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Curable Perfluorinated Polymer for High Power LED
Encapsulation
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White LED (Light Emitting Diode) has come to be widely used as a light source for the
next generation. Transparent resin for encapsulating high power LED, especially for lighting
devise, requires higher heat and light resistance than current resin. Liquid curable
fluorinated resin (LFR) based on perfluorinated polymer, which has higher heat and light
resistance and lower gas permeation, has been developed. LFR is composed of
tetrafluoroethylene copolymer having perfluoro (vinyl ether) moiety as curable unit on the
side chain and easily flows at around 100C. Thermosetting resin of LFR was obtained by
heating with the organic peroxide compound. In addition, it was clarified that LFR could be
cured by UV irradiation without photo initiator and the obtained UV-cured resin was more
stable than the thermosetted resin, meaning that LFR was very useful for LED encapsulating
material. Furthermore, the present UV cure system is thought to be novel crosslink method
for perfluorinated polymers.

In this report, we discussed the synthesis of LFR optimized to LED encapsulant and UV
curing mechanism associated with perfluo (viny ether).
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Fig.1 Common LED package structure
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Fig.2 Emission spectrum of white LED
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Fig.3 Curable perfluorinated polymer (LFR)
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Table 1 Synthesis of LFR
Composition Molecular wt. CF,=CFO-
No. (mol%) Mw Mn (mmol/g)
x/ylz &

1 72/28/0 14,000 5,300 0.98
2 70/ 12/ 18 9,800 5,800 0.30
3 65/ 9126 8,000 4,200 0.40
4 67/ 6127 12,300 7,300 0.29
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Fig.4 Viscosity of LFR measured by reometer
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Table 2 Thermal Cured LFR

Thermal curin . Hardness
No. condition ¢ Tg (C) (Shore)
0.3%PFBPO
1 120°Cx1h+150°Cx1h 44 D50
+200°Cx2h
0.3%PFBPO
2 | 120°Cx1h+150°Cx1h 16 A70
+200°Cx2h
0.3%PFTBPO
120°Cx0.5h+
3 150°Cx2h 4 A6O
+200°Cx2h
3 200°Cx3h 4 A40
without peroxide (bubbled)
0.3%PFTBPO
4 120°Cx0.5h+ _ Not enough
150°Cx2h cured
+200°Cx2h
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Fig.5 Peroxide compounds used as curing reagent
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Table 3 Comparison of Curing Method

No. Co(mm[:)(ilsyit)ion Curing Hardness Tg
xiylz method (Shore) (°c)
Heat with AT0 16
2 | 70/12/18 | PFTBPO
254nm UV* A90 32
Heat with Not enough <0
4 67/ 6/ 27 PFTBPO cured
254nm UV* AS55 10

*UV irradiation: SmW/cmZ, 90min
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Scheme 1 Reaction of RiCOF promoted by UV radiation
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Fig.7 Control of the hardness with content of
crosslinking unit
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Scheme 2 Radical addition onto perfluoro (vinyl ether)
followed by decomposing to carbonyl fluoride
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Fig.9 UV-vis transmittance of UV-cured
polymer sheet (t=1mm)

Table 4 Properties of Cured Perfluorinated Polymer.

Properties Unit
Tg T 10~15
Hardness Shore A 60~70
Refractive index 1.33
CTE? m/C 180~200
(40~100C) PP -
Water absorption
% <0.1
(60C, 24h)
O, permeability 2 -15
2 mol * m/m *s+Pa 4.8x10
(25C)
Moisture 5
permeability g °* m/m - day 0.63
(40°C, 90%RH)

#) CTE: Coefficient of thermal expansion

B EMEICE L Cld, Fig10lR a7/ (52
Mpze b, FEEE10C /min) O A S FHEEE O
BBV TIE250C T THEHA R S TERE
THbHI Vb5,

TG(%)
0
1%Td=319°C
-50
-100
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Fig.10 Thermo gravimetry of cured perfluorinated
polymer (x/y/z=70/6/24): 10°C /min, in air
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Fig.11 UV and thermal stability of perfluorinated resin
irradiated by 1kW high pressure Hg lamp
Intensity: 100mW/cm2@365nm, 180mW/cm2@405nm
Temperature: 150~170C
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FERECBAL R SN o Tze T2, HEYA 20
(-40~125T , ZiE15minfrEE) 12BWTH 15000 &
2000 & BV 2= VIZX o TEIEDH S D ODMANE
AR S N7z, (Table 5)

Fig.12 Encapsulation test blue-LED module
without reflector (left) and with reflector (right)

Table 5 Reliability Test Results of Molded LED by LFR

Polymer type LEfo)itrlrll(()):tu N LED package
' P with reflector
reflector
Solder reflow
- OK
250°C, 30sec
Temp. Humidity test
OK OK
80°C. 80%RH, 1day
Heat cycle test
(-40~)1]25°c) 1500 cycles 2000 cycles

PTFEZ LDV 7 )V R v — I 3ARREA T
A ERVA, LFRIZBWTIR R v — Kt X Ol
$12Scheme2lZ/Rd & 9 BRI X D FE I N5 M
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WRLAEZL—=FEREL TS, KIFFEOLFRD
HANY 7L, Table 412k L7z & B0 KREXE S
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KRS EICE VMl L2 2 A, DY AF LY
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