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Implementation of UV-based White LED and

Study on the Analysis of Characteristics.

Hyung Sik Jung

Department of Division of Image information Engineering,
The Graduate Sehool,

Pukyong National University

Abstract

In this study, (Ca,Mg)SixOs:Eu® of silicate phosphor was synthesized through
solid-state reaction and natural cooling method. The XRD pattern agree with
JCPDS # 75-1092, indicating that the obtained samples are Monoclinic structure
with a space group of C2/c(15).

All spectra consist of the blue emission bands. FEu?-doped (Ca,Mg)SisOg
phosphor show “emission.. bands peaking--at “450nm(blue) from the allowed
Af"-4£°5d transition of Eu®" ion.

The temperature dependence of emission spectra of (Ca,Mg)SixO¢Eu®" was
investigated. The emission intensity decreases to 50% of that at room
temperature, is about 100 °C. White LED were fabricated using UV LED(400
nm) with our phosphor. It show x=0.3936, y=0.3605 of color coordinate,
correlated color temperature 3500 K, color rendering index &87.7 and total
luminous flux 18.83 Im.

Our blue phosphor can be used in the application of White LED based on
UV LED chip.

keyword: (Ca,Mg)SisOs:Eu®’, white UV LED
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A 12 3 33 A (Phosphor)

1.1 %3 A3
9347 (phosphon) ¥ ©1el FE Sl AUAE Hohgel W WEFE T

g W], B8 AN B G Be e 2Ee QAT FBA o
5

i

o] 2 %
o o] Z ¥FsZ(luminescence)©] 2Fal ko), &3 o] W& & 3A| 7} oy A
g WolEd 2 82 o7 &

& 2l(phosphorus)e] &7] oA BS W= Ao A
B

al =

oAZ A7t ARG oE WEE = ol

AA el mEmel k2 W, o] aAE EA (host, H)Eh &L, &

Aol =i w3 T4 (luminescence center)s Ql91¥ o2 e @
7h vk @g-E FEAvtE oy A g8 ARE AXA Hed dird o
v Fzpo] o3k o YA = & FA A (host material) 7} &38FaL, o}
g RAS AxpApold] Ao g Foj7b awe] &AA
(activator) = A o] dojupA HAY, FFEA oA o

7F dojy= 2A &4 3 (self-activating) A S AX Al @k F G 2A U
Aol |q A Hol7b dojups= A9 whage] dQle] H= o] 25l duAE
Foto] A Ha 5 ol2o] HIMHE FotewA 8BS WEe
thooluf, o] & Atold Mt AEY HVH A Agolv Aak Al
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AT oldA AY (energy transfer)o] dojdtl oA =

Fste] o7l
E

=
A (sensitizer, S)&} dtal (== donor) 3 7HA) &5

3l o] 2& =7t ] A=
Agwrolx WS wFZ8l= oS &4 A| (activator, A=l ko). o] 23k o
Uz Ad3ge 552 o] 25t o} o] F 9] o] 2E Alolo A= Ao

v, e 85 S7MNTIVIE Shal, bR FAaAlT]E dele] H U=

@t oleld B A ol@ waae s (29 16 ek

& Eapo |4z A (radiative energy: transfer)o] 2tal 319, o] S ¢} o] 2
A Apole] oy x] Aol Hlg wisjE 8hA| ki, F o] HAE Abo] 9]
5 A& oste duAZE "dEEH= AAFE HEAL YA de
(nonradiative energy transfer)o| 23l gt} H]EAL U x] Ad A F A
oF o] 215 9 olqA Afelrt A2 A Ay HES sHAHA A
(resonant energy transfer) ©]g} dlaL, ol R e] zfo]7} EetA oA A&
o] &%=} (phonon)el 7fejo iefefj A “doft= AS F3AF 7]ofol o3t o

U] Ae (phonon - assisted energy transfer)e]ztil gt}
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Al 2& Activatord] YA =94
2.1 Eu? 0|29 quyzx &9

Eu 979 da mde [Xel6s4 o]z Eu*'o] &9 Az wid-& [Xeldf’
olt}, Eu*ol2o] A dets i FFANAM 23 FFS Eurol29]
47 AAA =] ARS] oyR] ool 7|1l o] 4f" HA ALl of
yAl #=8= o A=l AAES 4528 (inter ‘electron interaction)
of os [27 3lolAl BE R} o] ISy, Py, °L, Dy 52 EelHh

bR o2 o] A F9 F HF R HHE S Eelx 1 g
‘Prdloltt. e A Af” A=) A "R T el #AUE 5d HER
7] o) 4f%d A WL S o] F Wl oyA FA7 P =9RY ¥ w2
el ek o174 °Sqn sk By Abol el oy Akel= UVel sjdat= o
UAlelw f A=A FA=EY Hojeln 2 3 &% &2 FFa o]
(not allowed electric dipoletransition) 7} ¥ o] o] &&o| wl$ Yo} =1

HAu Eu?'ol 2ol Al & (host) W2 Eoj7td 9F EAE ojF& ¢

AL AARE o] A% Fo) 55 AL A7) W] 5 AAAo] Aot

(splitting) o] Zo] W& wZ o|Ft} 183l o] 4f%d A=} wjx]¢] oy
A FYE Be AS P FHEG Yol F oAz B oyA F¢
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4 N



] (energy transfer)& Rt} [2¥ 3]¥°
w3 4f5d o EA9 °Syp ESAEelY oy A Hele f-d Holojnw
A7) =2k 88 Aol (electric dipole allowed transition) oJ4] o] =&
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Al 3& Light Emitting Diode

3.1 LED % ¥ %3397

LED+ Light Emitting Diode®] ¢FA}=4 direct band gap compound
semiconductor (B}HEWFEA])S] pn HLS o] & A WG AAo)
o B e Ae FRAE o8 ste] W-LEDS W=t AgEE A
A A LEDS %25 dHRLES sl [29 4= SMD ERQle
A3E7 LEDO A=AQl 25 UEHAT @24 AstEe 44 vE&
M-V feAstedads Gy almde] 5 7% EAeA &l a

- AlLOs, Si, SiC, ZnO, MgO, GaAs®t olF 713 flo Azt o

SiIC7F GaNe¢t 272, AA &5, @93 Al SHelA 7 Ak
A gk qzlel 71 <mHEel o - ALOyF dEl AFgE a gl Aol o)
A @49 pn HgolME [F18 51ekoloyA =7t x4 9
thool g W= Fxo] £WeF vlo]ol~E AojEF wf minority charge

carrier’t F9 WA depletion layerolA] hole®} electrono] %Wk
radiative recombinations &% LED7} H2tsl 1 "o wAgc) f gk
Hlolo] ~E AW p-sideol 4] majority carrier?l holeo] H3HFE S 313}
o] n-side® %Fc}. o)W n-sideol A hole& minority carrier’} ©tc}. whah
A f=ukek npoloj vt AW Hete]l U4E o 9o minority carrier’t Y
A Ha FEFo] Jo minority carrier’} EAEA "Huk o] Yo
minority carrierE-< {3 £ 0% o]% 3} majority carrier$} A 24 gs}o]
band gap °lUAel sFst= AUAE WEskA @k WHEAZE direct

s} Qo] A4 Zestar hy

rE

band gap?l 7% electron®} holeo] &% %2



= Eg 9 YA Z 7}A= photons W3tk ojuf Eg7l 1.8 eV ~ 3.1

eV ol 7hA|ge] BlE Es = Aotk

LED Chip

Plastic Lens

.....

Slug/Heatsink

[ 4] dst&A LED9 A4 &,

Confinement Electron
layer blocking MQW

A F)ﬁ" active region

P-type N-type ' EC =

Confinement
layer

{ i) [l |
N e et EF L
[ FI'I' i
L GalnN Ey, —
AlGaN |_L‘_ L |
Ga AlGaN GaN AlGaN

[Z2¥ 5] AlGaN / GaN / GalnN multi quantum well %]
W= Thojo] 713,
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3.2 White LED¢] 38 %

A7 LR LEDE o83 MAle] 7@ wie A [19 613 o] 7
=1
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Zhe] A4, %A A LEDE 2%shs W
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<Host materials> <Activator> <Flux>
CaCoO;, MgO, SiO, Eu,0; NH,CI
[ ‘ | |
. Mixing

- Firing tem
(1150°C,

mil T

Solid state reaction
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1.2 F3AY 54 B7}
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2.1 BFAE ©]& White-LED A F % 4 B}

A7) A4 @ FA F3A (CaMg)SiOgEu? & 3 F34do] 953k 34
F2 ¢ £331o], 400 nm UV LED chip 9o S35t} o)w] &3 34 o
A e 58540 7| E(bubble): # EAY AgS = £ gonw B
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He x5 o] &3t AATAT. 2% Drying ovens &3te] 175 Coll A
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<UV chip + wire bonding>

<Phosphors + Silicone Mixing >
-
0y 0 0000
Ve CO-mil

<UV chip + Phosphors LED Packaging>
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Al 1- (Ca,Mg)Si0sEu* JFFA| o] F+Z23% EA

1.1 (Ca,Mg)Siz0¢Eu®* @33 A el XRD £4]
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| | | | | il |!|. 1 |

Intensity(a.u)
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Epsiey

z 4 L} a 10 12

El AN Series unn. < norm. C Atom. C Erfét {1 Sigma)

[wt.3] [wt.%] [at. 5] [wt. %]
0 8 K-seriez 29.24 52.23 &4 .28 Ll i
31 14 K-series 10.89% 19.44 13,63 0.49
Mg 12 ¥K-series TR 12.05 Q.76 0.40
Ca 20 EKE-series 5,69 11.986 5.B7 022
C B K-series 2.18 Fw90 &, 40 0.57
Eu 63 L-series 0.24 0.42 0.05 0.04
Al 7% L-seriex a.00 0.00 Q.00 0. 00

Toftal: 55.5% 100.00 100.00
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Al 2& (CaMg)Si:0sEu? HF A Fstz EA
2.1 (Ca,Mg)Si;0s:Eu?" F3 A9 d3q/o7] 2gEH E4
[Z2¥ 1712 (CaMg)Si:OsEu? d#A 2 o]7] ~2dEHS =3 Aijo]

th A7 @AAE T 2¥E"S B35 350.nm Wl A F57F o
o]

vk o 71 A Futt o] 4f7-4f%5d Folel 7]l gt}

—— (1) CaMgSi,0g:Eu>* (Eu 2%) (3)

—— (2) CaMgSi,O g Eu?* (Eu 4%)

—— (3) CaMgSi,0g:Eu® " (Eu 6%)

PLE Intensity (arb.units)

200 250 300 350 400
wavelength (nm)
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(19 18]& (Ca,l\/[g)Siz‘OﬁiEllZ+ 339 400 nm= 7] # g
doln Eu”ol 9&f 450 nm ol A A @3S wolm 45 nme
(full width at half maximum)< 7}%t}.

2+(

(3) —— (1)CaMgSi5Og:Eu" (Eu 2%)

2+(

—— (2)CaMgSi,Og:Eu”" (Eu 4%)

—— (3) CaMgSinOg:Eu>* (Eu 6%)

PL Intensity (arb.units)

400 450 500 550
wavelength (nm)
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2.2 (Ca,Mg)Si:0s:Eu®" @FA 2 &% o & PL &4

—— (1) 25°C
—— (2) 50°C
——(3) 100°C
—— (4) 150°C
—— (5) 200°C

PL Intensity (arb.units)

(%)

400 450 500 550
wavelength (nm)

[2%] 19] (CaMg)SiOsEuw" FaAS] &% Z7lo] wE g ~H e

[29 19]= 400 nm=E 7] A7l (CaMg)SieOsEu?" d3Ae] 25 CTHRE 2
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i
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_0|L
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m)S Wal= Zlo]al fwss lattice vibration o] YRS =gty 18R RE 257}
s D= kA Z(full width at half maximum)- Hol = A gk

3] = (Intensity) 2] A%+ Nonradiative transition probabilityol] ]3]

¢} 7ro] vlEidiEl, o]& Eajx] &% Aol wEl 3 %(ntensity) FAE o4

[29 1915 &8 2% wWe (CaMg)SiOsEu” @ 4A e PL ~HE
o A WEA|Z(full width at half maximum)®| ¥ st& A E ™A 25T A 50 n
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—n— CaMgSi206:Eu2+
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500 BRI b 150 — [200
Temperature (°C)

PL Intensity (arb.units)
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Al 3" (Ca,Mg)Si:0¢Eu®> HFAE |83 White-LED
o &4

3.1 UV LEDE& o] £3 (Ca,Mg)Si;0s:Eu* 83 A EA
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e

A (packaging) 3 %, 33 54 Z74e Aotk A Ax7F AR
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