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A Study on Phosphor Micro-patterning used the Water-soluble
UV—Curable Resin

Sang-Hun Cho

Department of Graphic Arts Engineering, Graduate school,
Pukyong National University

Abstract

UV-curable resin has the properties of quick-drying, high productivity at low temperature,
epergy saving, space saving, solventless, non-polluting and low-stinking, and thus, UV-curing
system has been widely used in the fields of printing inks, adhesives, paints and coating
agents.

Screen printing technique is ocne of most economic methods to produce functional patterns.
By forming the necessary pattern, this method has high efficiency of using materials. Besides
several advantages such as low cost of equipment investment, simple process, high

productivity, flexibility of using materials and soO on are main reason for its popularity.

In spite of these advantages, the current screen printing has a limitation of forming high
density and definition patterns, because the pattern forming of screen printing is available
to about 100/m gap. Therefore, in order to overcome this limitation, photolithography was
used instead. Generally, in case of using photolithography, non-reacted parts are developed
and removed by a solvent or alkaline aqueous solution as developer, which are harmful to

human and environment. Thus an environment-friendly developing method is required inevitably.

This study has been executed to phosphor micro-patterning used UV-curable resin. The
phosphor micro-patterning properties of this photoresist were investigated under irradiation
of UV light low pressure mercury lamp. When the exposed photoresist film was developed by

pure water developer, the resolution of this photoresist was about 50.m.
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film transistor) 522 Y& = AUk
FPD Al Ztoll 23d0y 7ol ofa] ol AEHI Qo 1 olf& 234
L 718l 71eA AHd S Fdsted 7 BAAHA H Fo @oixegae ¥
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2-1. A9 A A3 A= AL

A9 (Ultra-Violet, UV)Z 3} Al2dle &8, 43, AAA4 Fol AYHL %A}
o oA Ae 5EHog @t

AN E ool waty BRSE 219 13 2o

A9de AA Fof stz A Tgo] 200~400me] ¥ R F@t? 10
0~200nm 373 H9e] AAMg AF LMozt ot AF AgHE Ao
ZHAR Qe AdUAE dio FAdsld 2F(0:)E YAHAIE LS 0. o
2hA o] G He X AF eyt obd F7 FAAM 2 YR 44
Hol AHgE & glemz IF Adgadelgtn o HAZ APHoZ FAE H
A7) Ewl = 200~400nme] g Ho] ALgH

Gamma- | X-rays uv Visible-rays IR Micro
rays waves
1 200 300 A(m)
X- | UV————»| Visible
rays Vacuum UV rays

Occur Oz Using UV curable

Figure 1. Electromagnetic spectrum.
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4ol 5% WMo PG ojFAL #57I7 BolALE 2UY TE 7z
7t doiA 7] & ol

Radical
polymerization — 1~6 functional acrylate
system
——— Monomer
(reactive diluent) .
lonic
polymerization
system
— Epoxy acrylate
Raldical o Urethane acrylate
rmerization
g;sytem Polyester acrylate
Unsaturated polyester resin
I Prepolymer
Ionic
polymerization
system
uv-
curable T — Benzophenone
formulation dical ;_ Aceticphenone
pol» menzatxon“L
r svstem Tioxanthone
l_
Ph d
~— Photoinitiator ‘—j osphinoxide
Ionic
polymerization
system
Radical
—— Promoter ————polymerization —~ Tertiary amines
system
— Polymerization-inhibitor
—— Additive I— Antifoaming agent
Flux
Coloring .
agent Pigment

Figure 2. UV curable formulation.
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Table 1. General Characteristics of Prepolymer

Properties of diluent Urethane Epoxy Polyester
free prepolymers acrylates acrylates acrylates
Viscosity High High Variable
Dilution with Monomer Easy Easy Easy
Viscosity Reduction Fair Good Good
Cure Rate Variable Fast Variable
Relative Cost High Low Low
Properties of cured

Films

Tensile strength Variable High Moderate
Flexibility Good Poor Variable
Chemical resistance Good Excellent Good
Hardness Variable High Moderate
Non-yellowing Variable Moderate to poor Poor




Table 2. General Chemical Structures of Prepolymer

1) Urethane Acrylate

N | [N |
CH, ==CHCOC ;H4OCNHR ; NHCO — R — OCNHR ; NHCOC ;H4OCCH =CH,

R, : .
1 R, . ~ch2)6—oco—601{2)4—coo+
n

CHj3
2) Epoxy Acrylate
7
CHCOCH ZCHCHZO @—c ‘O OCH,CHCH ,OCCH =—CH,
|
OH
3) Polyester Acrylate

f 1
CH, = CHCO —{- CH,CH,0 32— c @» ¢ —{ocH,cH, 5;— OCCH=CH,




A8 BANAY FRoE BT FE% o1& FFo2 U & Atk o)
dAE Aoz sbg Uy AgHE Ad2 3% 3 24 UP ALY 2 4
£ FUYE E 39 JHUL

Table 3. Radical polymerization System of Photoinitiator

1) Fragmentation Reaction
QG o b0y
CESOC—C— —+ CHS C- - (;—
1 \—/ CHs
2) Hydrogen Abstraction
CH, r §+ o*
o | RoNCHR
I i
c CH A R,NCH:R s CHs
OUOT Lo 222 | ¥
S C}Ig c CH
oLy
s CH,
- .
— S+ )
RNCHR ca,
§ ' Proton ?H |
e-transfer . 0 - (':H’ transfer cl CH R
— 1 —_— @[ | +  |RN-CHR
cocriIRanth
s CH;




2-5. UV A3} A5 gg¥ok
UV 23 A#2 BFE 29 394 2= e} go] aA 4 g3 gdrt
Z 3gog REHdt

Microlithography
Electroni
— . nic | PCB
resist
LCD color filter
: Litho h
Imaging g-rap y
resist
Lithography printing resist
L . Letterpress printing resist
resist L
Screen printing resist

—| Optical fiber, Optical disk

~] Paint Il Woodwork, Water-proof

b Hard-coating

— Solder-resist

L L

Coati — Screen printing
oating Ink
+—| Lithography, Gravure printing ]
" Adhesive — Overprint banish
Moldi :
A— 0 .ng, Dental material
Casting

Figure 3. General application of UV curable resin.
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2-6. iA7+E

A Asried T dAse M Az 3] vlE HeY RAE A}
oA Bomz @73 HEM AU, 1473t et Aol Fgs T
u] 4} 7} (microlithography)e] 7+ @ S3o] .

TA7EE 71e2 o Jleo] FHAY 2JE o] Fo] wEoAE A
R A, A A T AFAHL 4FE FE g0l 53] nANE e
MR A2 s ABE vASA FHANA RHHEES S

A Azxzel YH7IEZA wj wME FE:E a8k o

ﬂ
o

wv HHUUHHH/—~M,tgk

PR
SiO;
Silicon wafer

Rendered inscluble Rendered soluble

¢

Negative type Positive type
Figure 4. Schematic diagram of photolithography.
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(deep UV)E W= KiF A oA & F= A& Utk E£F ArF(193nm)
o] &Y A FHolHE o83 015m ol3Y UL e AEFL AY
371 A AFge] AAHIT Yok

2-7. 33 EANA(VFD) A8

Y3 EANTL VFD(Vacuum Fluorescent Display)”®&tn stn 23 @ 714 &
8% EA LAY AL E(cathode)d Tl A W& == AA7E 28 =(grid) A
ol o3 A= oJi:Z(anode)dFol U FFA FEs TFHE de
2 o 7HA A9 A 7beEh 33 BARL F2 oo dHGge F9
BEAYY A58 AA, 7t ede So AgHn A9 g3 gase o
=4 e EZS HAg

Y FANTLE TF 2xYoz 38 FALALCDIS} vliarsted Alozte] g
3RS BEAE A€ F Aok 9 A ol FFATE AuE o Oy
¥ Zet 78l foldtth. 87 ot F&Y sY ®wte] ofym, Moy =
fr2d Aol A sHedth O wgEABe AFBoz FRALE WY
(-40~85C)7F Wit 8] 1 At ol g9 Y 5S4 72 A7 HE
of ¥ £okll HEH2 Uk

g BAHRLE I FHF ded FRAcZ = MY 33 Ao 1
g AzH3 Y7 dEd o)AE AZAM JEHA F2E 2 50l YA
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Ex v g4 vled o A% §& FuF 37 729 A@eln.

Conductive
Layer

B [ oow o[ o ]
S S S

Lot her e o Lig
Emes on £ zxon £ 30

Figure 5. VFD structure and operating principle.

AAANEE FEAY Foi7l HA FEF AP 20mBEe] H2dol vl E(Ba), &
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A3, Fodol ¥ dedE HGE ANFe2H AHLE 257} 600~650TC
7 H1, 4dA wEdd

aY = A L7 HA GEE 2dds §o uviyo] 48 FHYR o
FolAd glerm, XE o] A (photo etching)®d F&%golth of7jol HFAYL 713l
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gt Ed A HEd ARAE 7%, FIAA o=z 3 FAY Bdz, o
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A= FEAH st dd FHoz PHE 54 T FH B 4FvFE
(AD 59 ¥ete] Tl 9o B4 HEd2 JFAE YAHAD A2 orld A
Aol A7bHE ellA 2 T =CA T, i AAV TEN ¥AAE
o7l AlA 2@k FHUASA AARHIZ e FFANEE dF o] 3 (peak
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3.4 #

3-1. A =

3-1-1. UVA Y +4

e EAE Feae =zZgEeoizA $84  acrylate prepolymer$!
A/A1924 (SK-ucb)& AH&3tch

a8 ZtuwAEAE 6@% =Exv<¢ DPHA(SK-ucb, dipentaerythritol
hexaacrylate) 2 DPCA-60(¥ ¥ 3}2}, dipentaerythritol hexaacrylate, modified
caprolactone) 2 A&t £ AFolA AME3 DPHA ¥ DPCA-60& 1
A, wiads, 23%, n3d, WFA, WA, WFEA, AN 53
olth? olg NuE& E 40 He AT

Table 4. Properties of monomer

Vi i Specific {Molecul
Acrylate | Functionality| oSy | opecihic [Molecular) | 1.
(cps, at 25C)| gravity | weight
DPHA 6 5,500~8,000 1.491 547 0.54
DPCA-60 6 900~ 2000 1.481 1,263 0.00

(* P.ILI : Primary Skin Irritation Index)

3-1-2. FF3 AAA

Irgacure907(¥ ¥ 3} ¢F, 2-methyl-1(4-methylthiopheny!)2-morphorinopropane-1
-on, aminoketone)& I1HHE-A wiol Pl 9 g H3Ao| 4D E UV
XA Pa, 23° 93, A28 J20 Y APt 2@ (MY,
isopropyl thioxthanthone)t= 3 33(440nm)G G712 Fstog Fub E£E= dka}
ol A% B2AE AgA = AEE BAA A

Irgacure 907 # ITXS UV ¥F+E54& 9, 240~260nm ¢ 370~410nm %
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o2 ITX7F F+540°] 943t dde] 290nm~330nm Abe}oll = Irgacure 907
o] FF5A0 $d. mEA o] FrHA FAAAE ol &3t dAwEE E
et ALRSE 43 BgHo] 200~450me) ARF F9 HAE L 5 ¢
=3

2% Irgacure 907& G522 ALSE wo A3&T & oF 20(m/min)e] 2, 0.25%
ITXE H718tq ERULE d+= 3F345E7 o 55(m/min)ol 22, 2% Irgacure
907 + 0.25% ITXE2 ERE Zo] 2% Irgacure 9070 G522 AH8d o wo}
A& e AL wao® gl 2 APdAE 99 ugda Ao
U, A3EEr UE w27 did 15% Irgacure 907 + 0.2% ITXE &§sto
AHEE AT E 5ol A¥ol ALLE Rieviol FANAY B F2AL Yehy
Atk
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Table 5. Chemical Structures of Monomer and Photoinitiators

a) Phosphor : Zn0O:Zn (Green)
b) Prepolymer : A/A1924
c) Monomer : DPHA

H:C=HC-C-0O-H:C CH2-O-C-CH=CHz:

HzC=CH-C-0-H:C-C-CHz-0O-CHz-C-CH>-O-C-CH=CH,

H2C=HC -?—O"HzC

)

d) Monomer : DPCA-60

CHz—O*(n?-CH=CH2
0

- _
-OCH:  CH:O- 0 Q
\C / —14C-(CH32)s0);-C-CH=CH:
6
/ N\
—OCHz CHz—O—CHy\ /CHzO -
Cc *‘—-(?—CH=CH2)0
/7 \ 0
-OCH: CH20-

e) Photoinitiator : Irgacure 907

f) Photoinitiator : ITX

0
|l __CH(CHy),

- 17 -



3-2. 2934

3-2-1. ¥3A Ho|2E Az

BG4 HolXE Azd AMEE AEE UVASY FA9 334 2L FAAAol
o AEY AzEe 9 £84 ZEnd A/A19249) ¥FA(ZnO:Zn)E &
¥t g2/t F%E £471(5Y BykAhE ARS8t 15ColA 1083 2,000rpm
o8 wfsch. axn #eVleE FYHY #71¢ ARt 9E 68%F B
! DPHA ¥ DPCA-60°] Z7/HAAA [-9073% ITXE EF38t 40TolA 1587
wikste] FAAAE W3 SHAN F, or]o] ASYAE 49 so|xEd H
7bal 15ColA 6083t 2000rpmo.2 wukste] AIRE AZxsh 53] ITX 2ol
F7HF 490 7 99e TFY Feole FAF ol AUdstm, Yo
Eo7kA FEE AUE wielyt Yesid ¥BH Aol2E9 AZWPEL 1Y 60
el Ao

3-2-2. vlAsa 34y

I8 72 AxE Ho|2EE o|&3d uAAE S HAIE BEe JERA
olRALE ¥EHLIYY PP 2 AFE VFD 7@ F2E EAF Rolth VFD o
=E 7189 f2E 9A EHEtn AR a2ln GFoiE SFd o3 e
YT F 239 AHE Tt HAEFE YATh Euo BAZFo] AHY S
£ gl Az PYBA FHo|2EE 23Y Ador ARFAN 0wt HEE
A AHE F A7le] WMol Qe vlAAEE viA3)E L¥¥FER UV
0W/emx12):x:3& Fol @ RBEF vd RES FEIUG. olu ALEH v}
23 AF3} 0] 150mel . 3 X (pitch)7F 300m] R, AZ3 7Aoo} 50mo] i
¥ A7} 100imQ) 2~ Eelo] X(stripe) FEf ] vlAA, EE(dot) 2717} 600X 600mo] 3
0] 50mol 3 W27t 660me SE Yelo) 2E vhAAE ALY

olgid WHoz dojA Huto] AN Lol £FE BFEY vxG REL A
7Astn AL S YN F 00TE 24859 2FFH7 42L AAS ¥ g%



€ @43t 2% AvFoz BFAYch old AL E Fde IFFLToF o9l
A= 365nmols, 10~20m)/cd’ BE2 =3 SP2u ojuf ALEF UVARA 4
€ v7tE R Peo)d,

3-2-3. 2454 23

UVESY +A2 948 uAdeel $4¢ 23548 o7 Ass YB3
WEol gelgls A8 WY £4NA AAsc Bk £ AT AL UV A
4 A% {718 BFREAE Lokl 9938 TGA(Thermal Gravity Analysis)Sh
SEME 2339t $4 TGAE ¥3A7t T8Y Heola 44 & 29 §7]89
AFFo] UL Mol Hir] W] e 54 Hefo] ogs] Wi YBME A9
@ UV 484 A% A7 245498 dEsa 24248 10mg W99
NEE IEE F7) /158NN 10T/ mns $E2 M00CHA $2A4 Age F
% 228 s 281 YA HPE S00CAM 14T &4 Fo| SEM
g Fo #7189 FRARE Yopugin

3-2-4. AL=A 54 33

& AgolMe 233 AHE o188l YJA| Mo]2EE AW A3y 2o
FZA Hol2Ee] HE2A 54¢ ZAdYY. dwF¥or ~3W AHE Holx
E Z2ALolug oo S nAe Aol EFE FEE o2y} 23y
J[A #FIUFL 2ARZ HolAEF Wojule wFIUE, BolA Bass viziy
5 BHE A dadFeln, old 3714 el de=A WiE p o}
gt maA slol2E9 HL2AE ZQsd “454" B FA4" HEs
= Aol T8t} yo(strain)@sle] @& AF @A & (storage modulus), VLT
(shear rate)oll m& 3 :(viscosity)¥3} 183 APLE o] WE L2 (stress) W3S
SASAT ol HH 2AE] YL FH8 5224 o|Fd Ho|AE A zo)
AoIA &2 ZAHWOR AH HolAE 5L otd 4 U7 WEo|r}
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DPHA or DPCA-60

A, TN S T A A K 3 M0 DT RPN 314

Irgaure 907

o T RSN 5 R 2 U 7

10~15 min,
mixing

solution

mixtures

y

add coupling

60min(2000rpm)mixing

paste complete

sohd screen printing

sus #325

v

]preheat(at 40T, Smin)lj

i

l UV-equsure [

l

[ water development

Figure 6. Manufacture process of paste.
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@D Ready to glass @ Washing to glass
® Silver wiring printing @ Insulation printing

Insulation layer

/——-Phosphor layer
-

Silver wiring

™\ Glass substrate

® Phosphor layer printing

Phosphor ﬁft \u_wlm

Insulation layer — [ 1 1 |

Glass substrate

® Photolithography

T T 1
@ Development  ® Formed pattern ® Firing

Figure 7. Manufacture process of anode pattern using photolithography.
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3-3.5 A

3-3-1. AdY¥H ¥4

dd ¢8d UHEAL Olympus BX60(Japan) #3t:vwF & A48z, [A
& ol A& 34E47](Optimas 6.2)& °| &34 £t

3-3-2. TGA ¥4

UV7Ze 859 94424 348 TGAR d45% 248 &g ol Arg8 3
A& Perkin-Elmer TGA 7(USA)& AH&&Hom 2e¢% F718& FUF Aedf
M € 2EE 10T/ mine2 F&A 700C7HA S48t

3-3-3. Hol2E9 Je2A 54

Hlol2E9 FHL2x EAMHL =Y Hakkerl9 RheoStress RSIS0E o] &3
ZA3s g o, ol 2= 25CTE 3T
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4. A3 92 3&F

4-1. Bxv] FHA BE YFA Aol2E9 HAEEH

AZd NgEE 23U AHE AW A432 ARl HY vl23E XA
AANE A F UxBFRE SFE QNS B0 YAH) AFEE =
B33 AH9 #HFYL YeEhle =3FE AU
AR =BFL 10~20ml/arZ A =3F oY Aol dEo] FAHA
%3, B =BF o)A Afole Aol }3to] d¥o] ol UA FA 5
A A8 AF2A 7taA 8L e 635 B2 FFHE 5wt 10wt%,
15wt%2 F7F A#A7IY AES5A4E AdESAY 63% Exvo o] 5wt
d Bele AE FA7 ARl @FHAoY, 10wtk ZYd A SolE HE F
Al AAHA & FFAI Bol FH=Ho AR AFHA UL S & F+ 3
A, o] AL 6FF Exvjr7} Bo L3HA] = BE4E 1z Ao AAHA
Bt A FFAI FAHAM YguE ddelgdn & F Yk

Table 6. Blend system of monomer/prepolymer/phosphor

Material Weight(%)
NO 1 2
Phosphor(ZnO:Zn) 50 50
Prepolymer 45 45
DPHA 5 0
Monomer
DPCA-60 0 5
Photo- Irgacure 907 1.5 15
initiator ITX 0.2 0.2
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A, & AFAAME 68F Zxvo FFE 5wt dASA s AFF
T 43y #57I% Agrt 9dE 68% v DPHAS DPCA-60< WAzl
HBA HAol2E(E 6914 Nol, No2)¢ Hd P& HEH

o7le] AHEE UVARY A= d7tEE Yeolug rlAag $3to Yg ¥
< FEE BAMNAZ UVAYAE F5de dgaga ool olaggolE
o BS7NEES} d2F)E THA Ast AAEY. el W gL 22
€ B7tal FE2E FASA Hol 22 ML W AAHA ¢n 3A @
Ay A7 3 =3FFoz e Y& AES Hgey A2 7o)
Mo Aol adA A ¥tk GEd HIAYL AME) 8 AA HAS
ol F4E g2 7idel A A, 150TAA 1AEL A E 5t Fa
£ 71899 olEARE AAZA ALAY 28ln 23 AHUyes HY
A Foll, viAsdo] AE vt2aE YHFAA =B w Y Hol2EN}
vtaFe RAEE A WA, @4 F HIZAY FHS A 40TAA 583
ol 8] 7} <& (preheat) 3] EHA HFAAo] oW HHE TEJT. 7)o wMH
’ol e nt23 & &el¥n UVEALE |l olg A18d nfa3e AEg o]
z Heles HER HFHo 77, 150me 50mE A7t 300pm, 100med 2714
A wt23E A} g

Ed AEFAE AUt HAZ HAL S dS F/HHY. o @ Wy
2 doid Rixn FHIF GE A doj2E9 Ay FA4L 1Y 84 o
Bt mAlsige] deg Ave] AEG ARSA T AWHYeW HIAA
Eg 7ol MElg &) oldd s $£EL & 5 AN

a9 8eld BEXo] 68 Ri-ujel DPHAYL Z#d slo]l2E0] ulsl DPCA-60
of X3¢ Hol2EV} o AZstn "xFRIL 5o 98 o ARo]l @AY
a, 3 271 B3] FEEE & 5 AU
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i

150m Line & Space 50um Line & Space

(a) by using DPHA 5wt%

I T

150im Line & Space 50 Line & Space

(b) by using DPCA-60 5wt%

Figure 8. Line & space pattern on glass substrate printed insulation.
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ojF9 dAFeME dEo] 2EZeX ¥Esl ojd XE Y2 W F9 v
A 2% 2Eo] /5HARE £E e vpAI(EE A717F 600X 600,
o] 50im, A7t 650m IEF vk2A)E o] &3] A F E(through hole)ol
P48 HEAF f FFA Hol2EE HYA AHEZ B+ F UV =38 F
WS ARG a2 &5 AT F AL ARE 39 9 109 JERY
At 2" 9, 10914 B nieh o] REZ HFHO] 50mrt HEE PAHIAL
Y, DPHAE ExH2AM AH4d 29 FWo| uygxw £E A7|7 23 &3}
A Eol=x EAH AT ol BF7I7H Azt DPCA-609) vl &7
el e €3¢ 50 AR dEE YA o)A,

DPCA-609] 7 %€ #lo|2E9 nAHER Q% 23d A ¥ v A3 ¢
2 Aol Yeigtoy, ¥ AYeA 278 dde a7 FHo| FYEA o] Fo
% DPHA7}F X%€ #o|2ENT 9588 & + AUk
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(b) magnification X 100

Figure 9. By using DPHA, dot & space pattern on glass substrate printed
insulation in which is through hole(dot width 600 X 600mm, space
width 50m).
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(b) magnification X100

Figure 10. By using DPCA-60, dot & space pattern on glass substrate
printed insulation in which is through hole(dot width 600 % 600:m,
space width 50¢m).
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4-2. ¥x v Fiod 4E YFA Moj2E9 2HFH

UVASAY A2 49 mAdde] ¢ HFEALS Ay s 83
Z UFol delde FAE AR 2A4ANA AAdl Fh 24B FlE 1 W
Fol Bzl AREA HE wFEAo] HoAANUA FHe] dIgF& uA @
o A Fad w9 245 433 Fasith 4719 Alge) YAt
A7 A e FHdA S AR TGAZALE L2454 & HES

Ay AT25E 685 Zxvw Hrtgo e FFA HolrE A4H4EHES
AES 2 237 7tuA 98 &= 63F Rxvo §Fo]l RolAFE 3F F
A7 el 35€ ¢ F UAUh oA studEst AW WA YA4H 1
WEdAd FA2 ¥y dEoltt gty 6% R Hrlgo] 10wt%o) 4 Y
Agole YFAe} e LFEHY] HRFFLEE LA 4L &) gEo
HeaA] 2L ¢ 5 AT 2 olF 9 AFANE BEIFE oy
#5571 Agst & 6%% Exv DPHA® DPCA-60°] Swt%d7te E A
of dAMT AHEAHS va YEIQA.

A DPHAZF &+#2 Al89 DPCA-60°] &#d Algo dhslx TGAS =A
o] Aol A#E I¢ 1191 JeEhiAT. DPHAS -9 < 150ToA FE3)
7V Alzks o] 370TColA FA8HA R8T, 500CAE oF 8wt%HE FFA
ol EAES & + gd 283 DPCA-60% A$= 100THA G871 A=}
o] 320CToA 543 4252 500CANE o 6wtB AL FFA R0l &4
TS & F A H7A 500CE 71202 A RS Yury o=z yPsjg ~3
Y A4 2 34 =¥ (spin coater) A2 TXHE HFoE AHLEE 450~
S500C = 3}7] o &olc}.

ol 2R FH ulle 2AFo IAFAHE o 54 DPCA-60°] £3d
Mgzt ¢FsitdsE g & F sldd olAe& DPCA-60°] #5713 A&7t
DPHAO wvlaiA Holx 7] del §a& FEF 27 YAHHU7 BFoletn
& 4 Ao
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1 i 1 1 J

300 400 500 600 700 800
Temperature (C)
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Figure 11. TGA measurement results((a) modified DPHA/prepolymer,

(b) modified DPCA-60/prepolymer 5/45wt% mixtures.).
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ol ZAERH R2(BOToMAME AFAEL AR AAHA fu 14
EEAFES ¢ F A9 28U g7l AP A8 AU A &
< ZHAA UVE ZAHete] A1 9Eo d@ Aot HAE ofrld
BA7E 50~60wt%s ETHEHY &5 FANCE FHAHE o} g vEYa
TE7F A4H7] ol $E2 AHENL 3T AT F A

AA &4 ¥ DPHAS DPCA-60& AM§3te] XEHLa#sgezs & 7
AR B FA 23 AH42 YA A9 vy HEo] EAste AL v
HESZ] A8 500CAM 248 ¥FAYd Wy F2E AAEVA(SEML 2
#FYstd dojd ARE a9 129 YA AWA 2}(a)E 6BF ExH
€ DPHA=Z A8# 799 SEMAZolR, FHA I1db)E 6% ExvE
DPCA-60c.2 AHE§ 799 SEM Atzlolth. AldA ad(c)e XEHLIa
Hol old 71E9 AFYU 232 JA=E YA Wde SEMAIHolth, DPHAS

= ZA8A AR #F5o] Aoy A PP 97 & (packing ratio)oll &
2 d¥el AL ¢ F U AA AFo) HE FU 23A AHE 4P ¥
B3 AP EAE AoVl P Aoz AdHEH, o 24N FHd o
ZE&o] AoiHn FAAY &3 YA 5L ETHE AL AL Y7 o
Aoz gddrh 283 SEM AdoA B £ glKe] IF §718, & UV

Q_]_
34 #x7t FFHA Y1 BT 248S ¢ A

=]
e
3
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Figure 12. SEM micrographs after firing.
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4-3. 4224 54

ol¢e] ZA3olX DPHAE AH8# F4A so|2EQ A¢ PFA ddo]
3o 717 A3 7Rl HA &1, TGAZH AAE FFFJo| Bernz
HBA nAREE YA 2ole Hol2ERA AGHA 4&E U F o
At BEA 7N E 844 UVASAY $A9% 34 EFAZ o] FA Ho
£LE9] YE2A 5L FEIV] A8 DPCA-60°] §/E AR dsfA 5
] AEAHE 2AHs PolA AAE 19 13, 14, 1591 YEhUT. olsh g
Hol2ES #HE2ZA 5L 233 AHA Ho2Ed JEAE A& 1
€ 784S AEE & Ao 28 HAH AR dHA #HeE2A 548 &
8 Fod olFe HYA OA ARE AXPYL 9 & EAHL AaY "W
flol HeeA 547 vu, AEY F, vZ ASZAN ALY  gloug &
¢ volHZ 888 4 g

WA 19 132258 7yo(stran)@A 3ol ©& A &4 &(storage modulus)E
B AFol #E Feoe S@4€ ¥yl adx veyA ¥28 ¢ £ Ao
oA YdWHH AHE Ho|2ENA Yeluis SA4o|tt

ag 149 = HAdE Z(shear rate)¥ o] M HE(viscosity)E e
HEEE7t 1sec D9 F$olE 400(Pa - s)ol Q™ ol AG&T o Zylo] i}
M FEaA =7 $etFdE € F A olRE e AdEEdAN FAFHY
9 &RFEIE 22 AdEkd A RAHAY] gE el SAojgn

AU45st 371902 $YE Bol ¥ A8e oudm Yok
AeEEINE HAEZYY Y] Yehtnz YAy Ea4Ad
e o= A= 3¢S dehhn Utk
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. Flou curve
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Figure 13. Strain vs storage modulus for binder / phospﬁor blends
(DPCA60 = 5wt%).
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e Flou curve

T Ml$24N.RSDI
—0—n |

n [Pa sl

1071 . 100
7 (5]

Figure 14. Shear rate vs viscosity for binder / phosphor blends

(DPCA60 = Swt%).
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Figure 15. Shear rate vs stress for binder / phosphor blends

(DPCA60 = 5wt%).
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5.4 &

TE&H4 UVARAY FAE o843 F7A viAdAd JYol disir HES) £
243 953 e 488 4y

D HAYE MMt Bz a2 AAa, dustd, ASYA drbe
MAAe] Ay Gl Adge & & Ak

2) 6% Rkl DPCA-60& At&3% 7 9= DPHARUT $-4% size control
o o]FoAE & F AJZ, vild 24 Fo FFARA HF SHE 53
T AL ¢ F JUTh ]2 S DPHAY dHl3) DPCA-60°] #+2% HETZE §
A7l dEeletn & F A

3) AA 24 Fol A ey dEol EASGEAE SEM A2 HES
= A3 ZEI}A FE5E ¢ 7 AN

4) DPCA-60& AI83 Hlo|2EQ HE=2x] EA4E HESF Z3, 2¥e Ads
EoAME HAERAA YEYEE FFAL EARHL o= AR AL S

% 4 Ak

ol4e] AEozRE 84 ZAEvig 685 Rxvg o] §3al 50mAA
o AAEE 5 22 W4 HsaHs] G 82 Asd Pges o4
AE Aol A5Ee ¢ & AU
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