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Temperature Effect on the Optical Properties of YAG and Silicate
Phosphor-based White Light Emitting Diodes
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Two white light emitting diodes(LEDs) were fabricated by using two kinds of yellow phosphor, YAG:Ce and (Sr,Ba),SiO4:Eu, and
their spectroscopic properties were analyzed as a function of temperature from room temperature to 80°C. The asymmetric double
sigmoidal function was applied to both blue and yellow peaks of the emitting spectrum to obtain the center wavelength, the
amplitude, the half width, and the skewness parameters. According to this analysis, the center wavelength of the blue peak shifted
to longer wavelength while that of the yellow peak shifted to shorter wavelength. In addition, some of the skewness parameters
were found to increase upon heating, which indicates that spectrum asymmetry becomes enhanced at higher temperatures. The
changes in the color coordinates and the luminous efficacy were larger for the case of silicate-based white LED. These results
suggest that the silicate-based white LED is inferior to the YAG-based white LED from the viewpoint of color stability, efficacy
and color rendering index.
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FIG. 1. (a) A schematic figure of a white LED where phosphor
particles are coated over a chip. (b) The comparison of white points
of two LEDs on the chromaticity diagram measured at room
temperature. The black dot and the red dot correspond to the
YAG-based and silicate-based white LEDs, respectively.
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FIG. 2. (a) Photo of the surface-mount LED package used in this
study and (b) its schematic drawing.
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FIG. 3. The comparison of an emitting spectrum of (a) a YAG-based and (b) a silicate-based white LED at two temperatures. The emitting
spectrum of (a) a YAG-based and (b) a silicate-based white LED along with best-fit results (solid lines) obtained by using Eq. (1).
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FIG. 4. The temperature dependence of x., w;, w> and w3 of the spectra of blue LED chips.
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TABLE 1. Curve-fitting parameters of the emitting spectrum of the YAG-based white LED at six temperatures

Temperature (C) 25 35 45 55 65 75

Xc (nm) 454.5 455.0 455.7 456.3 457.1 458.0

A (arb.unit) 8.3 8.5 8.1 8.5 8.2 7.4

Blue Peak w; (nm) 11.1 10.6 11.3 10.0 10.4 123
w, (nm) 6.4 6.7 7.0 7.4 7.8 8.1

w3 (nm) 8.3 8.4 8.3 8.4 8.3 8.2

X (nm) 566.3 566.1 565.8 565.5 565.3 565.1

A (arb.unit) 3.2 32 3.1 3.1 3.0 29

Yellow Peak w; (nm) 109.1 108.7 108.2 107.6 107.4 107.8
w, (nm) 15.7 16.0 16.4 16.6 17.1 173

ws (nm) 335 33.8 34.0 34.4 34.5 34.6

TABLE 2. Curve-fitting parameters of the emitting spectrum of the silicate-based white LED at six temperatures

Temperature (C) 25 35 45 55 65 75

X, (nm) 450.4 451.2 451.5 452.0 452.9 453.5

A (arb.unit) 10.1 9.4 9.5 9.4 8.8 8.5

Blue Peak w; (nm) 9.9 11.2 10.6 10.6 11.7 12.1
wz (nm) 4.0 4.1 43 4.4 4.6 4.7

ws (nm) 10.1 10.0 10.1 10.1 9.9 9.9

Xe (nm) 561.8 561.2 560.1 560.1 558.9 558.1

A (arb.unit) 44 44 44 42 4.2 4.0

Yellow Peak wr (nm) 64.3 63.2 60.2 61.8 58.5 57.0
wy (nm) 154 15.8 16.2 16.3 16.9 17.3

w3 (nm) 31.2 31.6 323 322 329 333




140 3H=+338k3)2] A24E A3%, 201349 6

Sof ool MYOR Wske AR HolFT e Uel o SEARS] whek ZolEe vtk ool ABA
o ssEdol MAE YA BAE olde AR 8 24k BAlkoss] A4 Aol B s orld
A LEDS] 28ERlo] MR OR 248 A%ow o 2 v B Getivaon 9] oX|7F BAL] FeR WEEA ow
YL tehdithe 22 ojulak PAEHE 27 F(phonon)] He WITH BHEo] oA

1) 5(a)= BN
STo)EHS Wolz

‘ﬂf oL N

A wgeast e FAse Hoh wXE W et RAe vehl 28 SO~ Hu 9
Z  E0 o2%e) ugAAS Uehhl mek w7t LEARSO

el et ashAn AeAols gAe) wskEo] B B vt mE Zshe A% & 4 9k ol WAl ma
2 o % gk olgfat Auke AeAolEA WA LEDY A A7k meolA o Woldthe A& st olfst At
EOgA] B4 e GFL /1A AOR YT 4 Atk & ™ 3@ )Y AMEY FyAE el S gick
59U 75 2700H 2HERY AL T SOOI B 5 1Y 49 29 5o AAE iR 4G S
O AHY AAS) gashan Qe ol FYA WAL 1320 elslo] Ytk E 12 YAG G| )4 LEDS]

| " w . = YAG | 44l o N = YAG ]
566 "omom o, o siicate ! ¢ N Silicate
LI 421 ° } T
564 | E 40} [ ]
~ r .
= g 3.8- ]
g 562 ° E s 36k ]
= ¢ % o 701
< 34F E
560 - o o o } ] Ll
4 o B ] 1
% % 30- e " s on
558- L 1 1 1 1 ‘ ? ] . -. '} '} 1 1 T u - ]
20 30 40 50 60 70 80 20 30 40 50 60 70 80
Temperature (C) Temperature (C)
(@ (b)
120- T T T T T T - T T T T T T
= YAG 175L ® YAG ' -
MOF o w u = . : §1I|c.ate- | ® Silicate i
100 - - 17.0F i
~ 90 E - ]
é £ 165} § % E
R [ ]
:: 80| b N e O °
ol ] wop % ;
e o i ¢ ' m {
[ o o i
60 . i%i.o 155F 4 ¢ :
50 1 1 1 1 1 1 A 1 " 1 i 1 " 1 " 1 i 1
20 30 40 50 60 70 80 20 30 40 50 60 70 80
Temperature (C) Temperature (C)
© (d)
35.0 T T T T T T
. YAG [ ]
[]
3451 o silicate _——_ ]
340} A ]
g "
335F = E
* o
2 330} % ]
=)
_~ 325 4
2 ® o 0
320F E
315} J
Lile
31.0 1 1 L " 1 1 L

20 30 40 50 60 70 80
Temperature (C)
©

FIG. 5. The temperature dependence of x., w;, w> and ws of the spectra of yellow phosphors.
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