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Abstract

We have manufactured a photoresist which has excellent dispersity and good
applying property due to 330cps of viscosity for environment-friendly and economical
maskless screen plate making. And the photoresist applied on the screen stretched
was exposed without mask by beam projector with CRT light source. Then it was
~ developed by air spray with 1.7kgf/ct of injection pressure. The pencil hardness and
solvent resistance of curing photoresist film were worse than those of conventional
photoresist film and the maximum resolution of line image formed by maskless
screen plate making was 0.5 mm since the exposure system for maskless plate
making has weak light intensity and the diffusion of light. But we could obtain
maskless screen plate which has sharp edges of line image and confirm a possibility
of dry development process by air spray method.
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sl A3 A A26d A1E 2008,

oz PAste] 4Ast FANA YEF # S UE §, @ A9 Y25 2N o
ool HHRS] eZYe Bal AAMAZ Dol A7)E Yol o] FA 237 A
928 234 B % FAAANE At THsss] Gl AT 5 Q& 92

AR FAE SRR oy JHR] FA4S 7HR EA 4 A4t
7tssieh EI A FAo) ZL_'B'} , HA A7t 7HsdtH, A5 o8 &0 =
i, Y=o Al vl 34 IOOﬂmO] stel Wel YA E ZtestA Har Aot ol #F
o2 7tA ZAHd o4 -’—‘-3-?:1 A= FA PCB(Printed circuit board) ¥%+ o}ue},
LCD(Liquid crystal display), PDP(Plasma display panel), ¥+7] EL(Electroluminescence) %
display ## A7|, AX BF AR BE Hopd &3 HEH lon 7], AR
Aol A4 sez &y Fu Qopir

23y e FAHL A LnFEH, AR, JHE oJFHA e, of T AH2 A
PC 93 948 — vtad A& - FA 4% - TEHYA2E EX - vtAd =3 —
2 Aol AL AX gsstA Ao 2y ol AR A F, viAA AF H
] A4 FACNA ke #HY 2 HSrE SASA Ha, Alde] 458 Fole F

T XBFHolA & ARl RAsA o EI wiiAE *}%
o vi2a HE9 HA 2F B H 2F BT, vtz dF9 A4 @I H
gp7h sk, vpaa &9 B A4V HedA HAe £ARC] Ao ot
ARE AA3E7] sl AR FHAA vi2A7 R AW =] 7He 3 maskless
F A" A @RS o] &8 F4 Aol obd A I TAHS AL
& TAAA ZAsE tFe HY R Ha, EF HIEEe] TASHA ¥, vr=A
o] R HEHR YFNANY EFS YW F AoH, PCAl 4#€HE 91E vtx=a A%
A glo] vtz Y =33 o] o2 N In-Line systemol &g AFd T4 Alte] o
D AQALA BRAto] JbsdE Aoz ZgEg PR B AgodME o) d 13 AR
A A ¢l maskless A FAHE 93 maskless§ =3 2L 74 Y A2HE o] 83l
a4 ABE sz, vk ZF{FAT obd maskless Al W8 photoresistE A £+
E4S HEA.
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2-1. Maskless& 3¢ AA FH

Table 19 A dutxy o=z ALHT Qe 23 A9 AR FFF & AN
A8t AT TAHL vl AYsiar. 8z L3y TAAA film B+ glassE A A
A2 st vhaZ(mask)7t AZRLHI, o8 ol &% AE =3 B AFAFE B)g o &
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Maskless & 23 d A 7]& A3H(1)

st &4 FAS 53] 239 Ao gadh AT B AFAAE vtaA AF} FA
glo] PCol dd8d 917t =3 A2"dg T3 vz2 Yy =35 O EZMH maskless
Fol 7hsstAl Hi, £ dH4AE AFR3HA R air sprayE ol 8t DA Y2
53 AR ﬂﬁﬁ}ﬁq o]RA wAa AFR FTAHIY F2A Y FTHo UAFHLEZMN,
o] FANN HAE F v HAH #
o wlx3 WE FAHAA LA $
g7 os& #HAE F Qe vA2A
M3l Fo] dAsR gA dd. 19 &
F &3, Al FHEHE F S
ot ol wA3a A Z} FA o 3%%9—?“1 d3te Ad FFE HAIL PC FAPG%
£ B3 vE 4 Qo HEsEA A& ]
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Table 1. Comparative Conventional and Novel Plate Making Processes of Screen Printing

Conventional Process Novel Process
Inputting a Copy into PC Inputting a Copy into PC
v v

Manufacturing a Mask
v
Stretching Screen and Stretching Screen and
Attaching it to Frame Attaching it to Frame
v v
Applying Photoresist & Drying Applying Photoresist
v v
Exposing with Mask Exposing without Mask
v v
Wet-Developing & Drying Dry-Developing
v v
Completing Plate Making Completing Plate Making

2-2. Maskless®& photoresist A =%

2-2—-1. Photoresist& #nlelg $3
B A3 A = photoresist& vl FAZH UV 438 $AE ARESR L, 1 &4
€ Table 29] YEMNAT. Photoresistoll A1 BFQITY 4X]= photoresist®] E4& ZAA
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0% EX AAQEILLEA 5A), TA dist AFZHE, A4, sy
%‘ Z YFS v B AFoA AlzH photoresist-l—:- H
719 o8] HAF Yol EXFHH of 43 =X HA

& ZtFHol 3, =xd —?— ]—E A =33 AlAwe] FYo o HA 2 Y
g, 183 v =35 &L ar spraydl &3 58 G E ZFH ok sigt. B of
Uk, A3ld Fi2 2389 vHEd580 Hu2 ALty HEHo|l FIof

23H AH A, 2R vhEo F Aviof 3, A&t I3 F9 &4 L A 3—‘1
of g WekFEAdol $-stdol gtk o] EE EA JF & Fd¥EE vAe Ao
photoresist®] H}QIT] FX|ojm, & AFNA+= olgd HE Adste =& H4g A 7
= a8 % HEAEE e AEZAA otaEHolE +X(EB 9695 SK-cytec(F))
o} Hag 9 JofFAdol 43 FHeA oladEdelE £X(APU 1000, SK-cytec

(F)E TS vhAY FAZ AEFAT,

Table 2. The Properties of Binder Resins for Photoresist

It UV Curing Resin
ems EB 9695 APU 1000
e Epoxy Acrylate
Composition (Cresol Type) Urethane Acrylate

Molecular Weight 25,000 35,000-
(Mw) -30,000 50,000

Tg Temperature(T) 55.2 32.6
Viscosity (mpa - s) 32,000 80,000

Base Solvent PGMEA BA

Solid (N.V, %) 65 60

(PGMEA : Propylene Glycol Monomethyl Ether Acetate, BA : Butyl Acetate)

2-2-2. Photoresist A=

B A A maskless& photoresistE A|Z38}7] 93 Table 33 22 Z§H|E paste
E Ax3At. AZXE photoresistll & 479 vidE F32 9o ddF e} H|3HdF-9
TEE AT £2%FY 54 H5QYOD7E HIPHA AL, vy FA 49 A& #2335
Aol 3% 68%F vy DPHA(d1pentaerythntolhexaacrylate, SK-Cytec(FF))¢} 385
2 - TMP3EOTA(trimethylolpropane triacrylate, modified EQ, SK-Cytec(5))7} Z}+
Z} A gEAch =3 E Ao maskless® =3 A" FAdo wg A7) ksl
7hAE g9 e w3 534S 71X 32 9lo] photoresistol]l AMEEE FFEMAIAE 7HA
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Maskless-& 239 A 7]& Ad4(1)

3 JA7RA ESF FZEL M3 9 Irgacure 784(Ciba)E AME-3 L, F7)A A7}
2% Aeolnz §3igo] 4% A (NMP(1-methyl-2-pyrrolidone))oll =< A}-8-38}

At}. 18] 1 photoresist?] E=EEXHAAE 93t vilE £3 9 Exwet 84 FL&
PGMEA (propylene glycol monomethyl ether acetate)& A2 AME-31%H 3, 2243, ¥
A3 g Y8l BYKARY] A2 A 2 BAAE 242 AME-stith

Table 3. The Formulation of Photoresist

_ _ Mill Base ] _

Pigment Solvent Monomer Dispersant
2Y 301 PGMEA DPHA TMP3EOTA| BYK-163

Wt(%) 2 10 7.5 7.5 0.5

| _ Clear Resist

Binder Resin Photoinitiator Solvent Defoamer
EB 9695 APU 1000 1-784 NMP BYK-Ab35

Wt(%) 40 30 0.8 1.2 0.5

olz] g A FEE A3t photoresistE A R3= TAE Fig. 1o eI, HA <t
g2 84 BA3NY e BAAE Yz 14 w97 (Dispermat CV, Germany)E ©)
23l 2000rpm&. 2 90minZt ¥} =" (beads—mill) o :
o] W Y474 1mme A|ZIFYoKzirconia) AZ 9 HZE HuolL ko 3] 1:1 TF
H 2 H7lsle E4st o 2 oo vl 39k EAld =< FAAASG LAXEAE
W =Y 3£ nukz]|2 500rpmoll A 30minZt 2wk O 2R clear resistE ¥HEr) wl
A2t o 2 millbase$} clear resistE &Y 1S U7 E &8 500mpmoE 30min{t nEl
3l o 2 W maskless® photoresistE <A 3153 ot

ot || sowvent || M of ant Binder Photoinitiator De
Pigme 0 onomer ers efoamer
’ l I P ] resin + Solvent
¢ 2000 rpm 90 min — 300 rpm 3¢ min
Mill base Clear resist

e Y00 rpm 30 min
..

Photoresist complete

Fig. 1. The manufacturing process of photoresist.
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2-3. Maskless$ =3 2 14 @4 A 29

& A4 AEHE photoresistE WA S o|&3l] 23YU FAF o EEFJ I, 0
W =¥ A3 FAs 2AAHI AHH 2+t 1314 =X o2 N of Ime F
AL AR 23dH FAF ol =EXd wet AH 9 73 2HL maske}e] contact 34 ©]
7] i dxe Az T4 flo] BtE maskless =FS G B A A&
maskless§& =% AlZ=¥S Fig. 29 Yt 45t ALF8 PCol Fig. 33 & ¥
& 488, =3 FAE A dutF oz AlgHI J¥ CRT #Y9E 7H¥ beam
projector(MP7630, 3M)E Ah&3t =3 Ax|e 239 5(320x320mm)Ake] 9] A E
900mm, =3 WA Z 150x150mm, =3 A]{HS 3minl.2 3t o] 0] x| gk 94l

4l maskless =32 39t}

Exposure: distance : 900 mm
Plate fraine area | 320x32A) mm
Exposure area - 150x 150 mm

Fig. 2. The exposure system of maskless screen plate making.

10 mm Bmn Z2mm I om 05 mm 01 mm
Fig. 3. The pattern image of copy for maskless screen plate making.

a3 =3F Wg wkx] ke vlnx-BR o] photoresistE Al ASH7] Y&l air spray s
¢ dA @48 e, o] o air sprayd =F HA L 3molil, EAA ¢E€S
1.7kgf/cef, spray®} 22 #3139l Ag = 3em, A A2 50~60sE 3HH o
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Maskless® £3d A 7|« AF(1)

2-4. &4

A ZE maskless =3 ¥ A F-L photoresiste] EAF EXA-E KS M241(=E8 9 |3 =
Alg ")) £3l9 grindometer(BYK Gardner, Germany)& Al&3td A& q 1, 3
& #1|Z(Olympus BX60, Japan)S £3& 2 A4S #&A3 ). E3F photoresiste] A
% A&E& HAAKE RheoScope 1(HAAKE, Germany)S o] &3l =A3Hx, ola A
A A 7ol Ibmm HPFoli, A5 7HHL 0.8mm=E HAAsPoH, FHALEE BT
kATt Maskless& =33 AXo 9& Asld oo AEE A7 Y8l KS M
ISO 151849 oA sty dE A=E SAHsH L, old 7IlE F9 FA= 750g°] A
of =3 AstE =Y W8AAdE SAs7] Y3 [PAGsopropylalchol), EA(ethylacetate),
Xylene, Aceone, NMP(n-methylpyrrolidone)o] ztz} A3 ==& 1hE<¢ A3 F,
el ZElE #ERAES T BEIAT. 1 maskless AT Al AElof <] 3
Alge] 59 HEY P4 S JAnA S T3 FESHE, ARE 23 4%
2 o]&3t Ag paste2 2=Zd QU3 Fo HY L Ay AYXE F& Ho]g L A
7] A& A7) 3541 resistance HiTester(HIOKI, Japan)E ©]&3le =A 3l th

3. 23 ¢ u#

3-1. Maskless& photoresist?] #4454 2 Ax A%

2 A3 A A=3I maskless& photoresist= A F-o} v Hd R 2THE &) A=
ol =M ARE AR, o] ¢8It vidY Fol & EAE X ¢ oW photoresist<]
=AY, A3, W74 T SH4LE ART F Uk gy 2 AFdAM Az
photoresist®] FAHEA S FAdHNL, 2 AFHE Fig. 49 YeEl A}, GrindometerS

= AEY 423, Fig. 494 Yeld AHE 3me A FET ol
3 olste] HAANME FYo] Ye A Fe $43% B

5ol A beads-mill £4F & 3l resist &9 g5 YAIL vf
AY Soll & BAHY Y& ¢ F AN, o= A3 A2 73T BN 74T
ROE AlgE)

Fig. 59 photoresiste] Ad@&E H3ld g Ax ASS Vel Photoresist]
AL As2 WIS o83t AL Yo resistE =X uf, 7 EF FHAd 2 FF&
N XA Fc}, B AFo A A Z3 photoresists A ZAMHE & F QFo] ATE&T 9
Asltol] w2l =7t Aol 4ASY newtonian flowol] 7H7le AZE S Holm ¢i1, o
| resist®] HE+ ¢9F 330cpseltt. A& =7l F71ge] waEl Axrt 2 A= shear
thinning 7% ¢] photoresisty =¥ £%7F WE oo FE5Ao] 53t WAl & A
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A HARH =¥ 2o ZutE JAE7F FUHEHA Hol EXE 7R ddy S-AL £
A A 2 Adoh. B A F photoresist®] A-F, 330cpsTE R HF X2 newtonian
flowe] 545 7 UdFo=2M BAd o3 HAL o =xd of ¥ FAo] ¢
R, AFe HAygdgd £33 3R AT @& FE 9} newtonian flowel ¢
3 =X E=9o FAZE ghol Y A Fole AV U ACE AZHET

Grindometer Position

104m 3pm

Fig. 4. The dispersity result of photoresist.

i [ == —Photoresist I
1000 | L ,
g .____"""“““——'——?-l““""".h“"'*l-l S R —
o
2 ]
§ 100 |
2 '
>
10|
: L L L L L1 1 li L i L . L L L L b A
0.1 1 10 100

Shear rate{1/s)

Fig. 5. The shear rate dependence of viscosity for photoresist.
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Maskless & 23 ¥ AH 7]& AF-(1)

3-2. Maskless£ photoresist 735}‘3}94 24

WAL o photoresistE =X ¥ =3 2 Y FAHES FI AsEHo SAZR #AF
0o 23y #e HFAY 98-S 6‘]'71] gt} o] HFAHARE 23Y Ho 43 W
HE 8] 238 AHA &2FAR Y vlFd HAYes A 42 Fol 29 e &4 2
AR EAlo Addes WEAALES o gtk £ A8 maskless§& =3 Al2"o] ¢

3] 7Z3t€ photoresist e FEE A9 7§E F4& &3 #Adsiix, 2 AFE
Fig. 69 el 28|32 A A#d F< dolx +£X-PVAA 7% -ﬂ-*ﬂ(Dlrasol 22,
Fuji film) 7Z3l2te] ZA=9 vusty AESFHET. 1 27, dA Ald T 43 4
A3l d¥ FAx+ 4He d8d = m7#39|A ¥ 5HYH =39+ dtd B2 ”é?ﬂ"ﬂ’"] Al
Z ¥ photoresist 8392 2HS |HAANFE Fdo] Yeht 4 Al FUA 7FF 7A
Astete] nHla] FAx7F 4% AE & F YA

Conventional Photoresist Novel Photoresist

F‘ === —

4H Z2H

Fig. 6. The pencil hardness results of photoresist films.

Fig. 79l= & 239 photoresist 4392 &4 EA4E A Ad T % &
73 3493 H]iﬂﬁ]'c’i HEMY AT HE&AG B AEd AEH 53R &A= A ==
YAE MAA AZ AMEFHAY & He] A3 EAER o|FAAH Uvh Fig. 79 AFH 9}
2ol B3atel YEAALLE A A8 T AR FA FeHe] B, 5FFY A4 BEF
A g WAL Holal e WY, B A3 A AZF photoresist 23S IPAS
acetones AL Uz LAAA xute] A& 2 BIAZe] Yeluys 5 iAol ¢
A3E Holi gt}

rir ol

2
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Conventional

Phres st Novel Photoresist

L#

Before
Dipping In
Solvent

IPA

EA

Xylene

Acetone

NMP

Fig. 7. Images of curing photoresist films after dipping in solvents for 1h.

Photoresist 7A3l2te] A% 2 U&AAH A d3dE 33 B AgolA A=F photoresist
Aztete 23 Qe HgAEZA I EAo] AFHE AT Hl&] oS & F
AT} o] AL photoresistd HFITE FX ¢ 4 A7 E b maskless§ =3 A"
o] BAlZ AT, E Ay ALgH =3 FX 9 FY AVIZF UF sty AHInE
838 AgA71A B3 A= goddrt

3-3. Maskless 233 A9 #g F4H4 L A4 A3

B 239 maskless§ =% A" 9 air sprayS o] &3 A4 @A 93 AFH
238 QA HAY S Fig. 89 YEYUTLE Fig. 3¢ #E olnR & PCo
3t beam projector® E 3| maskless =333 ¥ air sprayol o3& 74 4% A=
M 0.lmne] & 7}z AL beam projector? #F A A o] o8 RF A3tEHo 3HA
B2 A2 8 &2 05mme ¢F 0.88m=E, lmne 1.5m=E A FE ATl Maskless =
B A)2="o e F G4 air sprayel] & A A FAHANA L over-blowing©ll 2
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Maskless& 23 ¥ AW 7|& (1)

d Add -] X 227t HASRAA R, 7HEAE I A

ol 27F &3l air spray°l g A4 a‘ﬂ"?}iﬂ S

Y V : ’, _.o-'. ..
LY o~ L

e *«'3,‘*, e

N e

F 1g 8. The pattern image of maskless screen plate.

o) g3te] 23U AHH )
BE AEe] sHgRE st AR
A5

y}.e.
=

Fig. 9ol B Ao A A|lHE maskless 232 <ldu
‘-JrEhH‘ii‘:} ALE3E 43I+ Ag pasteEA U3 23S
e ¥dHol LA YEihve § d39d EEAH 4TS
23% AHEd Ag B9 AU A=A 08Q/me.2 et

Fig. 9. The Ag patten image screen—printed using maskless screen plate

4. 4 &

Ao A= maskless& 23 AP 7]&o] T3 AT73Y] 98 BAAH L =X F
Azst¥ 3, CRT #9E€ 712 beam projectorE

o] 943 maskless& photoresistE
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air spray& ©]-8&3te] @4 N &3t
FS PRt ol E$ maskless& 23
d AP 7lsd o3 A, Hee 23 HE HEo] HASHA &3, AW FHol &
%518, In-Line systemo| 7Fs¥ ZdAFola, &3¢ 2ad A4 AAS 49
= dh. 2y Fhe FAT 7 st =3 A, %1‘ gLk digol I

=3 Aladd] 93] AFad =99 Fx 2 YEAALLE A AluE 9
of v3] doHi, AP 7t AR dEFEx 0b5mrt ARG 22 A X
2ol 7tAA e 7f AFE 3 AHE T3 air spray Walol 9% A4 AN A9 M5 E

5
FAY 4 Ak

o] &3} maskless-& =% A2=& TET)
&2 Aol old air BEARLA ol o A FHA

s
o
ox .

A A2 maskless-& A~3H AF-S 7] $3] photoresist
=1 dd ZFAE @A FE&IFHA e AFgs olEFe=E
A E 02 AEsrldE &S AW AYE IAJY. 1Y
b ]-E Hi—r— maskless-g- _,_% *]"E“ L 74&] A A2 223 ol AW\ AL
el o]

7]

ha
R

>
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