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Abstract

The functionalization of phosphor surfaces using an atmospheric pressure
dielectric barrier discharge plasma with hexamethyldisiloxane (HMDSO) and
HMDSO/toluene mixtures as precursors and argon as a carrier gas was
investigated for the preparation of hydrophobic coating of silicate yellow
phosphor powder in the form of divalent europium-activated strontium
orthosilicate (Sr:SiO4Eu®’). After the plasma treatment, the lattice structure of
the orthosilicate was not altered as conformed by an X-ray diffractometer
(XRD). Optimal conditions for the plasma treatment were determined on the
basis of the data obtained from scanning electron microscopy (SEM),
transmission electron microscopy (TEM), fluorescence spectrophotometry (FL)
and contact angle analysis (CAA). The CAA showed that the water contact
angle increased from 21.3° to 139.5° (max 148.7°) and the glycerol contact
angle from 55.5° to 143.5° (max 145.3°) as a result of the hydrophobic coating,
which indicated that a hydrophobic layer was successfully formed on its
surface. Further surface characterizations were carried out by Fourier
transform infrared spectroscopy (FTIR) and X-ray photoelectron spectrometry
(XPS), which also showed the formation of hydrophobic coating layer. The
phosphor coated with HMDSO exhibited photoluminescence enhancement up
to 7.8%. The SEM and TEM images of the phosphor powder revealed that
the plasma coating led to a morphological change from grain-like structure to
smooth surface with 31~46 nm thick hydrophobic layer. The light emitting
diode (3528 1 chip LED) fabricated with the coated phosphor showed a
substantial enhancement in the reliability under a special test condition at
85°C and 85% relative humidity for 1,000 h (85/85 testing). The results
suggest that the DBD plasma treatment for the preparation of hydrophobic
coating can be a viable method to improve the reliability of commercial

phosphor.
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WA FL2 71EY B &AA o] &HE FEAT, HHHE, 2, Jt=
BSS AMEHA ol 1A A Fdd B oy HAuda AHGAA T
T8 & e TFAAo T3} g2 TFA o] vt o] An, AHjAH
, SEHEEI wan, YsFAo| ok, 2FAFsI T Aol
At o7 Wrxx 39S LED (light emitting diode) &3 3, o] =

ZAZ " "golex9 dFoitt. Ayt A7 2y AR
239 wa a4 e doz Jedt &, LEDE ¥ 5
A& 7HAH, 712H oz e LEDZE @43 woe d 4 gich 19909
T FA LEDY 48382 olF or|Fder o]§st= WA LED7F /AEH A
ok @A, tastEA AEE ERAHQ PHoR2A HA LED Chipoll 2334
Z YAG (Y3Al012Ce™) U silicate (SrsSiOsEu”) FFAE ALg3te 4He F

I

® o]&3stal gtk LEDS Aed ol oA g Fg4 Ao Wi¢ T2
s7] WEol FFAY A=, aEA, AABAE, WA T FFAY 2EeH FES

Adste 7% 75 v FFA = LEDER ofvzl, distd FHEA
x|, WEtolE FR (back light unit; BLU)A = AM&-EHw FFA A|GS 4
of AFAE AAXNZS FESIL Ae AL L2AFEAAY 7]Eo] Holu)

Tolth. d&oly m=e FAo i A=t w2 AF, 7 AE R BA
BAo] F FFE MAHALE qAEE LED &4 A7 7Hed %59 F3A
AL v F28H, 714 e AL AA 8 2 FE e ATE
Z8 2 . LEDY Aol #4728 e dAANM T3 A0 19
&, A8, A A 2718 RAY AALE st WEA dosiy. g
Zo AAZIgol HoAUAR, A= 2A7Ies FESA XddE AA9
LED A 55<& wWehd & 1& Aotk wahA LEDS LA T IdFA=
, 545 FINTIERC] E AR Fobdu(E, 2010).

I FAME AFY FFRA AeE Heohe AFYL AFo=2NY dHES
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ZHABtE F2 EAoln AL o= & BEd FHE Aol ojlg RE F

Al EA FFA AHAG TRV FPH R T8 olF st dA A
SHe FFAE 2oy FHTY SAd AV deEE O AR &5

Fo] mAHD Qom, olE A FEEY WYL FARE $UNREOR
2 =A%D U, 012). @ AZ/FARoANE 12 FHA AEY

=9 FFA dAAA ol &E = A
(solvothermal)& ©]&3std Yx==719 R =22 FAHE
A& o] &std AFFEE dF AN F d' FHL doeu vy &F
dolut A4 ol ¢t ol oA EAZE UM T, 2012). FFA S =27
2 A A, FARI7IEF 718 a3 2A YA AFFEI (quantfinement
effect)ell &3] A71€ HAA-AF B AYE 2o LR IF AZFEE F
NP EEFHE T2 F g3, ZAS E4AY AF5FdF HAHo F
7hete] IR AstATte] FEFE FOEN FAEES FoSH F USHALE 7]
3t Y=g FAE 83 Ak @ FFA ] ZHMNARFAA = 27]4 3

;

2340l RuFJqHKim 5, 2006). o813 = 54 #AAINE HEF)Y)
-5 6 SH(passivation) H&=Z FFA| EHo| 48F S IR BIEdH
= 477 JAFHA ey ¥ -] o ¥ W oY A&ddA F



Arsteto g Qs FFANA TFse e FTo IS
e YA wEtA FFA FWHo IV HE AsEte] A7dd FAL T
dol Ta% AAZE HAAH. olA"E FFA EF AFor AAH o|Fd FH
A (sol-gel process), 3t

o,
o

N
B
>
N
rir
[ﬂl‘

e

o2 g BEA4S ds A F e Ve

%2 (chemical vapor deposition), A% 52 (atomic layer deposition),
Zgt=v} T4 (plasma process) 5 B2 4254 I®E HHE 434 AY. &
-AWME o] &3t ZnS:CuCl FHA $el SiOxBredol # Dieckhoff, 2010; Do
%, 2001; Han &, 2007; Yuan &, 2007; Yuan &, 2008), TiO:(Han %, 2005;
Kim &, 2008, Yuan &, 2007; Yang 5, 2008), In:Os(Kominami &, 1997) &
FY3te A77F APHAL, BAM FFA fde= MgOKim 5, 2011),
Y2SiOs(Teng &, 2006008 ZWE3 A7 EaHAT o3 AFAHAE 53
Hegto 2 xo] &2 A7t I” e ddAo] doAXAY A=A 4ksHo]
SHEHO Ik EAHY HAE xS ol EAME WA AT U
oz AT FAE XFE3eE FEYHA Y9AF FF (Atomic Layer
Deposition; ALD)H o] o] &5} o] 3 cycle & 2 A 59 ¥ FHEERE

Aste] A S840l Y5 T FARE AAe] s

—

4 F ' YHeZAJo T, 2008 Lee 5, 2008, Topala 5, 2009; Wolter 5,
2009), AF71A FFY Eeh=vt @5 T 3 EeAy, B3I 54, Fo 7
ot 22 54 4dE0 4A =42 4 3t FHo] AHRauscher F, 2010).
Zgtzrte o], Af HUZI e W FAAFA A& 7€ Lyl v
Y 92 2x9 FHAA wEE dod F goH, ofd W whgAgL
Zehznl AEol e THT ot ALEHE dREY Eg=v IAL #G
THE YAE Alolo] FuAA FEo] oF FH BAE FIsy] HE

AR 7leol™ AALA Z7le2A AR vt HAZ *2 549 #7]
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a3 (eq. HMDSO; hexamethyldisiloxane)E E3] Q3 HoE A

ol
T4 2 xAFA EHY g9 FHId diEd d+(Cho F, 2007

o, W AFHS HWo FHLHYE 7Eold (Rauscher 5, 2010).

7 v go] Aoz o Basy] frd Y¢ Bgzvt EE o8 A
Pyl Bk fsh 3¢ Fdzet 71E FAME PECVD 34 ATFsE
ATAEL FGNA] AL FA=vtE Agetel BUH AT/ ARHAJTHA,
2009; Bour %, 2008; Kakiuchi &, 2012; Kim %, 2008; Petit-Etienne %, 2007).
971 Fezve AFEGEGAA 8 TFHE AT Ba U] B 3
Migre] HUAOR Au, AFEEDUSE Atk wepd A2 oA P o
NG Bzt o T gom B d7E EHzng o
8 2R JuY 44 BAAY Jed] B Ro2A FgsE A

% %

FAE Bl FYATINA Sk 254 2T FAA
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COolEH W R ARAT

A& 7L Aok =g SrsdRiel] o mpoja
&= (voids)d ZAE ZHSIAHL o]g T2 A AstAIIE 20
"o}t F71 8 E AESHR] g IHEZDS 12 £8 (hot-mel)NA ZYE
H
A3e A Zoh ® UE wlolmE FY WHEOZE gpray chilling ¥, FEE =
H (fluidized bed coating), 94 ¥& A 3% (centrifugal extrusion), 44
AW (coacervation), & 243 (co-crystallization) 5°] U+Ed, o] FTHEL
s QAATIAY BAANZA F 7] Wil ANEAEAY AHES FsjoF 3
i, @¥oz URE EEY AMEE o dn. HZLo e mpolaz Y W
Hoz ZYAFA TAHE ol&Hed 2UARA Jled FE&9 4 ZH
FR=HdE 2UA COl &alA7IE BA - A ©A
g COE WlEA7| 28 E dAES st v /A dA=
"doh. 2= COb 244 BHZRE AR WstE o 243t 28E3
o] &= WtE o FAd BAHY de dAES ZYIE RS AEs
o, A dHedA 2= 2 dHE mE AT HEA Lol FHL
2012).
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2. gEH M =Y

A AHEHI e FFAE &AM aTFEHE A o 58, HBA,
ek, 34 59 SN HHstHo AFEHIL don HEEok me 2~15
um =719 AA o] AMgHET. @A TEDE % o/hA FEE A, A
€2 Aoz AFHAT A @Y F FHE H A LEDS &4 FFA <
ol g WA LED7F & o]F3 . @A ol&HE WA LED v+&8 WHe
Figure 13 Zo] eIt ¢4 FH o WHoe=E HM LED Il 3% =

rate] WAlS A Wi UV LED o Al A9 dBAE ol &t
W, Al 7He] LED S A2 28ste] #iAle de v 71 BHe= dxd
T2 & At (Figure 1).
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FAA o FFAAHL dquUA FFe de o gEelgE gy FAd
o8 dojuA Hi, FFAY &2 FFANA Vo BF I FFA
o FFHE 971%9 AT HE JEde dAEEH 971FY o<
BFFo] JuUAEZ JElE dux 282 TdAHY SAHeR FBAE
3h, MAE olF, = #I sfHol Fed AoRF IHA vk FFAL
FED, PDP, LED®} Z2 tl2Zdo] 5 FLAZAN ¢33 EAHE 27 43
ME A7k F3A B8 Aol ARSETHE, 2012). FFA Y FHEANYE

e olfE O ¥3A EH RIE 53 LF A #A, @ ¢} 28 FY
S A% B9 A, @ AFLE LED 5o AAFsAY FFHo2 AxA 24
A3 =X 3, @ contrast FFE A R FF T& FHOE gt m
A FRA BYW A Ve FdstEe BHH FFAY & doo ot
BHge] FiRe FEayyo] ZHRRo o& B9 IF3EA FFAE= FEH G
53t B(S)e] s HE Aol UM gGA BEAHS AT BHE FFA
Bty Fio] g SR FFo] BUd BW Fio] A WA Hy =Hw
A n¥FstEn Z”o] HA ¥ FAA AS Fo] A HYPH= A
A, & CaS + HiO — Ca0 + HxS T ol 93 CaO9] AL FFA HFEALS
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Eolv FEFF S A2 F3rL (HS)= LED Holl FJAE &3t
, 4-& ¥ALEtE GRALY] REF FFA Y nZS 98 dofA e AU 4
< AL AFRFoE HE E4EA v 2 AT o] &HoR 4

EA P32 (BaSnSiOsEW & 34318 A4z mola ddggol EXLL

Al T3], 2012). o1& EAHE AHAsr] st LA LED & F3A

o thate] gGdxe AF7t o]FojXa glon FHAHd o]gHoXE EHAL
O 3teta Wsle] st FFAE s & F Yoo dn @ 7HAFA G99
FHRETE Fotok 3 Q@ A7l i FHETF wotof dtn @ A A

o JlAol s 59 EXo] 2 TFHTHE, 2010).



e BEAS g4A 2FHA Xohe A4S dristy dutd oz S4HS

de 32 91 9 91(Ehk; anti-icing) WX 59 th¥g Eof
= ™ 3 ™ (Chandler, 2005; Nakajima %, 1999;
IUPAC, 1997). &% o]glg 542 txZd o], Y AR, 94 HAILtEY, A
2 AZ9 #8, 27 T gutzoz zdgy EAo] Rojd B9 mydod
Hoz #&3 #yolth(Bhushan

3} Jung, 2011; Ganesh %, 2011; Wisdom %, 2013). &F4 &
Ae ddadeta B 1A 399 7|88 Fx¢ W oA o &St

=
Zme HA7|HAME o= 31324 (top-down)e] @Ay 7)&(Capella ¢
Bonaccurso, 2007, Furstner %, 2005, Martines %, 2005, Shiu &, 2004), A}3 4]
Z}3 A (photolithography) (Barbieri, L %, 2007, Furstner %, 2005, Luo %,
2010; Zhu %, 2005), X9 o)A 7]% (etching) (Martiness %, 2005 Qian ¥}
Shen, 2005; Xu &, 2005; Xiu &, 2008) Sol &#HA ek A iy 7]

$3 AAAABPEL e BA 4§ AsRAT 3P AAL =) Fo)

=0e @de 7 JloH, B8 A7 e AL wEXT 35y 2 Fol
2T ¢ 3 ZAFg=E Fol7] JEve @S 7M. A (Bhushan #

Jung, 2011). 4324 (bottom-up)l2+& 3}stA w4 (chemical vapor

deposition; CVD) (Asatekin ¥} Gleason, 2004; Ma %, 2005, Reddy %, 2007)



FRA A AS o] &3 HFW (layer-by-layer) (Bushan %, 2008; Bushan 5,
2009; Yoon &, 20113 A7t Yx/mlolaz YA B FRo|=9 AUt £
(colloidal selfassembly) (Ellinas %, 2011; Horiuchi 5, 2011; Liu &, 2007) 5=
E T Ut 334 gy e 077 A HEAE A" 52 2E7
L7HY, FHY FHE A} FETE dH1 S AL JoH, HAFHA ZF
Bol=9 AZIEHLS UF7] 41 ¥ &9 A EI7bestA R 34 A o
gy B3 348 282 e dHS 7HA 32 vk (Bhushan 3 Jung, 2011).

r

7)€} surface texturing (Wang %, 2009), electrospraying (Burkarter %, 2007;
Jaworek 3, 2008), sandblasting(Guo &, 2007)5°] WY AFA A A&
o
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24. EHO|LX]|

BAEe BA 4544 e U Had snA std o P&
waAole sd, Bdo] XL UAE EHAUAGT Ao} AZ TE A

S ol &% HEH FHS Tl oW HolHE 7xE ZHAUAE ALt

31, Al¢k(probe liquid)®] HOIHE Fstol FHS IR HSAHZY 7oxEE
AT +# Jon ddigtez dMsted F4 qUR 2FEYHS T WY g
FHQ BXE Ad5T & AU

O ZHAY A2 EFE 7 8l F 749 BAdd = 4 o8 284
S H&2E FFstuA ste Po] EAst= o 9= WA Ho|F I dH 2
ojd Fo 2 FAINAY AF EW oA (free surface energy) X ¥ ©9 WA
e Z7|2% yeEkY

dW, =~ dA (1)

EWEE (surface tension) y& EHE ToHARF F7HA7I=d 2od 4V

@ A &9 ANUA (free surface energy) @ AA W] e EAEL A
A o] #HEste] EAZEAl @9 HIFE olE0 IY AwRERELC e o
BAEL g FoMut ExelE e wonz o EFyoe] A o] £

==
S O|AAN AA EAES AFEUZA AL EY 3 98 A% ¥ oy

dG=— ST+ VAP + ~dA+ udn (2)

A4 ERAUAE LA A 7HAE Al(system)d & AHFAUHUA GolH,

DA L=} Gl EARES FANTGE AGH de AFolok s, 1
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of metA A AFAUA I FrHeh o] Ze] Az AFAUAE HEF At
g4 dyx”, & gdFHolgx 3= Aotk = T, P, n=const & o, t& 4
A8 JeElE 4 9t

dG = ~dA (3)

(aG
’y:

A (4)

P, Tin
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AztE o xHe F4, 23
A E g 24 Wie] T8
A/aad BHY EAS #dste o 7P 71EAHQ] SAWHOEA FEH
2 mis ENES FHo "Hojmd ¥ (sessile drop method) #3stH oz FHIG
Egol olF+= 7y, vy (liding) A% 55 A3 Z¥Y AH/53F
FAEAHA EAS 0E F Atk FAS5ZolF dA7F 1A EW oA EgTH o
2 JYS olF WY s ognjsty, 1A EHY HIFA (wettability)S e
e HE2ZA 323 (sessile)d %24 93] FHAH(Figure 2). 34|

A%, guAe 1

o]

lo
Ay
ot
rlo
o

I EE9 ZHE
H

ARE2e Qudon RAeH 4L A9 A8HIADL, F= AL =F
(sessile drop) W& o18ste] SAHY o WHe A EAUAL A
ZHoldxe] 548 24 ASHE PHolt o8 Fa WAL B @
H7 BHlUA, $EEY, 5T 437 2 AAe) FRAUNE Axst
GuE7t gom, ol olgste] nA AR EHUAE Adsttd o8
S ok Aolt mAS e RE EucdA: dEden ved wo &
& o]

22 35S LS e Tlelel o

o
-~

“

og= ohtok (5)

o= af—!—af (6)
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Figure 2. Contact angle measurement using a contact angle goniometer.
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o nAS & A qURolm, ole} ol Zt7t mAY EHAUA Y B 2

34 THes0lH 0L A WA FRFU/EANIA T, oFS} of B
49 B4 2 34 FALLY,
4gste A A7 AA-AA, DA-AA, TA-FA FE 27 S

A= MHZ AdAUAE YeEtlA Hew oldd #AS HEetA st A
A2 o] Young® ®WAA oW Young® WAA-S H¥(smooth)dti THsH ®
FEHA &g ol FHAAA FEE Aoz, e AdAE JAPEFLAE e
H(Figure 3). 284 AA FdHoA= EWA AA7|(surface roughness), &
(swelling) @74, nAEAY 383 EddA f&o s ol HEZ4E e
WA Hm F22 U Syl wel ofzte] ez
(= 27} A

Fl
E
m-[o
o
)
A
ke
tr
Ay
o
N
[l

2.5.2. Young's equation

34 ¥wWe a@Tx o3 AR o] W T RN YIS FAL I
Hate Bl dehit Bdd 2e4e Fach meb gud 74 A
34 KW 29g WAt

B3ty st oE ddd AE5HA BH (o]

| P =gded, 7A, A
A, A2 349 AAAN M 4 ()2l #A (Young's equation)7} A AT}
(Figure 3).

Vst Ypacosd— vyg= 0 (7)

A7IM 0= SAE B L BAIFA, ew ZNA-2A ARD AR, e 0

—_—

m 2w ge AAe W AuA, 4 ZHnA e AW xwe EHd

i
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YLS Solid

Figure 3. Ideal solid space surface described by Young’'s equation.

_16_



2.5.3. Owens—-Wendt Surface Energy Calculation

Owens-Wendt A2 HE7Z SAHoA EH A AUAE FAHsI=
E Y styold.
Owens-Wendte] 23 24<l VSL:’VSJF’VLG—Q\/(ﬁ'ny) +2\/(%’yw) Young 9]

WA vt ye0sf— 5= 0 (A7) NY3HE,

a2
)
ok
i

(1 + cos@) o= 2vV(E72) +2v(Verre) ®)
& 9¢ % ATk De TAS AA Aol AIAAFA, AFA-FEATA,
27T B B4 (FHAE PE 34 AETe BAS Uepan. 3, Le

FHAIAY B 3 (Lifshitz—Van der Walls), 14+ EHAUAY FA 3
(Lewis acid-base)o|™ ~4= 5+ 5 olth.

Owens-Wendt ©]82 ZHAUAE &4 Z5ZE& 93 ZHAUR S} F49
A Agol o3 FHAUAR FEFT o] oL ;A& A9 FH U]
3 HEZr AWHzie] #AS th3 Young ©|EF, FHAUYX Y FALAQ

s
P

v
S
o

>,
o
[P
-+

2,

G
FH HEZd wg FEE £ dEd, 90° o
AFAdoE AJYsta .
BAE Zismand F4 cosd = 1 + bly.—7,)E

o}m m
12
M
o
oX.
o &
Bl
)
=2
£
N,
fo

3 ¢ 4 AJH(Shafrin #
Zisman, 1960). 7., v,© ZZ HZEH(substrate)d] AA FEHol A<} A A9
EHANURAE e be 2845 °th Good Van Oss model t&3 Zd
Y%= Wt 2V (9)
1+ cosO)v,= 2vVED) + V0iz) + vis) (10)

o

A71NE T4 84E ARFgstd WYX F AR HEFE 49 G4
o F5AE v 22 Yeuder FAE AdA= HL Al F7F9 Al (probe
liquid)& €82 g,
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N
o))
40
rx
=
0
JE
oE
rx
Mk

2f=0} (Dielectric-barrier discharge plasma)

9 oA gi7|gel A Zg €984 vgy SgRutd @2 JhA
g 71X AC WHE ol&de PHE F2 o]&HT o= 3 B9 =H
A Al (dielectric materials; BAA)E 719 ¥ 7+, F749

>
ok
S
=
["_.u

3 Tt ZsuiAolA DBD B|E&Ee2utE AT

o H]383& (non-equilibrium), 9<% (quasi—continuous) 3%} o]#t= DBDY =
55 232 e &8 HAe JxdA T o] gHAXY. wAS ] HH =
T %02 ol§ 7153, DBD ¢ AP A< wix+= v 1™ (Figures 4 and
5)% Zr.

DBDE F71A] &8 2= (Kogelschatz, 2002)2 A& 4+ glom Hygzel @
AL FAAZ A5 ZHA EAEE B2 mlo]A=

2
gt E 2= (filamentary mode)Zti E8e R =0y, FHA &

iy

AF 229 4AdF FAEH g71g 2% HA RS (atmospheric pressure
glow discharge mode)8t1 = &8 A v ¥ 22U A E= (homogenous
glow discharge mode)olt}. ©]gls DBD 7|€< =8¢ FAHS 711 99
o] 531 o™ (El Dakrouri, 2002; Kogelschatz, 1987, Kogelschatz, 1990;
Kogelschatz %, 1999; Wagner 5, 2003; Xu, 2001), ©+2 "ol w|s DBD %
Aol FHLE tiristeA HEES=eE vud dstA Z AFE ALY

e & e 484 7tede MR e it (Nehra 5, 2010).

a

R



EHIQh Voltage-.; High Voltage
AC Dielectric AC AC
@ @ @ Dielectric
Dielectric

— — @Grounded Electrode—

Figure 4. Planar DBD electrode arrangements.

AC

Dielectric
— — @Grounded Electrode —

Figure 5. Cylindrical DBD electrode arrangements.
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31 AET|=

E ATl o438 SpSiOsEt” £ BEAE (Forced)A ARHT e 44
AEAFHS: PASGFDoIth. YE#47] (Particle Size Analyzer; S3500,
Microtrac Inc.)2 43 A3 (Figure 7) 424~3755 um® YEEFZE Holy,
488~14.81 um 9 YATE 80% o)de AATE de AFoltt. AFH I”WS
93 ATEZRL "UE FYEoRA d7 AFEEHI E hexamethyldisiloxane
(HMDSO; CgHi1s0Siz; molar mass 162.38 g/mol) 3 toluene (C¢HsCHs; molar
mass 92.14 g/mol)&A] Sigma-Aldrich A} AEEL A&3¥ . HMDSO £+
toluene £ A EEZA W72 of2 o] EIAA ZP=nl HEIIR FY
HA
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1 - Size(um) %Tile
f 4.88 10.0
Ch \ 6.19 20.0
f x 751 30.0
- 8.64 40.0
o~ 6- f 9.65 50.0
- \ 10.63 60.0
i 11.69 70.0
12.93 80.0
14.81 90.0

2 3755 100.0

5 | 10 15 20 25 30 35 40
size (um)

Figure 6. Particle size distribution of the phosphor investigated.
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Table 1. Physical properties of HMDSO

HMDSO (hexmamethyldisiloxane)
vapor density >1 (vs air)
grade puriss.
assay >98.5% (GC)
refractive index n20/D 1.377 (lit.)
bp 101 °C (lit.)
mp —59 °C (lit.)
density 0.764 g/mL at 20 °C (lit.)
H4C CHa
__-Si Si-__
HiC- / \ “CH;
H3C CHs;
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Table 2. Physical properties of toluene

Toluene

grade anhydrous

vapor density 3.2 (vs air)

22 mmHg (20 °C)

vapor pressure
26 mmHg (25 °C)

assay 99.8%
autoignition temp. 997 °F
expl. lim. 7 %

<0.001% water

impurities
<0.005% water (100 mL pkg)
evapn. residue <0.0005%
refractive index n/D 1.496 (lit.)
bp 110-111 °C (lit.)
mp -93 °C (lit.)
density 0.865 g/mL at 25 °C (lit.)

CHs;
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DBD ¥&71¢ ZFH 5 el e 729 TS A gl on,
deg oz A3t CAD & (Figure 8)8 AX Z ZtEEIZ AA% A
S (PTFE; polytera fluorothylene;, Teflon, PE; polyethylene, MC;, mono cast
nylon, bakelite )& A#A3se] DBD <7 Mg 7]|B 27 92 23 o)A
(spacer), # (cap), 2Z&EF & (sprocket wheel) 5 AY 7}Fstg o, 30
mmx30 mm ¢FvE Z23d (profile)= 7H&ste] B2 AFE AARE &
o BEA A ARstL, AFE 10 mm FAY olZEHOE REW
g At AFAZ ol &HoIXE HMDSO/toluene 52 4FA
Adol A7l AFE 2 mm F7 (1)9] ¢ko]of WA= w3e vk (Figure 9).
718 FAALeZ AREE 4 FH, A=IAYol AR AEd Hﬂoﬁ%, A8 F
, Sgk2Y AQQ B EHE, Slide-AC (A& 2 kVA, BZA2x AF/: 83 A,
g 2gtolg2) & YEAX (DKKD-18, 18000 V &, 2xdF: 20 mA,
€ 150 VA, D. K. A7))5& &x°] 2F3o] F&, 7H4stAnh

o
o
=
.
_)‘4_1‘

ol
o
2
IS
123
lo,

4
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Figure 8. Front view (a) and top view (b) of the plasma reactor.
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Figure 9. Photograph of the reactor setup.
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DBD Ztzvl w8718 ¥3¢ FAA 39 A¥AA +4L Figure 107
2. AAFez ZdHE Fx9 DBD wgriE dAHY FFA 2 (10g)°l
¥9 glen, o}22g 20 L'min" ¢ %22 MFC (mass flow controller)&
o] g3ty HstH o] 7tAEA o] &AL, HMDSO 2 EFde 4go=
A &7 gAA dow, fEirle A FUIYe FAY] A F=2
+Z(DTRC-620, JEIO TECH, Korea) Wl AxaAtt. 88719 uvieel @A
A s AZI# (diffusen)S T3t PAZIZE FEER k=2 (A Tt&)o] %
<3 HMDSOZ 35 =% 31, 20°C, 15°C 5 E3}57E o83t 7

ArE ol HMDSO® &8 43% (v/v), 329% (v/v) ©o|t}. o]t TiEo
HMDSO/EF49 &3 E37|Ae 242 1 L'min '22 79 o2& 3Fa8S

o] &3t 15°C oA ZZt EFAA EFFHRH EF7I¢E o] &3t ALH
oJx & (total 2 L'min™") 374 F HMDSO9 &#H& 165% (v/v), EFd
o] %=  (toluene vapor pressure = logiy PmmHg = 695464 -
(1344.8/(T(°C)+219.482)); Dean, 1999)2 1.09% (v/v)2 FTF3e W& o] &3}
At =, A A o2 HMDSO tislte] 37HA] ZB7tE 271& M5 E o] §31 %
ool HEo] AYE £As 15 W, 20 W, 25 WE HFE ol&3stg o, o
£ 10 min 9 HH 22 A7 8o mE AFZAFAE AT

FFA Y AFF HEE FAdstr] HAst] FFA 22 dAFY] 2EE 4
TR X7 (particle size analyzer, S3500, Microtrac Inc.)& o] &8t A3t
&3¢9 F3 (photoluminescence, PL) EA L d 32 FF A (fluorescence
spectrophotometer, F-4500 2 F-7000, Hitachi)& ©]&3}4 500~700 nm <= 99l
A ZAEJ L, A7) Fde] 32 FA(blue) FH<Q 450 nmA . Z®W AF
FFAY 20 7= HEE ARV f3to AANEE FAAA dv]F (field
ol-gstie, &

W OAR Byoes duyx BAE X-A ®37] (energy dispersive X-ray

|

emission scanning electron microscope, JSM-6701F, JEOL)<

spectrophotometer, EDS, X-MAX, Oxford instrument)”} ©]-& % it}.
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AC 220V
(60Hz)

|

Slide AC

D Power meter

Ar

Ar

) R "

transformer

Neon

Toluene, HMDSO

Digital
oscilloscope

DB'D‘reactor

/L'] Fig.12

Figure 10. Schematic of the experimental apparatus.
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7] (contact angle analyzer,
Phoenix 300, SEO)oll 93] #4HAth. 229 P& T3t o] FAz &8§7]
WHItE #Qsr] fste FEo M@ AW EFFEA (Fourier transform
infrared spectrophotometer, FTIR, IR Prestige-21, Shimadzu) % X-4 ##H=x}
®37] (X-ray photoelectron spectrometer, XPS, ESCALAB 250 XPS System,
Thermo Fisher Scientific)E ©] €891 Y 29 F7 SHd e FHAAHY]
7 (transmission electron microscope, TEM, JEM-2000 FX-II, JEOL)S ©}& 3}
R AFAHoR IYHE FFA EEY W74 2 AN T AEE o]
93t A9 ‘packaging’ °ojEt E#¥E WHo=E CTLAFY 3528 71X (35
mmx2.8 mmx1.9 mm; 23FHYG: 4525 nm 25 nm) 1 F (chip)ol]l FFAE A
48ty LED (20 mA, 3 V) AT F I EAS LEOS (OPI-100,
WITHLIGHT Co., Korea)oll st} 543 tH(Figure 17). LEOS & dWhHe
2 YAREES SHsed o€ ¥, Quantum efficiency () @2 A (ADNE +&

(1D

POZF BE 2dEdola, E()E 7] 2FEdo|H, R(\)2 HiAbg A2FEY
olt}.

A& BAAZE DOW CORNINGAHS] OE-6630 (AB=14; Zd&: 153)<
olg&stgdon, FFA H /MLL 111 wt% (FFA/OE-6630 HE: 1/8)% 1,
85°Ce} 85% Atis= @744 100 h E2 Hd) 1,000 h T+ HAF (85-85 test)
2 AAET 85°C ¢ 85% AUHF=(RH) A9 B2E (85-85 test) &
AdEE FFAY A3 Hotd ALHE 2 F9 ot
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Figure 11. Phosphor mounted on 3528 PKG 1 chip of CTL LED.

_30_



9,
It
i
X
R
!
o,
-
e
i,
rlol
o
N
2

lr
i)
rulm
mlo
X
-ﬁ_!l
[
o,
e
vy
[>
>
v}
My
lo,
-
o4

3 AFe Ague sted FolA 7 A% Fr2 AE
3 BAel Agn SolA FHAS Farzvh G ot YNHES DAEIE

NEE 9ISt Mgy F WA E FEAel TAA o, Y-z I
= D wg719 fFaZo] (FE4de] AAA Ue F
gzurt A HE FE)E 9F 106 mmelth. DBD w3719 HAAS= Y- ¥
AZEH g8 nAYH FSstn Jow, dHdAFIAN= 165~215 kV (peak
value; AFX)9 LFAAYG (F3: 60 Hz)ol A7MEHAT. E7F 4XFH 9
FFA BLE ddstA AFA Z®E7] st DBD wE71E nFEE9; 4
2 (2 rev s-1) AAFHA, DBD #-&7]¢ LdHE st

By 2EdE s 223E WAF Ay HolYHd AZAste HEE el 942
SHPTH AL uFAYL TAYEZEZ7] (high voltage amplifier) 24 A& 2EA
¥oz AFdsgom, DBD W7l <7ld AL
1000:1 ZAY ZT=EH  (probe; PHV4-2934, LeCroy)et TIAE oscilloscope
(Wavejet 354A, LeCroy)E ©|-83to &S431%9 3, DBD S&&vf &29 Q17tH

= d¥dg 53 gAY dA¥5737] (digital wattmeter; Power manager,

[>
il
S
oo
_c‘>lg
e
=i
S
K
e

Dawon DNS Co.)Z ©]&3t4th. DBD 2w 3axd Qd7tetes A8
Slide-ACE o] &3la] 15 W, 20 W, 25 W& WAsE Aoz AC ZAY (FF
T3 60 Hz)2 165 kVelAl 215 kV7HA] WHEHAT E2=2ntE o] &3 IH
AlZEE 10 min @2 AR AP dubdoR A AFY 5
Agozr FYANUA(RREY] gHE ARt AA BH AERHE AFE AL
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o we} AE3 H3F(AA S T F=v B L8d HHYE T
A3 2 A DB shitel ARAERE Fea, E e d&ZFe )
HAE]E DBD #37]o] AF=2 dAdstd 22 AAAEHGR) = C x dvt) /
del FHHE HFe sdsde @714 o]&& o] 4359 DBD #H&7|d A&
2 WHAEL Lissajous AY-H3t AEE o] &3t SAHFIAHEF &, 2002
T, 2012). &9 o]2L o]&3te] DBD HHE]e] AEE AZE Ul8F J)
HAE (1.0 uF; PMB 1200V H6, icel, Italy) ¥v<9 AYS 101 AY Z=28
(HP 9060)8 AH&3te] AT 2N H3Fes SAIAT B AA At =

QARG ol gdte] HAT F vk

)
2
oo
N
]
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Figure 12. 3-dimensional view of the DBD plasma reactor.
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35. LEDOJA HZHo| =X

HFAZ o] &3] LED FAAE A|ZF3 A& & 29 (Figure 13)3 2
HE AT 71 IAHZEE; (FIXEF).
1. 834 Az 2L A - AF Lot QC (quality control) A}
2. §FAE FAA(binder) st AT HlEE £t GXSE GA
(B d7AM= F3Ad SXA(OE-6630)9 v &S 1:8 2 AF; 85-85 test)
3. 834 £ E FAVY 212 F3A FAS FAFHA t2AME o] &3}
o o] Fxd A7) A =XxsE BA
4. FFAN =xd G718 2 ¥ Btk 9
Bee Fazke F5A HA (LEOS)
st oAZ 1Yl (29 FFA = LED & AR F 85-85 testE AA])

rlr
of

53]

e

M

re
2
)

o2}

|
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| curingoven |

|

\ White Light

|

b

LEOS 8585 test

Figure 13. Packaging procedure for LED making.
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ZAEIY A, FYEe ATAY B4 ERsHEg R AT + JUU-
A 3171 $3ke] Figures
14 and 15904 a) 2= A ¥ AR/ FF S Adel w2bA waveform
o2 Yt ey, Figures 14 and 15914 b) T == Lissajous Bl EF+=
Ag-As A=2ZA JeEFAT Figures 14 and 159 b) L Zol| A FPAH
o] ML uF 15719 DBD &7 ARH AUAE YEhlH, o] A
2)E F3tH FHFHo] dojxir}, B Ay 7oA Zet=vld

H
ojsl WAAHL 267 W oA 479 W 7+ oA #H3}x ¢,

..I.z
=2,
S
>
ofo
i
=2,
i
N
il
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40 4
Waveform (a)

20 A

Ch1l. Voltage (kV)
o
Ch2. Charge (uC)

® H43
® H329%
® H1.65%+T1.09%

T T T -4

0 200 400 600 800 1000
Time (5.0 msec / div)

A
o

Lissajous (b)

Ch2. Charge (uC)
o

@® H43%
@® H3.29%
4 O H1.65% + T 1.09%
-40 -20 0 20 40

Ch1l. Voltage (kV)

Figure 14. Voltage and charge waveforms at different precursors (a), and
the corresponding Lissajous curves (b). (input power: 20W)
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40 4
Wameform
[ A N @
— . ]
S | In A P
CD 3
(@)] =
i )
- (@)]
S o 08
> O
T e\
H e
= -20 | v 2 O
15 W
© 20W
25 W
'40 T T T T T -4

0 200 400 600 800 1000
Time (5.0 msec / div)

Lissajous

Ch 2. Charge (uC)
o N

1
N

® 15W=2669W
® 20W=3707W
O 25W =4.794W

_4 T T T
-40 -20 0 20 40
Ch 1. Voltage (kV)

Figure 15. Voltage and charge waveforms at different input powers (a),
and the corresponding Lissajous curves (b). (HMDSO content: 3.29%).
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Figure 14 (a¢} b)olA WA A8 18 Z(Figure 14 b)oll 20 WA 2z} 7}~
Fyomet FASR ™ Figure 15 (a9t b)olAE BA AF (Figure 15 b)&
15W,20W % 256 W 2 Z47e] 948 A wabd =AY gAs 19
Z WglE 7k 249 Ws (Figure 144 E o2 Ho| 5¥3| #AHA &%
on 9y AHEH XRE (Figure 15X E 7] &7]d 4 <kzke] M3y #FHQ)
78RR oldF 72718 #Hste Bd 5Ao] HESHA WIS HAF

Fetzvt BAA BEEe 29 BFH ¥E ERF(Figure 1602 #2517] A3
UV-Vis %4 (Maya 2000, Ocean Optics)7} AF &5 Q. 3354 28 =4
A B3 A7 FoTA0] ofyE HolHEAE a9 A FasH 4F
o ol&® AFA 7t Az 2 wE AFEYS o] shxQl of= 3wt
S ARESte] #EE 29 EHI WA Y. Figure 16914 & 4 X o] 3209
A1 380 nmoll 2 W9 =7t sglel] FAEALH, A Frel disiAe &
A Zol7b YA =, LEFS FFE (EFA FJ=E 270 nm~320 nm
o He dgdA F3aA vestth(Schulz 5, 2007; NIST : toluene; UV-Vis
- 253, 259, 261, 268 nm, IR - 3028, 1605, 1496, 729 cm ).
of= o] o]23et HEo] ot2Z A9 o2 EF 3 HAde] WEH
= ol t&F 2L FHFEY FE-HA ZEE AT £ ko] F, 1999).

O AR FE EF-o)¢ AH 1 Ar+e — Ar + e
123 2 34 AAFAA  Ar + e — Ar+ + 2e

@ Ad F= BE : Ar — Ar + hy Ar + hv; = Ar

@ A AAY B Art + e — Ar + e
v HA FFL o= o] o] Aot AAFE] dAE Folee AR S vy
A AR, HEHe A5Fe 2HEYY nigo] dd. o] d&F W& ok
2], AT 53 Z2 AR FAZd MR A&Fo] FEEH

Z ATEA D Ar+t + e — Art +e + hue

N

S
)
5
ofy
ay
(o]
LY

ol

Bremsstrahlung : Ar + e — Ar + e + huc

AR F& 0 Ar + e — Ar+ + hue
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Carrier Gas : Ar

| Moo

w HMDSO (4.3%)
c

>

@)

9/ [T [ | 2 Y » |I . 1.0 1

P

Q HMDSO (3.29%)
Q

)

=

HMDSO (1.65%) + Toluene (1.09%)

200 300 400 500 600
Wavelength (nm)

Figure 16. Optical emission spectra of the precursors and the carrier gas.
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2]
oge BRam, thed 2e dE BT Lojtn gt Ao YA
7

th 2Ey ol AAL FeEu F olEE
2 AAZT(] F, 1999).
Ar + Ar — Ar + Ar’
+ Ar — Ar + Ar
+ Ar > Ar + Ar + e

&

+ Ar' + e —Ar + Ar

+ Ar" — Ar + Ar + e-

+ Ar" + e- — Ar + A"
Ar" — Ar™ (EE Ar) + Ar

ZE & F %

+
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4.2.

ogt

EH2|

ok

54 Hzt

B AFNAMY ‘reference’ ¥ ‘PAS6SFl'S IZ®H A 484 FFA (Yellow
phosphor; PA565F1, Force4. Co., Korea)E& YEI M, ZZols 8] ZA0Z
TEI EAI T AR AgAoE FFAE 380 nm FHAAM YL o7
W= (EM band)E YeW, Figure 179 (a)= blue chipdl E3do] 9=
YAG #F3FA ¢t vliste silicated] FFA T ZFHE 47] =g BHAF1 ot
vl el o] Eu” o] dUAE FFe o &L AANHE 9rHEY o
= AEAClEA FRAZE g of7|del g3 EAH R 7] E F LS
owl gt Figure 17 (b)e Eu™e ZAZ &olA9 oz £9E8 deinh
Eu” o] &% Agste F3A9 23 AAEFEX)S vie el 49 4714
B9l 41%5d" Abol9) oA Aol sir e 479 4f%5d" oA Aol w

g A 3F 3 EF 540 @RI (# 5, 2005 AH 5, 2006). & AT

) PLo] 570 nmel A WE o™ 480~700 nm ¥4 e We @3 W=E Eu”
o] 9] SrySi0y E A9} e 2 4528 (coupling interaction)S &}7] W& 9]
o 2R EHA &S FFAG vugds W, I8 £4& A 7IH AYd & FL
2 23 Fold ¥FA9 F%F (PL: emision; EM) 2 7] (excitation; EX)
2#HER] X & W37l AT Z®W AIZPEE PLA e AT AFS B
ol &= AUt Figure 1894 &= HMDSO 4.3%<] ZZAA A7t whE PLO
HEE YERAH.
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— YAG
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N (a)

Intensity

452 42.8| |570
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wavelength (nm)

4f65q1  __—
—~——(b)
4f7 * v

A 4

Figure 17. Typical photoluminescence (PL;, EX/EM) spectra of YAG and
silicat phosphors (a) and energy level diagram (b).
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Figure 1894 R A= A7 Zo] 3®W W JFART 1.725%~7.843% ¥
=7 FREAY ol HEo] WA Fo] FoldF 1931 AFARHA(CIE 1931
color coordinator)ol A 2 ¢ &% (color purity)= Bt ¢ Eolx=AE E3=
o, 2 A3 PL 2= HF 9o wXF (full width at half maximum,
FWHM)o] 67.223 oA 66.4657t7] 254 EAE5S AT 4 AU 0|24 &
Y 23 A X FHHASTES ¢ F ok FE, 7|E 8 FA N 3
oA FEHEFFoR I EAS MAT + A
7t dojuvteE S 483Ut ofHn ol& FAdr] fste E#=v Z®Y $9
A L& FL 2 LEOS (OPI-100, #HA4)E ©]&3te] 1931 A EA
(CIE 1931 color coordinator)ollA] A FF e WH3IE &Aoo, T LED FH
of At A M x| WSS 85-85 testE: Tl FAsTh. Mo W
H3 Azre] Eoll o Az Yets SA07] wEel Mgl
g gz2A yehgd 5 Jon ojst 2 Ydeior A ME Hristr] AT &
TEYo] e CIE (International Commission on Illumination) 2833
AE ol&3te & AAIgT HMDSO 43%9 ATFAZ Z®S JJAE SA
& Z I (Table 3), T2EE ] FBFANA ZES & MR Wsleo] CIEx
9] A% Ad 00129, CIEyY A5+ AW 00222 e

=

2L

o

(|
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Figure 18. PL(EM/EX) spectra of Sr2SiO4Eu phosphor.
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Table 3. Changes in the color coordinate (HMDSO 4.3%, 20 W)

time CIEx Ax CIEy Ay

O min 0.2899 0 0.266 0

5 min 0.301 0.0111  0.2842  0.0182
10 min  0.2996  0.0097  0.2834 0.0174
15 min  0.2904  0.0005  0.2652 -0.0008
20 min  0.3028  0.0129 0.288 0.022
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o

A el7I R0l FUSEE R

o] FFARY 1.725%~7843% B=7t FdH= 2 I (Figure 18)7F Ukt st

N

1g & 9 ¥

pr

Bate} = z9A

_1

= ZPFF LED F AF F €559 o= MAEI} viH= Wsrt doj
e A

AA A0 HE38717 olele wbhd, LED ol 44d F3A4 £
BEdA Y AR WHsteE O Mo FFAZ TFEAGA WEsIE dojuteds
oulgd ot} IHS AAF F ELYH Y FFANAN B ZHITAS ST A
gt&o] 1931 MAEA (CIE 1931 color coordinator)oll Al &4 Mo W+
CIEx &3x¢ 2% Hd 00129, CIEy #x9 A= Hd 0022 Jelgte=

2 AW =3 3}s ¥EA (chemical potential) F H7|FH IFdA
(electrical potential)®] A o7 AR o|FEHE7} Z7lE o] old wal AA-A
88 AEATE S27F golAA FRA Y BF BEo] FUHETGR FAHAAY,
@ ZEFo] TAE A FFAG AT AtoldA SHEY AolE HANA =

TRt o Fotx AAAHA AR TV dolwts
e 3, 52 @ ZE 3 AT A FAHTHY HEHo] 7|9 A

Jqorar BaHATH(E, 2010 5 Im 5, 2009). 3AIRE Sk Aol o3
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FAY BA4L Bl EASAHY AMS AAAE J1E FEIRA] Qo]
27} vhHE WEsh dolu: Ae 488 ZwoA mgAsd gt f2)

m

& 843 z2eE2F AgAl (divalent europium-activated strontium
orthosilicate; SrzSiO«£Eu”) d3A = 249 Fx7F Figure 199 #o] JCPDS #
39-1256 (a-Sr2Si0s) B # 38-0271 (B-Sr2SiOs)¢] T2 Yeidoi €A
At o] AFE FIA AL FFAY FXE X-ray diffractometer (XRD)E
3t A3 At Bragg WA 2 d sinf=X (A, =1.540598°) & ©]&3}H,
XRD t©lolg ¢ F 939 AAE o]&ste] Az AARGTE A
=2

Sk 2=
g g 3

=

2 Ao o]gHolA (F)EAE(Forced)ol A ATdlE =" Ao A&
Sr:SiOsEu” B4 F3A9) XRD ®lole] 2z 2A¥E 20 min 3+ ZHE 3
%ol gFFAe AATZ Y I XRD HiolH & te-3 2t} Figure 203 Zo]
B AFoA A& ZEEES XRD #< 23, FBA AAY FxHsE
o 71A ggten SM FLE ©o|&% PL SAAAE T3age] WHol7t #FFHX
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—_ JCPDS # 39-1256
=
=l 1
1 .| L . III TR 0 O |
o
—
s m JCPDS # 38-0271
=
| ‘ || o ll Wl I..II| wililuny s bl =
20 30 40 a0 60 70 80
20

Figure 19. XRD patterns of a-Sr:SiO4 (JCPDS #39-1256), and B-Sr2SiOq4
(JCPDS #38-0271).
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Figure 20. XRD data of the coated phosphors. (coating time: 20 min)
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Scanning Electron Microscopy

(Figure 21).
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SEl 50kv  X10,000 WD 8.6mm 1um

Figure 21. SEM image of the phosphor after 20 min coating under
different conditions. (10,000 times magnification) (a) HMDSO 3.29%; 15W.

Forced SEI 5.0kV X10,000 WD 8.6mm 1um

Figure 21. (b) HMDSO 3.29%; 20W.
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SEI 50kv  X10,000 WD 8.5mm Tum

Figure 21. (¢) HMDSO 3.29%; 25W.

Forced SEI 5.0kV X10,000 WD 8.6mm 1um

Figure 21. (d) HMDSO 4.3%; 20W.
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-

50kvY  X10,000 WD 8.5mm Tum

Forced SEI 50kv  X10,000 WD 8.6mm Tum

Figure 21. SEM image of the phosphor after 20 min coating under
different conditions. (10,000 times magnification) (f) reference(PA565F1).
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Figure 21(a~f)2 E=2vl I8 AS FFA THY FAAAE Y 7 (SEM)
10,000 v} SEI 2= Apxlojm W Wsto] /HAHE Hopshrle AT B
A E BZE 98t HMDSO 4.3%, 20 WS ZZ9A 20 min 3+ Z¥HEL &
A EHE 50,000 ¥ o]v A (Figure 22)& ©]&3t] COMPO R=2 ##
vk Egzvl I A ¥FA (PAS6SF1 reference)dl M dgdd e W
ZZo] #AHAQoY, W F (V|8 SEM Aol o) o=z Qs B
o] Bt} wjE3Ht S FFA FHo B e I”RE THY AES g
7] 918t Energy Dispersive X-ray Spectrometer (EDS)E o] &3 94 4
< AAsY . A% EDS dHolHzE Z®W A%

o 3

o 4E3 2YE TA HEAA APs FEF

i
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JEJUNG, T COMRO* 10,0k 50,000 . 100nm= WD 8:2ni
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Figure 22. SEM images of the phosphor before (a), and after 20 min
coating (b). (50,000 times magnification)
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Table 4. EDS data for phosphors when the coating was

different input powers

performed at

somici | pAsosp1 | M3 | H320% 1320,
C 22.67 31.56 42.71 34.65
o 51.99 35.65 23.69 35.25
Si 8.34 10.45 12.22 11.27
Sr 14.35 14.84 15.92 15.65
Ba 2.37 549 4.28 2.66
Eu 0.28 2 1.19 0.52
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Spectrum 1

ull Scale 395 cts Cursor: 0.000 ket

PAS65F1

Spectrum 1

ull Scale 3935 cts Cursor: 0.000 ket|

H 3.29%, 15W

Spectrum 1

ull Scale 3935 cts Cursor: 0.000 ket|

H 3.29%, 20W

Spectrum 1

2
ull Scale 395 cts Cursor; 0.000 key

H 3.29%, 25W

Figure 23. EDS elemental analyses of the coating layers prepared at
different input powers.
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Table 5. EDS data of phosphors when the coating was performed of different
precursor compositions

° ) Ly 9
atomic% PA565F1 }1204'3‘? Hzg'z‘;A Hi '652/3 ;}I‘VI 09%
C 22.67 15.64 42.71 31.12
o 51.99 56.99 23.69 46.69
Si 8.34 8.76 12.22 7.25
Sr 14.35 15.94 15.92 12.07
Ba 2.37 2.24 4.28 2.38
Eu 0.28 0.43 1.19 0.48
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Spectrum 1

ull Scale 395 cts Cursor: 0.000 ket

PAS65F1

Spectrum 1

Full Scale 395 cts Cursor: 0.000 ket|

H 4.3%, 20W

Spectrum 1

ull Scale 3935 cts Cursor: 0.000 ket|

H 3.29%, 20W

Full Scale 395 cts Cursor; 0.000 key

H 1.65% +T 1.09%, 20W

Figure 24. EDS elemental analyses of the coating layers prepared with
different precursor compositions. (input power: 20 W)
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45 N Y U BEHOLX|

HMDSO 43%2 ZEWANZE HFA 8 EHS FHFZo] Figure 259 9}
Rem a), b), o) 247 0, 10, 20 min F¢ S=nt AgE FFA HE=Z
73 AZlolth. F3A ARE SA HAd Exde F3 SHAES oF 8ul A7)
23 g dojzgn H ool ZA4E T3 HEF4Y HAFS HE R
F3A EA HEZ AL Y35l sessil drop HAS o] &g on, oA
S JFELAE o] &3ty THAUAE s =X H FFA A8 ZTH
EWSS "olxh e we] HEZHe HMDSO 4.3% Z7lA, 0, 10, 20 min %
o I® AHIH A5 A 47 21.3°, 834° 131.7°Z SAHFIAY. T3, w3st
AR 2YAESE "oy HE4E SAHT 45 (Figure 26) 47 55.5° 133.4°,
1396°2 ZAHATE A Azlo] AAAFE & 2 SYAEH FIAY HEZL
¥ 2 HEH SAFge=RHY A

of ¥z g BAANE Zo] FopAm 2540l FE BFANE Zo] ARA B
CHGarbassi 5, 1994). ¥ AT7AAAY ER V5 ZHE AP AS
JEAR AR fAE AESDO] B Hol A& A% BAS Fod IHE
A FEH W A5 B4 beR 2ol A4 24¢ S ™Y
PPAY 244 54¢ FFste F5Ze wste Az g =Asg
ATAZ 088 7t= AR, 244 2929 Aeoe FUADE 20 W2 23
s, o Aede HAAY EF fARAoH AR e me 17

WASAN Y3
o mE AR
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a) Contact Angle : b) Contact Angle : c) Contact Angle :
21.32 8340 131.69

amO

Figure 25. Water contact angle images of the HMDSO-coated phosphors
(HMDSO content: 4.3%). (a) 0 min, (b) 10 min, (c) 20 min

a) Contact Angle : b) Contact Angle : c) Contact Angle :
55.45 133.40 139.56

a0 0

Figure 26. Glycerol contact angle images of the HMDSO-coated phosphors
(HMDSO content: 4.3%). (a) O min, (b) 10 min, (¢) 20 min
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Figure 27~Figure 302 A5 ZW HEFZ SA7|<FT AFSL PHE o &
sto] LA FEHI HF Alolo] AW AR BHFS SAHsE CAAd o8 HE5Z4
g Z=ul HgA e g 2EL B Fv Figure 299 Figure 302 94
HAH I FF sessile drop test (Young's method)o] <3t HE2Z(y =)o BAES
FREA()Y xF)F dEd AYUA((b)9 xF)E |83t ZAe Aol 20
7y EFgzv 2¥9 Fo FE5Z4L, A9xd A E 12648°~135.86°
(£; Figure 27)%} 137.18°~141.97° (&A1&, Figure 28)J 3., A7 =4 =74
o| M= 128.26°~132.41° (&; Figure 29) ¢} 137.80°~141.98° (Z&]AlZ; Figure
30)Att. Figure 273 Figure 29914 Z#=ul xgld Eo HE=Zo] 20° =
gul= HEZ SAHE st B8 Bo=HRE W Eo] 443 HoE& v
o 5 Fetzvl 29 A A8 HYACE FFA 222 FFHoE Qsto A
o= 7tggded. Et=r 28 Ad $de 299 2748 (HEF4)o] 7t

#oh. o]Z 8 20 min He] A Feolls £ AFE =0 =A HS

+
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Figure 27. Variations of water contact angle as a function of plasma
treatment time at different precursor compositions. H refers to HMDSO
and T refers to Toluene.

160

[

N

o
1

Contact Angle (degree)
By
o
o

80 -
—@— H1.65% + T 1.09%
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Figure 28. Variations of glycerol contact angle as a function of plasma
treatment time at different precursor compositions. H refers to HMDSO
and T refers to Toluene.
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Figure 29. Variations of water contact angle as a function of plasma
treatment time (a) and deliveried energy (b) at different input powers.
(HMDSO content: 3.29%)
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Figure 30. Variations of glycerol contact angle as a function of plasma
treatment time (a) and deliveried energy (b) at different input powers.
(HMDSO content: 3.29%)
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o9 Figure 312 Y 4F AF9 AFAS vudg 5 ds dE
dolth, HEZH FAHE T3k
7k, $-Zo Hole AAME ZW Fo FFAE AF B == AL @

F% %+ Ytk R Fek=vl 3YFHS Fohe] HMDSO/EFA (AFADe
o]

AW AfouviAle HEH S3& 8 HHAA wHoE AdE F e
o HEAL vlo]az AYAE ol &ste] dA T&@ ul)e Eojzdo=
A F J¥dH. "AEFLGS o
=3 =9A4AE F MY SALAES HoE FH(Owens ¢ Wendt, 1969).
HMDSO 3.29%, 20 W = AAM 44 HE5ZE ©] 83k Owens-Wendt
2dz I URE A B UtHGood, 1979; Kwok 5, 2000; Owens <
Wendt, 1969; van Oss, 1987). A4t 23 F=vl I8 o3t W Aol
A7} 10897 mJ/m” 1A 20 min FolE 427 mJ/m’ &8 ZAA T, 60 min
Zo= A 0.766 m)/m’ 74 FAFA LS 3239 HFigure 32).

o,
N
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Figure 31. Comparison of the wettability for un-coated (left) and
HMDSO-coated phosphor powder (right). (HMDSO content: 4.3%; coating
time: 20 min; input power: 20 W)
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Figure 32. Surface free energy a function of plasma treatment time. (HMDSO
content: 3.29%; input power: 20 W)

_68_



o] ]
°o]-&

T AR

Q

ehxvlg

9} o] @A %7 wa PLE

WH o2 DBD

gejel Yol 3%

?_]__

e} oo

__Iryl

td AANEA FFAd

5o

i)
=

A (1.725%~7.843%) % A7l

A

~—
fiTe)

-

o

jze]

“d
)

_69_



24 &E7D)e sy Askel 4 FTIR
237] 24& 53 54& Ao Figure 339 Zzq FAHE 3
HMDSO 4.3%, 20 W2 fF9dA 2" F3A ¢ FTIR 29" & YAtk
AN 2HAEQL FAAYEHA G FFA, Wby g 224 S @y
2 EHL 47 5, 10, 15, 20 min ¢ EHAZE FFA Y 2 EF |t} I
¥ #=), symmertric bond bending©°]
Z7b8k 3L, 2852 cm ‘ol CHp, 18X 2922 cm ‘o CHzo] ZAETz7F #3235 Y
ot Ay A7to] ZoJ&ASFE CH: symmetric stretching® CHsz antisymmetric
stretching A% o] 723t A(Figure 33 18 $3)o] BAHY oW 2957 cm™
Ztg oA CH da= F7He Aol ' HAAH. kAR, Sie] 239 FsdE,
SreSiOfEu” @ %A AA 7} Si bondE TEstm $17] wWE HMDSO AFARZ
FE Z""E 24 s FRFHAE AYA, FFA WFd 2o st
#Z oA = Si bondUA EH3HA| et
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Si-(CHs)X Si-(CH,), CH,
Si-(CH,), Si-(CHy)x Fi-H CHx Si-OH CH, CH
| I | . | | 1|
100
) 80
[}
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©
=60
e
[%)]
c
©40 —— Reference
= —— 5min
—— 10 min
20 —— 15min
823.60 —— 20 min
1000 2000 3000 4000

Wavenumber (cm™)

Figure 33. FTIR spectra of the un-coated (reference) and HMDSO-coated
phosphors taken at different treatment times.
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T\ H320% 25w " ST
S it H 3.29% 20W V\/"F A
S Ty H 3.29% 15W/ V\/’w'

c e

IS PASB5F 1 v\/*
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7 -@\A\/’Wz;_a%zow N A @
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Figure 34. FTIR spectra of the phosphors before (PA565F1-reference) and
after the hydrophobic coating.
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Table 11. Observed peaks in the FTIR spectra for the coated phosphors and
the assignments of functional groups

H 1.65%

H 3.29% +T 1.09%

H 4.3%
PA5S65F1

15 W 20 W 20 W 20 W 20 W
501.49 | 493.78 | 501.49 501.49 482.20 | 499.56
526.57 | 526.57 | 526.57 526.57 524.64 | 526.57
825.53 | 823.60 | 825.53 817.82 781.17 | 817.82
904.61 | 904.61 | 902.69 906.54 858.32
921.97 | 918.12 | 918.12 920.05 918.12 | 918.12
960.55 | 960.55 | 960.55 960.55 960.55 | 960.55

CHz, CHs3
deformation 1438.90
CH
Stretclzling 2850.79 | 2850.79 | 2850.79 | 2850.79 | 2850.79 | 2850.79
CH:
Stretcﬁing 2918.30 | 2918.30 | 2918.30 | 2918.30 | 2920.23 | 2918.30
CH 2962.66 | 2960.73 | 2960.73 | 2958.80 | 2960.73 | 2960.73
OH 3444 .87 | 3444.87 | 3446.79 | 3442.94 | 3446.79 | 3433.29
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47. KBr C|A3 E o|8%t EH % 87|o| Ha}

A A E FTIR 18 Z(Figures 33 and 34) A= FFAN EZd 93
Aol Adte Y HAR ALIVES FUstedE oE =l AN wEkA F
& Aoz Ay AF g9 FE7] HIE Z3A8] Hostr] At KBr o
235 AFste] old W ZBAFS T2 =AM AHA S FTIR £37]

Figure 35 Zgd=r ¥AE %3 HMDSO % HMDSO/EFqdog W =
¥x2ld KBr 4229 FTIR & Efoln, FWAHA & KBr =39
7zt =AM 20 min I+ Z®W A3 FAAYE KBr tj2=a9 2HEHS
A G BEA N 2R AL doke FAd] FREA A3 dedoEA =

B¢ Satel AAHE 4719 Nas no g8 B £ AUk

NISTS] #Azo] 93td EFde IR 2HEAL 729 cm’’, 149 cm’’, 1605
cm™, 3028 ecm™ oA YEhdtm Rusojgith. HMDSO/EF ATAR AH
¥ KBR t£3a9 A%, vart 433 gon AFEde] EFsiA #zHY
F8 ¥ze YFE HMDSOZ HH HEEH 33z AIHW aromatic ring®

i

Figure 35914 HMDSO 3.29%°lA¢ F4dgdE FTIR Z#} 2= ¢
HMDSO 43%°14¢] FTIR HoHEZ AHr® HMDSOZ E32d &3 AT7H
o Hlate 433 dxERS FIT F Uvh. B HMDSO HAFA 9sto

24 Addigd, i IYEE2 V€Y o8 2HE T RuHUA
Ll

o el Zet=ul FIE A9 o] SiOxCyHz °lv¥, CoF He Fo 2%
EXAZAAT AMEEHY &9 Egzv I QW
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GHstretchs
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1000 2000 3000

Figure 35. FTIR spectra of the KBr discs coated with 3.29% HMDSO (a),
4.3% HMDSO (b) and HMDSO/toluene mixture (c).
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vibrations®] YEgTH(Gandhiraman %, 2005; Gandhiraman %, 2010; Schulz %,
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St =3 $FEF S25FE F$¢ 1585~1600 cm 9] = (C-C stretch
(in ring))E 7}A™, Aromatic P9 ga2-84 AT o] 93 1400~1500 cm ‘oA
9] #3 (C-C stretch (in ring))E 7t LHAJG. &9 W3S 543
=0l A #Zs7]dl JEAw C-H9 Wl (in-plane)] bendingl ¢stef 1,000~
1,250 cm oA 9] kg mlaw mdvy geAdrh HE0] 3000 cm ' o] Al A
o] C-H stretch 3299 1665~2000 cm™ (weak bands; ‘overtones’) ¢ 675~9
00 cm' (out-of-plane; ‘oop’ bands)e} ¥ Zel| 93te WFE 17} e o
718t &3 FEE . overtonesd] Aol olZwtyg Ho| diA HH& w4y
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Z2t=vl F® o] #3% Gandhiraman %(2010)¢] 4794 mass spectrum © o] E
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Figure 36. Mass spectrum of HMDSO plasma (a) and secondary ion mass
spectrum (SIMS) (b) of HMDSO. (Gandhiraman %, 2010)
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JeE FH A E4olt. mEtbA FFA HAE vt Aol ofyE FHEA
EDS¢t= 28 ¥l 9d dHolgHE €& & Ul
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of hZ Atdo] ey, A KBr t=3E o] &3 FTIRSY Ao A#ste

Ag & AU

T, AAAA XPSe A3 HeolHE 74 =7EE AHEY th&F ZTH(Table

7 and Figures 37~42).

Table 7. XPS atomic% data for phosphors when the coating was

performed with various conditions

Name H 3.29% H 3.29% H 3.29% H+T H 4.3% PA565F1
15 W 20 W 25 W 20 W 20 W reference
Ba 3d5 1.86% 2.25% 1.85% 2.2% 2.85% 3.14%
C 1s 26.68% 21.69% 27.85% 24.79% 21.84% 32.14%
Eu 3d5 0.63% 1.24% 0.7% 0.54% 0.46% 0.08%
O 1s 45.47% 46.21% 42.13% 47.96% 50.36% 44.9%
Si 2p 16.23% 17.81% 19.63% 14.66% 11.08% 6.07%
Sr 3d 9.13% 10.8% 7.84% 9.85% 13.42% 13.66%
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Figure 37. XPS survey spectrum and high-resolution core-level spectra of
the coated phosphor. (HMDSO content: 3.29%; input power: 15 W;
treatment time: 20 min)
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Figure 38. XPS survey spectrum and high-resolution core-level spectra of
the coated phosphor. (HMDSO content: 3.29%; input power: 20 W;
treatment time: 20 min)
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Figure 39. XPS survey spectrum and high-resolution core-level spectra of
the coated phosphor. (HMDSO content: 3.29%; input power: 25 W;

treatment time: 20 min)
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Figure 40. XPS survey spectrum and high-resolution core-level spectra of
the coated phosphor. (HMDSO content: 1.65%; toluene content: 1.09%;
input power: 20 W; treatment time: 20 min)
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Figure 41. XPS survey spectrum and high-resolution core-level spectra of
the coated phosphor. (HMDSO content: 4.3%; input power: 20 W;
treatment time: 20 min)
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Figure 42. XPS survey spectrum and high-resolution core-level spectra of
the uncoated phosphor.
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Figure 43. High—-resolution core-level Si 2p spectra of the phosphors
coated under different conditions. (treatment time: 20 min)
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Figure 44. High-resolution core-level C 1s spectra of the phosphors
coated under different conditions. (treatment time: 20 min)
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&0 FJAFH AT (b-c)(http://srdata.nist.gov/xps/selEnergy Type.aspx).
¢o] FTIR =¥ EH 9 XPS #4232 ¥y HMDSO”} SiOxCyHz HElZ
FEFEFoH, &4 THL SiC 2 CHxoll 93 AAE AT 5+ YAk

_90_



8i2p —CI18
FWHM 12 (a) (a)
% /41019 8i0x g
5 103850
g 104810, , Omin g
= F/\ /% |\ Tal00.4 SiOx =y
T T
e G0l 162 106 58 287 286 285 284 283 282
Binding Energy (eV) Binding Energy (eV)
2 E
g g
: 5
g - E
z iIOmin g
= =
g E
5
06 104 102 0 98 287 286 285 1 25 282
Binding Enerpy (V) Binding Enerpy (eV)
—si2p
FWHM 12 (c) (c)
= 101.9 SiOx 2
£ =
= \ - -0
= M 1003sic [20ming
2 W04./si0, M £ \’V
g /‘10" J U ‘}Mm\ J g e“‘*‘-l\
y, S . - = , T
VY W = VARY
106 104 102 100 93 287 286 285 1 ) 282
Binding Energy (V) Binding Energy (V)

Figure 45. High-resolution core-level C 1s and Si 2p spectra of the
un—coated phosphor (a) and HMDSO-coated phosphors (treatment time:
10min (b) ; 20min (c)).
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Figure 46. TEM images of the coating layers prepared under different
conditions at the magnification of 5,000. (coating time: 20min; precursor:
HMDSO and toluene)
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Figure 47. TEM images of the coating layers prepared under different
conditionsat the magnification of 50,000. (coating time: 20min; precursor:
HMDSO and toluene)

_94_



x 100,000 x 100,000
@ 25W, 20min . @ 20W, 20min
HMDSO 3.29% HMDSO 4.3%

¥
™

Figure 48. TEM images of the coating layers prepared under different
conditionsat the magnification of 100,000. (coating time: 20min; precursor:
HMDSO and toluene)
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Figure 49. TEM image of the coating layer. (coating time: 10min;
precursor: HMDSO 4.3%; input power: 20W)
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Figure 50. Color coordinate variations of the un-coated and
HMDSO-coated phosphor. (a) X-coordinates; (b) Y-coordinates. (HMDSO
content: 4.3%; input power: 20W)
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Figure 51. Color coordinator of HMDSO coated phosphor mounted on LED
chip for 85-85 test.
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Figure 52. Reliability tests conducted on the HMDSO-coated phosphor
powders. (HMDSO content: 4.3%; input power: 20W)
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