, Schubert E F, Cho J, Sone C

and Park Y 2006 Appl. Phys. Lett. 89 041125

[6] Lin M T, Ying S P, Lin M Y, Tai K Y, Tai S C, Liu C H,

Chen J C and Sun C C 2010 IEEE Photon. Tech. Lett.

22 574

[7] Yamada M, Naitou T, Izuno K, Tamaki H, Murazaki Y,

Kameshima M and Mukai T 2003 Jpn. J. Appl. Phys.

Part 2-Lett. 42 L20

[8] Bachmann V, Ronda C, Oeckler O, Schnick W and Mei-

jerink A 2009 Chem. Mater. 21 316

[9] Wei X D, Cai L Y, Lu F C, Chen X L, Chen X Y and Liu

Q L 2009 Chin. Phys. B 18 3555

[10] Cao T, Chen G T, Lu W C, Zhou H, Li J F, Zhu Z J, You

Z Y, Wang Y and Tu C Y 2009 J. Non-Cryst. Solides 355

2361

[11] Zhang Q, Liu X F, Ye S, Zhu B, Qiao Y B, Dong G P,

Qian B, Chen D P, Zhou Q L and Qiu J R 2009 IEEE

Photon. Tech. Lett. 21 1169

[12] Zhang Q, Qiao Y B, Qian B, Dong G P, Ruan J, Liu X

F, Zhou Q L, Chen Q X, Qiu J R and Chen D P 2009 J.

Lumin. 129 1393

[13] Zhang Q, Liu X F, Qiao Y B, Qian B, Dong G P, Ruan J,

Zhou Q L, Qiu J R and Chen D P 2010 Opt. Mater. 32

427

[14] Wada N and Kojima K 2007 J. Lumin. 126 53

[15] Jamalaiah B C, Kumar J S, Babu A M and Moorthy L R

2009 J. Alloys Compd. 478 63

[16] Shen S and Jha A 2004 Opt. Mater. 25 321

[17] Zeng Q H, Pei Z W, Wang S B and Su Q 1998 J. Alloys

Compd. 277 238

098504-4


