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SUMMARY

A blue LED chip and Y3Al;012:Ce (YAG:Ce) phosphor are currently used for
the White LED manufacturing. YAG:Ce phosphor is synthesized in a difficult
way but have high photoluminescence intensity and good stability. However,
this phosphor is protected by the patent of Nichia (Japan). Silicate-based
phosphors are being developed to replace YAG:Ce phosphor. It has lower
luminescent intensity, reliability than YAG:Ce, while is easily manufacture.
Also, it can be implemented in a variety of colors because controlling the
emission spectra can be possible with simple changes of the composition in
materials.

The synthesis of SrSi0LEu” phosphor and surface treatments discussed in
this research. SrSiOsEu®" phosphors are conventionally synthesized at high
temperature which necessarily requires the intensive energy use, leading to
high operational cost. As well, treatment time of the conventional method is
rather long, which decreases productivity. An attempt has been made to apply
nonthermal plasma discharge to the preparation of SrSi04Eu® phosphor.
Some variables such as sintering temperature, treatment time and discharge
voltage were changed to investigate their effects of plasma discharge on the
properties of the phosphor synthesized. The surface morphology was observed
by a field emission scanning electron microscope and the crystalline
structures of the synthesized phosphor were investigated with X-ray
diffraction analyzer. The luminous characteristics of the materials were
analyzed by a fluorescence spectrophotometer. As a result, synthesized
phosphor with applying discharge in the equal condition have higher
photoluminescence than the phosphor without applying voltage. Also, this
research way can decrease the temperature and the treatment time in the

conventional synthesis method.



In order to cope with the low reliability to the temperature and humidity of
the phosphor, the hydrophobic treatments on the surface of the phosphor were
carried out in the high temperature and humidity condition. The
hydrophobicity of the phosphor was measured using contact angle analyzer,
the changes on the surface was analyzed using FTIR and the emission
spectra were taken to analyze the alternations in the luminescence
characteristics. Also the morphology of the surface was observed with a
transmission electron microscope and a FE-SEM. And the phosphor-loaded
LED chips were maintained for some time with high temperature and high
humidity condition (85°C and 85 RH%). Consequently, the hydrophobic film
with a size of about 50 nm was formed on the surface of the particle. The
overall treated phosphor had high photoluminescence in the high temperature
and high humidity condition, and did not show the sharp decline of the

luminescence.
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(Thermal plasma)$} Al goz &1 g A& Zr=wvt (Nonthermal
plasma)2 FFET. 12 F=vte HAA), o), FAUAE FAAE 7IAVL
1,000720,000°C, 10072,000 m/s9] 1% AE
L7t =3 @4FE0] 49ty e
o] 714 =9 Zolx LTE Z229u} (Local thermal equilibrium)etile &

o AR SEkzube AA; oy A o] M7ITE ol FAYA T AUAERY =
Al A=, Axpel FA A Abolel dHgtAQl FHo] A O R o] Fo
A A 7] wiEol Non-LTE Z2}=v}F (Non-Local thermal equilibrium)z}il%=
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1) A} A2+ &1 7 (Field emission scanning electron microscopy, FE-SEM)
SEM< 59 Ae] w2 dapad &g uA g 59 9o FAbste], o B9
oA A= 22 AAE AEste] 34AF Hd JEE WETOoZHN AR

=]
4

Foj e o

= o

rr

oZ
o
v
oftt
o
__)‘4_11{
A
_|>i
lo
J|m
oX,
r o
H
N
10
H
N
Sh
J-i:l
oftt
=
il
i

Zsk7] 91ste] JEOL (7]=7) ARe] JSM-6701F FAF dv4d o= #agivt

o

=
A ZA7be] A RRE AT AR A ddE doA 54 et 94
(XA B A 249 A sk 9] ek WE el wet 3
Heol ZAwel [ Wge] GHAER, o] 5 o] &3t XAE ZAFoRN EF

S & F U Erh FR3A Qe oA dake] AL FEA

3=
o fwE A FLF sdolth Axd FPA Ay 2YYS 24

o~

37 flakel MAFL L Cu-Kae & A3kl Scinco (3) Abel SPD-2000 %
M2 744 WY 50 kV shel A BEEraT,

3) 83 233 F =7 (Fluorescence spectrophotometer)
Photoluminescence (PL)& Iz} AFe]o] o URA| S 54=510] 7[A| S-S HE35l=

Ade Do, o] WFNAS Tl =2 duA T EeEl] AASH

olrt

S o & gtk w3 PLEA F3A9 oY) sy WE g 2% 73S
243 5 olrh @HAS laser, Xe-lamp 52 ol83ke] of71A71W, 714 A

of Wl AAEo] oi7] FE AUt FAE QolHewA BEE YEh
Ak A We BEaxg mold PP Adeti EuE BSa=z o

e 2ETh o MEE FE/E B3 FEH 1 PR

o 4= A TollAM el 54 Hitachi (¥#) Aol F-4500 €% &
F FEAE ol&sto] 450 nme| o7] FYLS o] &sto] o] Fo Tt
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=
X,
by
N,
|\

= 7] (Contact angle analyzer)
HAEZE A2 AolA] e B4 HE u JAZH= FAAHY 72+& ofn|gt

£3) A ABAEAA Aol A 7k AEHZL AN -2LA 7k wY
o

| [} g L = R R | =
3 43 =4, Wesburn W, HAW o189 5 o2 £R7} glom [15], &

-

5) Fourier W3+ # )X £37] (Fourier transform infrared spectrometer, FTIR)
FTIR 3745 Alxdd AHds SFA7IAY FAAAA AT AFE

S F3steE BAAE| o)t AHMEH Y x=L& wavenumbers UER I, yE=&

o,

6) FAF A2} dAwu]7 (Transmission electron microscopy, TEM)

TEM2 AAAAS Ho 7 7FE8A 7|0, o] 7hEE AAAES A8 F34A
7A dd ANANNA = AAVNALS AA FFdo|) DB 2HS wFH E
Mg stel BAS e "rh Ao mATES A4 B Aol rHsda
ARkl Ao AdTxE BFste F&ottt. LEAS aHA48 AT

2% wRshy 294 H¥Ee) 2972 2 249 2, 04 AUL BRI
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SrSIOLEW” @342 syl 98 dF 22 EE SrCO; (Aldrich, 99.9%),
SiOs (Aldrich, 99.995%), Eu:0s; (Aldrich, 99.99%)NH,CI (Aldrich, 99.998%)<
Ab&st A th &Y NHLCle @33AY 33 EAS A7 v S5 =
T A4 (lux)2A AFSHAT AT+ 2242 2-x)9 SrCOs, Si0,, (x/2)
Ew0s9] vl&=2 <ds] S3tdn. £3d &8s 2472 st 7124 ball
milling 3AS AA thA] &= o], 1A1ZF &<F 100°Col A dxzHch Fvjd &
3 Ede HAYEto]AE T3 AE 10mm, =°] Smme H oz FH|EHTH
Sintering &4< %38 SrSi0s FFA o Eu’' o]o] “E 1, g 29]7]0lA
Eu’ ©]2& Eu® ol2o® Hol¥ i SpSi0; ZA lattice® Sr2+ o] 29 34

Al %35 o] SrSiOcEw? 837 A E

N
>
n9
0
It

o
r
e
oX,
ok
)
l
s
>
kit
i
3Q
id
o
fop
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1) DBD WdS o]&3F 33342 A

—r

Figure 3914 Holx ZAAH Wg7]= 3 mm T4 &Fvus ZHolEe}

Aol #y Erd d5 (100 mm X 30 mm)eZ o] Fojx] itk o] §kg-7]

rr

A7 60 mm, Z°] 1000 mm® FE Y (Myungsung Engineering Inc.,
MSTF 1500, k=) Wi-o] Eo7HA dvh. F &Frg ZdolE Afold gaAjd

Teing 43 Aole] A 8 mmolth Aol Bend 43 AC AL

8l A AFE-3F AL, Europium o9 3 HAE 98 425 FLAZE AHE3SH
A}, ol 22T} e HHFL 7F7E 400, 100 cm’min ' o]tk AEL QlvtE =
fFrABE AT g A 7] 600°Cell =
7 of thAl 2=7) 817w 600°Cel =eshs Al
= Atk Figure 40 theakdt 2ZolA 20 W=

ATH Wi L7 7l FogE HAUAE 1 (1275 ~ 1375°C)d =287 71X
18] 5°CY £x=2 75 A
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(a)

High voltage
electrode

100

N\

Alumina plate

s Ground
electrode

Sample
tablet

e
"

X

50
Figure 3. DBD Z&}=u} ¥h37] BA% (a) AW, (b) 54



Voltage (kV)

10

D I 1 1 I I I I

500 600 700 800 900 1000 1100 1200
Temperature (°C)
Figure 4. 20 Well A-gA171 17} Hste] ¥s)
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2) ofa WS o] &3 dFA L FA

Figure 5ol A& ¥k&-7]= 20 mm F719 F 7§e =2Bd 9y A=
74 °F 20 mme] &FHy FHE o]Foxn A2 dFuY FH tow 4
dEh BESTl= FE HYs gro] AAEO] 2Tt Aojdu. £dd AT &
A2 A= Abol¢] 30 mm Ao Wl Fite] FoAa, A2 AC LAY (BE

ARESEAAL, S[AA RN FA TEAE ARSI ol=2 29 4 TFRY] FR
77} 400, 100 cm’min ol Rtk Aol AI71E Aojste] wkgrlel Q7tEE A
2 40 W2 FAH A} vrg-7]o A7ty = e Waveform HE]ES Figure 7
of YEFAIL, 40 W d=He tfst A7} [}e] peak valuew= °F 1.5 kVZ LHE}

1)
s
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Powdery Raw  p1 i Tube
Material

000“0000
40900000

Electrode

4000004
44044004

AAAAAAAA

High-voltage
Power Supply
(60 Hz)

Figure 5. o} Hbd Whg7] 22w
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Temperature (°C)

1000

800 -
600 at gcl)\jo"c pl:ts rggo?cF i
400 -
200
5 1 | . , : :

0 100 200 300 400 500 600
Elapsed Time (min)

Figure 6. A|ZF} %o & HbS FA &
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Voltage (1 kV/div)

-

NS

Time (10 ms/div)

Figure 7. o}= u+$-7]o) <17}
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3) DBD W& o] &3 FFA ] A5 IW
PFAe A4 ZHE A F=vk w877 Figure 89 e 254
& 7

ATt Argong carrier gas® AFE3SEA
(Sigma-Aldrich, 98.5%)2] 712 20°Cel A 44 hPaz™, monomer= A}-§ %
Argon &3 714 T oF 4.34% A} ¥V = 20 W A€o 5 10, 15,

203 &b dspe]l 7k len, olo AREE DC A2 oF 18 kVE FH =%
o @FAe 59 5A4S #Ee] A 354, FTIR 29 E” TEM o] v A

2 SEM o|nAE ekt =gk G A
LED blup chip (35 X 28 mm, 450 nm 9ol A of 7))o =3x3F}e] (5°Ce] i
2 85% RHE ths5e] ZAolA 100 ~ 1000 AlZF HoF FA 3t #HA8=

S ge FYAS ERA GRA] FE A5E vastac
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Power
Supply

Sample

L

HMDSO

Figure 8. DBD &u}=n}
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1.DBD HHE 0|SE HE A< Sd

1) SrSiO4Eu” 3349 SEM o] 1%

Figure 9ol &% FFA S SEM o] 7] =] (50008 ®l&)7F Yoot (a)& &
Aol A+ &4, (b B4 nddddteHe=z 1375°Coll A 241 &<t 3

h=]
et F3FA| (o)-(e)v FFAANESH Zek=vt S Hrksk 3oz 7h7t
1275, 1325, 1375°Col A 1A17F st A3k d3AS Yea Ao (a)E B

FFAE Fst7]l e Ay

)
ins
Y
lly
o
=]

=2 Ho]7] Wi agglomerate
Hol| @ol Wty Eeh=nt Hd A& 49(c) YAl BluA 2 2 &
A AAF B WEstA Zbzbe] AAo]l FEEL AT ARst AV7F 2
FFA FErt 2H Zdsto]l A7) wite] =& photoluminescences WERHATH
T dEA AT [17]. T340 ndHeR F4E FFA = (bl =277 &
JAES Hola u} 1325°C ooz %7l Astd Zet=v Agld I3
Aol YA= sintering E el o3 23
o] agglomerate ©t}. (e)olA HH 2P Fwo] wiZdlil, melted downs ¢
Ao AR HQIY 1275°CelM e Fehzvh Aes FFAVE s 2
dAom A A FEHE YEH T

wi 2

=
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(a)

5.0kV X5000 WD 7.7mm 1um

5,000



50KV X500

rrrrrrr

Figure 9. DBD 4 sl sAd &3

Aol SEM olnA] : (a) AT EH,
1375°C, 2A17F, (c) 1275°C, 1AZH (d)
1325°C, 1417k, (e) 1375°C, 1A%+

(c-et= Febzr} wal sol A @A)
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2) SSiOsEu” @34 ¢] XRD 274 dlo] g
Figure 10 JCPDS (Joint Committee on Powder Diffraction Standards)el 4
2}l += a'-SrSi04 B-S1Si048] X-ray diffraction ¥ & o] t}.

s JCPDS # 39-1256
5
= lI
> " i i " il
e
..E ] JCPDS #38-0271
b WA | Y S N 7 ,
T T T T T
20 30 40 50 60 70 80

20

Figure 10. a'-SrsSiOs (#39-1256), B-SreSi0s (#38-0271)
27 <] JCPDS 3

ged A A B9 B4E FRAE Pzl 5w e dFe deA
ottt ZE=vl HEH AlEES a'-SrSi0y, B-SrSiOe] oz FAE o 3l
i, BSrSioel el o Mgk Ae AR FAAE W, B-SnSi0el

diffraction peak 717} Ax Z=7tg 1, %9 Ao wEtAE A FHoh

2 Wol2 ol ttda 3k} [18].
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(a)

122 1:a'- phase , 2 : B- phase

JL_.J_ﬁL_J_M ; i PR S

| |
_J.u__hlx_u 5 'WM

(b)

1:a'-phase,2:p- phase]i

I IH Oh
T T WRPWS 1T STNPY [N LU LPT C R |
.—J—J...n,,_l.‘JL,_,_ﬂ_n'l_,_,...\-_u T R A E i oh
precursors
20 30 40 50 &0 70 80 20 30 50 60 70 80
28 20
(c) (d)
2 1:a'-phase,2: p- phase 32 1:a'-phase,2: p- phase
1 12
1 1
2 ; 2 2h 2 J‘ 1 3 2 2h

20 3o 40 50 60 70 B0
20

20 30

50 &0 ] BO
28

Figure 11. DBD W= sloll A A E 3= 1]9] XRD sl

(a) d7=43 1375°CE 449 &
(b)-(d) &eh=rt ¥ shellM 4 %
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3) SrSiOsEu” 834 9] photoluminescence 2% E &

ddE FFAe photoluminescence W ~FHEH

o} Figure 12, 139] (a)= Ared ¥ 7|Ee] a4 (1375°C, 2 hez 34

¥ FBAE WEdaL, Figure 12, 139 (b)-(d)= Eeh=vk Wdo] 7k &4

o7 Zhzk 1275, 1325°Col A &89 FFA e FAHAEYR S Uedt, 29 E

< 480914 680 nme] WS W ddS vEda loen, o5 450 nm
=

=2
1=
ol o
il
&

. Figure 13& BEWH 714 =2 W33 A7E
AT 1325°Cel Al 1, 2A13F &< F48 3
Aol Ae 517 nm G BoA slze] wow d4w FuAe] Ao
Zb7b ok 12, 1.01%2] a4o] glLo] AT e ex9k Ay ARe 9
SN Z2EE ANE a3, o 5 2xox AgE 9 sintering EIE
Qe G2 YA fluctuationo] AT Yu 5-& Eu” o]o] {4 Eu® o]
o7 FYuo], FUE79 e 2% X Eu” o]2o] SpSi0e ol A
7

Fol Brh 94 Eu¥ ol W FHS FAsel § we 9

Y
L
n
Jhu
>
~
~
ot
oz
%)
32
¥
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(a) conventional synthesis for 2 h
{b) nonthermal plasma for 0 h
——— (c) nonthermal plasma for1 h
— — (d) nonthermal plasma for 2 h

PL Intensity (arb.units)

T T

500 550 600 650

Wavelength (nm)
Figure 12. DBD W3 stoll A §d= Al &g =
e ¢ () 712 BHoR F4E FFA, b))
Sofzul WA sl A 1275°C2 F4dE FFA(0-2 h)

(a) conventional synthesis for 2 h
------ (b) nonthermal plasma for 0 h
\ ——— (c) nonthermal plasma for 1 h
“\ — — (d) nonthermal plasma for 2 h

PL Intensity (arb.units)

5[IJU 550 B[.JU 6;)0
Wavelength (nm)
Figure 13. DBD W4 slol| A A E PP g ~
HEY : (a) 7]F WHor FAE FFA, (b)-(d)
Zeb=nl WA shell Al 1325°CE 34 % & FA(0-2 h)

_35_



Atk s E el

olgfel = FHA) A wvio] WaA molt wl, AT BA Axe wHL

, A @dAol= minor Ao AT &=

)
ftlo
Fel

Figure 14. o}= W s} 800°C, 2A17F &<t
49 YA SEM o]v]A)
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2) SSiOsEu” @34 ¢] XRD =4 dlolg
Figure 15% 312 g Wol ofa W& F7hek #7449 800°ColA 172 Azt &
b stAd® FFAe] XRD Y-S YEbdTh Figure 99 Y a'-SrSi0s B
-SrpSi049] T Y v AEtH SrSi0s A2 SrCOs9b Si0.] A3 A<l

rz
oo

of W& AAS & F vk [20]. FHE FFAE o' -SrSi0s, B-SrSiOs7F EA)
Hoj o, Ay AlZke] FHA B 1, 2AF ¢ HEd PFA = v =g
HEHS Hola gt} o]& o] AE Bt A EZo] F AAFHASS T AIh
T3 BEF] FFA P REHU B 2RoA R ZTEzvt Ayt FrhE ¥
A e SrSIOLEL” F3A7F Audoz FAHES o4 F 9t Otorbaev %

de v B oy} FFA (53],

24 o) gk WS F4 EAHe] 7S =ERITa sdv [211

Intensity (arb.units)

i
i

[
o]
i
L]
e
—
[ag]
L]
[y ]
]

70

Figure 15. of= W sloll A A4 FdAe XRD &
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3) SrSiOLEW* 83332 photoluminescence 2= E &
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