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2.3. 소수성 코팅
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2.4. 표면에너지
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2.5. 접촉각
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2.6. 유전체 장벽 방전 플라즈마 (Dielectric-barrier discharge plasma)
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3.1. 실험재료
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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.)
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Toluene

grade anhydrous

vapor density 3.2 (vs air)

vapor pressure
22 mmHg (20 °C)

26 mmHg (25 °C)

assay 99.8%

autoignition temp. 997 °F

expl. lim. 7 %

impurities
<0.001% water

<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.)
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3.2. 소수성 피막 코팅 공정을 위한 DBD 반응기 설계
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3.3. 소수성 피막 증착을 위한 실험 설계
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3.4. 코팅 실험 방법
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3.5. LED에서 형광체의 도포 방법
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4.1. DBD 플라즈마 코팅 공정의 전기적 특성
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Voltage and charge waveforms at different precursors (a), and 

the corresponding Lissajous curves (b). (input power: 20W)
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Carrier Gas : Ar
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4.2. 형광체의 광특성 변화
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Photo-Luminescene of PA565F1 
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time CIEx ∆x CIEy ∆y

0 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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4.3. 형광체의 구조 변화

α β
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4.4. 형광체 분말의 표면 외형 변화
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EM image of the phosphor after 20 min coating under 

different conditions. (10,000 times magnification) (a) HMDSO 3.29%; 15W.

(b) HMDSO 3.29%; 20W.
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(c) HMDSO 3.29%; 25W.

 (d) HMDSO 4.3%; 20W.
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(e) HMDSO 1.65%; Toluene 1.09%; 20W.

EM image of the phosphor after 20 min coating  under 

different conditions. (10,000 times magnification) (f) reference(PA565F1).
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EM images of the phosphor before (a), and after 20 min 

coating (b). (50,000 times magnification)
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EDS elemental analyses of the coating layers prepared at 

different input powers.
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EDS elemental analyses of the coating layers prepared with 

different precursor compositions. (input power: 20 W)
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4.5. 형광체 발수성 및 표면에너지

μ
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Water contact angle images of the HMDSO-coated phosphors 

(HMDSO content: 4.3%). (a) 0 min, (b) 10 min, (c) 20 min

Glycerol contact angle images of the HMDSO-coated phosphors 

(HMDSO content: 4.3%). (a) 0 min, (b) 10 min, (c) 20 min
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Water CAs @ various precursors
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 Water CAs @ HMDSO 3.29%
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Variations of water contact angle as a function of plasma 
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Glycerol CAs @ HMDSO 3.29%
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(b)

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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HMDSO 3.29% 20W
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4.6. 형광체 표면 작용기의 변화
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Reference
Col 17 vs Col 19 
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Si-(CH3)x Si-H CHx Si-OH

CH3
CH2 CH

Si-(CH3)x

FTIR spectra of the un-coated (reference) and HMDSO-coated 

phosphors taken at different treatment times.
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FTIR spectra of the phosphors before (PA565F1-reference) and 

after the hydrophobic coating.
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H 3.29% H 1.65% 
+T 1.09% H 4.3%

PA565F1

15 W 20 W 25 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

CH2, CH3 

deformation 1438.90

CH2 
stretching 2850.79 2850.79 2850.79 2850.79 2850.79 2850.79

CH3 
stretching 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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4.7. KBr 디스크를 이용한 표면 작용기의 변화
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H 3.29%, 20W
H 3.29%, 25W

H 4.3%, 20W
reference - KBr pellet

H + T, 20W

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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4.8. 형광체 표면에서의 결합에너지의 변화

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

performed with various conditions

Name
H 3.29%

15 W
H 3.29%

20 W
H 3.29%

25 W
H + T
20 W

H 4.3%
20 W

PA565F1
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%



- 81 -

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)



- 82 -

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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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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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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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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XPS survey spectrum and high-resolution core-level spectra of 

the uncoated phosphor.
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μ
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High-resolution core-level Si 2p spectra of the phosphors 

coated under different conditions. (treatment time: 20 min)
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High-resolution core-level C 1s spectra of the phosphors 

coated under different conditions. (treatment time: 20 min)
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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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4.9. 형광체 코팅층의 두께



- 93 -

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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TEM images  of the coating layers prepared under different 

conditionsat the magnification of 50,000. (coating time: 20min; precursor: 

HMDSO and toluene)
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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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TEM image of the coating layer. (coating time: 10min; 

precursor: HMDSO 4.3%; input power: 20W)



- 98 -

4.10. 형광체의 신뢰성 평가 (85-85 test) ;

    3528 패키지(package; PKG) 1 chip에 실장한 결과
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(b)

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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Reference=0

85oC-85RH% test (3528 PKG 1 chip) of PA565F1
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Reliability tests conducted on the HMDSO-coated phosphor 

powders. (HMDSO content: 4.3%; input power: 20W)
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