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A study of novel nitridation technology to
enhance the luminescent intensity of high power

environmental YAG:Ce®* phosphor

Abstract
In this study, YAG:Ce*" phosphor was synthesized by nitrogen doping with varying content of

hexamethylenetetramine (HMT) by solid state reaction to improve its luminescent intensity. The optimal
content is by introducing 50 wt.% HMT under annealing at 1450° C for 8 hours. After treatment, the
photoluminescent intensity of and luminous efficacy of as-synthesized YAG:Ce phosphor and YAG +
Blue chip was dramatically enhanced by 9.87% and 40%, respectively.The structure and
characterization of these samples were carried out by using XRD, PL, SEM, as well as EDS and XPS.

Moreover, the surface morphologies of the doped samples were smoother and globular than the
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un-doped which indicated the increase in luminous intensity of the phosphor. Using the doped samples,
the white LED luminous efficiency obtained 78.4 Im/W and was successfully obtained with the
combination of blue LED chip, thus improving the performance of the LED. Therefore, nitride doping
phosphor is a good method to enhance the luminous intensity of the phosphors.
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Fig. 1. XRD patterns of YAG:Ce phosphors with different weight percent of HMT

after sintering at 1450°C.
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Fig. 2. XRD magnified part patterns of YAG:Ce phosphors with different content
of HMT.
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Fig. 3. Lattice constant of different content of HMT of YAG:Ce phosphor.
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Fig. 4. PL Emission spectra of YAG:Ce phosphors under excitation of 460 nm
with different content of HMT at 1450°C.
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Fig. 5. Normalized photoluminescence intensity with different content of
YAG:Ce.

Bk e ke R B AT S S S RER A ] Ak S TR E
At YAGICE ¥ kb5 £ B et 2 ehfh Flde 60 @)fr(b) s p & & 2 b
YAG:Ce™ > (0)fr(d) & # & @ 7 1 F P43 5 HMT e & & S A 4 36 e T
FEFNE R WA e LER  RAFEPFLBRRBRFZ - - B 7 A
3532 80Wt.% HMT 2 YAG:Ce™ % %4 EDS 2 47 » ¢ 4 17 15§ FIH %
7% B 5 361wt% » 3 E 2 (s H A F N5 Y3AI00N26%Ce o d B R F

e r YAGICe™ thi ffe? o ips At ¥ AP KR K H PR T



®16 (a) YAG:Ce* 4 # 32 HMT(b) YAG:Ce* #3280 wt.% HMT(C) 7 &(id
£)YAG:Ce* 2 ##HMT(d) ¥ &(#*%)YAG:Ce* #310wt.% HMT2 SEMH]
Fig. 6. SEM images of (a) YAG:Ce, (b) YAG:Ce with 80 wt.% HMT, (c) YAG:Ce
(commercial), (d) YAG:Ce (commodity) with 10 wt.% HMT.
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Fig. 7. SEM and EDS analyses of YAG:Ce phosphor with 80 wt. % HMT.
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Table. 1. EDS analysis of YAG:Ce with 80 wt.% HMT.

Element Weight% Atomic%
CK 24.63 42.91
N K 3.61 5.39
OK 25.10 32.83
Al K 14.61 11.33
YL 32.04 7.54

Totals 100.00
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Fig. 8. Comparison of the thermal stability of YAG:Ce and N-doped YAG:Ce
phosphor.
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Fig. 11 Package appearance of (a) YAG:Ce and (b) YAG:Ce with 50 wt.% HMT.
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Table. 2 Luminous efficacy of LED.
# 5 PL3 & % k2

YAG:Ce 100 54.3
Precursor+50HMT 100.87 78.4
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