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Photosensitive Barrier Rib Paste for PDP and Photolithographic Process
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Abstract: Barrier rib for the plasma display panel(PDP) was made by photolithographic process utilizing photosensitive barrier rib paste. The barrier
rib paste was prepared by first dissolving ethylcellulose(binder polymer) in butyl carbitol(BC)/butyl carbitol acetate(BCA) = 30/70 wt % mixture
solvent at 15 wt % concentration. To this solution a mixture of functional monomers consisted of tripropyleneglycol diacrylate/ pentaerythritol
triacrylate = 50/50 wt %, Irgacur 651 photoinitiator, and barrier rib powder were added and then the whole mixture was mixed in the three roll mill
for 2 hr. The effect of component and concentration of photosensitive barrier paste on the photolithographic process was studied. After optimization
of the paste formulation and photolithographic process, barrier rib could be obtained with good resolution up to 100 um height.
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1. =2 (paste)& 44 F72 AW =¥stzm Axd e, A8 pattern
9 vhxF(mask)E 58 AJAUV)d] =3 2 ?ﬂ*o‘%}‘f H4 &
Plasma display panel(PDP)% Penning 7}1#|(Xe-Ne, Xe-He ) AAA A8l

o &5 glow WdolN @HAHE plasmaz BE o AT 29 AR ZEEY g 43 A Fo]AEE PHO-B0s-SiOr-
’.‘i(—ri 147 nm)o] YFAE A7|NA A, = FAo ANFow In0E FARLE & glass friteh LFrUe) vz T
BHHE RS 0§ BREAZAY shro|cH1-4). 2 £9g vy 22 aHbinder polymer)st o] & £aA7)E &
PDPYl Qlol4 Z¥(barrier 1ib)e YA AEH} o2 A o A Bgd 4o £ gl gy wRA 2 UV

TLE PA TS AT, AHT 4 9 AN, BIY & BANAZ FHE A4 LA(vehicle)o] TUFA EANA Az
’d(crosstalk)% WAs] 98 PDPY &3 fr2] 719 %017}E 2. #3A4 FY Holres l%?ﬂ AR Az 9% PDP4
ZZoltt. PDPel lolA A¥L o7} ok 130 ym, B A A4 P4 e AY o2 AW ¥ Wed FHsy A
»‘?— Zo] o 50 ym, S5 Zo] o 70 ym, A 749 HX ]pm;h 7} 4 8 FA, F 160 pmel ol2E ”M*H AHAZ 34 A
oF 420 ym¢Q) FZ7} FE o]2: uHsl £ FAY BEAAL = EHL 7 }11 QYT # AFeA e
PDPS| olei#h 29 g Pyshe WHoRt 9la(screen printing) WY A Ao2ES Azsu 2 4R AN F30 o

¥, sand blast® @ A}E4ZHphotolithography)® o] ¢#lA it} € 29 4o A 93k g8 = ]‘E .
o] FelA A4H 2} sand blastBel g3 Ao FHL A 719

A7k AL DA% PDPYE H837] ol2i 97 ol AR 2.4
47040l )% Wl 398 A5 o6
AR €82S YAHSE FALE address AT 20,4 o

m o

Aol HA4H PDPY 3% $a 719 Yo 734 AW Fojx 234 A¥ HolXE(paste)d wIE ZEXZ ALSH ethyl
cellulose(EC):= Junsei ChemicalAle] AJ%bF& Ab&3lgom L)
Z AHE-¥ butyl carbitol(BC) 2 butyl carbitol acetate(BCA):
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54¢ dipentaerythritolhydroxyl pentaacrylate(DPHPA)S} 3#%
Q1 trimethylolpropane triacrylate(TMPTA), pentaerythritol tri-
acrylate(PETA) 2 trimethylolpropane ethoxytriacrylate(TMPETA),
2%%5%4%] trpropylene glycol diacrylate(TPGDA), 1,6-hexanediol
diacrylate(HDDA), ethylene gylcol dimethacrylate(EGDMA)=
AldrichAl8] Aekgoz 218893, F ANAZE Irgacur 184,
Irgacur 651 2 Darocur 1173 AldrichA}9] A|%bgF o2 AL&3th

2.2. 43N AY paste? M=

71EAQ 44 AW pasted Ax #3AL Bw WA ethyl
cellulose ¥k¢1H 1¥AE BC 2 BCA £ £w(BC/BCA = 30/70
wt %)l 15 wt %2 HEE WH1E ALgele] 2238 233819
t}. o] &) PETA 2 TPGDAS #& w54 w9} Irgacur
651 BAAAL] & WINA 7 Edstn F33) awdtatgrh
al7]ol glass frit @ ¢Fv|Uz FAE A9 FHE& 7|8 B
& F9% & ExaktAle 38 Z@(three roll mil)E AH43ld
TLA FANA 734 AY pasteE Azsgh
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A2 ZPE S o] 83
€ PDPY| &7 #2)7]
390 CollA 2087 A%E 3§
maskE E8to] 200~1000 mJ/em’® A719) 29X
A Ad Hol2EY FEF HEE AYAZ F 30~60% F9F &
&g ERE ved 298 AAsE
Az 3L AA 49 39 C
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2.4.1. UV spectrometry ¥ =37|

ARANZ FAR 249 AGRE FANAY ARE 98t UV-
visible spectrometer(ShimadzuAl UV-2100)08 o] &3t B7)AA|
o B4 £4& 4k UV =% A& 365 nmE F34d92 5
€ 1Y F25(mercury lamp)e FLoE A AL ALY
™ UV radiometerg ©] &3t ZRE 365 nm 3ol Ae] 347
£ 98 mW/em®ol §ith,

2.4.2. Thermogravimetric analysis(TGA)

734 A9 Ho|2ES vy 1¥AR AHEE 1ER A 29
24 E4e B7] 989 TGAMDupont 951 thermogravimetric
analyzer)E AHE-3l929 10 mg W9 ARE A4 7E oA
10 T/min®] $X2 800 T7HA $2AA Aa9 2% asg =
A3t

2.4.3. Viscometry

243 AY HolrEY HE 24 L Brookfield viscometer(DV
O+H)E ol8stgdem 21 ColA disk type®) RV spindle 07 A}
&34

2.4.4. Scanning electron microscopy

434 A9 Fol2EE o438 Y Awe PAL fied
emission scanning electron microscope(Hitachi S-4200)& o]&3
of #F3GT. AEE Au coating®2 AN on accelera-
ting voltage= 15 kVo]Qdt}.
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Figure 1. Effect of solvent mixture and concentration of ethyl
cellulose on the rheological properties.
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3.1, 242 AY pasted] FM ME
3.1.1. Binder polymer ¥ 2oj9] MA
AgA A9 dAol2Ee uly nRAE AR 7B 7
AU QA goy Ay wHol2EY ©¥ B4 9 #E 34
24 TR 4L vAY A E A4 L8
S 2 PDPY A¥E PAsted sty A%
Zl 9

"
r R

2 WA Aee d2AER =Y FFS 15 wt %2 a
BCA % BCZ 95 472 39< 9 Brookfield 3=A2 4%
A= WsE Yehidot Figure 1914 BC/BCA =30/70 wt % &
g o] HBEZQZE 20 wt %2 SHA N5 A A
E7F 6000 cps ol YR F3 PAER0=E 10 Y 5 wt
%2 &3A7] 2= 300 cps THeE HE7t Yo} bar coater®
el 718 Ad =2 o AR F$E 3 S(wetting) A ©]
vl =¥ BAo] ymy FRo) A= HAyA o] F TEI} o
& 222 JEldth BCA BCE 9% £ujg 3lu Jduass
LZ2E 15 wt %2 &3 S HEE 20 rpmolA S 2000
cps BER A9stg oy Ay Baste] s54o] wol ¥ 7H
T 71% 24 AUt " olste] A M= 20 rpmol
A 2000 cps BES] A AEE 7HAr X E40] Hojd BC/
BCA=30/70 wt % & &) NHYAEZOZE 15 wt %E &
A AL wld §902 s g kAol g gJake =}
£ 3tqoh

3.1.2. 254 chate) MA

B THAE AYH g Y FHAA e o)
TEE 4o 33 P (network) T2 1B JFAZ upA
Lo2A AM AHE 45eA sk 75 e 99dn g o9
A B GFAE AL TAHAA 2 HAAY, Dpe
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Table 1. Compatibility of Functional Monomers with Ethyl
Cellulose Solution

dg

* Amount(g) and Evaluation

Monomer Func. 05 25 35
Bubble Clearity | Bubble Clearity | Bubble Clearity
DPHA 5 O O A X X X
PETA 3 A O A O X O
TMPTA 3 X O X O X O
TMPE 3 X O X O X @)
TPGDA 2 O O @) O O O
HDDA 2 O O O O O O
EGDMA 2 O O O O O O
* Based on 5.0 g of ethyl cellulose solution
3
(a) Darocur 1173
© (b) Irgacur 184
l (c) Irgacur 651
o 27
o
c
8 @)
5 )
38
<,
(b)
0 : = ;
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Wavelength (nm)
Figure 2. UV absorption spectra of photoinitiators.

2 7+ (photo-sensitivity) $°l 43S " XA At

Table 12 BC/BCA = 30/70 wt % €3 £rjo] d2AE20 =
15 wt %2 2327 vy nEA 89 50 goll 2 A #FA4
DA S 05~35 g7tA EREAS o dBAEZe =99 £3
AL ARG Aotk 5HFA dFAd DPHAY 74 #leld 1&
A g3 ARG Aol dojon] 3@FAH TFAQ PETA,
TMPTA, TMPETAL &% £99 HEE ¥4 71X AA o

& Aoz g} wekA 2854 v TPGDAY 7}
A PEES EZoly] 98 3@5A 9FAQ F A9 RuHe g3
o] £& PETAZ 1:19 vH|&2 T3 734 FY Ho|2E
9] formulationd] =&AL

O o

3.1.3. ARl MY
ANAE A Fo & EajHo] FriTe FHAFoEA
zZ

@54 aFAel FTRE FEAN BBY A9 Aolxm FE
2 #FF L8 9L VAT 1% FeMHy AN 2
| $2 ol#

AYE AM B 254, 312, 365 nm FHY FFo
94 9o wa} photomask® AHEE glassE §

227 P} Photomask?] A9 4d T3} B2 F4 HAEE radio-
meter2 £4% 23 365 nm F}F9 F5EL % 10%, 312 nm
349 58S B%, 254 nm FFY FFES 100%2 e
w4 UV-Visible spectrometerg o] 43t9 o7 712 FAAIA
o] BESF spectrums FAME 23 Figure 2904 2.%¢] Darocur
1173 2 Irgacur 184 ®t} 365 nm ¥-TolA UV &5 peakE =2
ol Irgacur 6518 HAg FAAAZ AFsHh

FasE, A0 A 8 %, 199

H 20R H
H B oyovhe &
¥ L R BG4 R +

o] 0
20R H or CH20R
cellulose derivative

7
CH>0C—CH=CH2
Il (H) 2
HO-CH2-C- CH20C—CH=CH2 + CHz»= CH_C‘_O_(CSHGO)J“P:'—CH=CH1

| o
CHzO(“:—CH=CHz

PETA( pentaerythriotol triacrylate) TPGDA( tripropylene glycol triactylate)

+  Photoinitiator + Inorganic barrier rib materials

Scheme 1. Photopolymerization of photosensitive barrier rib
paste for PDP.

Process

B-Coatin
{(Screen printing)

Photosensitive Glass Paste
Substrate

I

Prebakin
(90°C/20min

UV Exposure
(200 - 600 mJ/cm?)

(Ethanol)

Firing
(550°C/30min)
Figure 3. Formation of PDP barrier rib by photolithographic
process.

3.2, Z4EAM AY paste?] AXINZE ZH M
3.2.1. Z34M Y paste®| 7|2 formulation

AR g0 o3 PDPY A¥E YAE F A= 738 49
gloj2Eel ZAAM wFo] A% F WE 7|FE scheme 1o e
d Ad go] XA Bz A% AT TFA £ tu
dhgol oFEach of7lolA By TRAE Fukdo] s &
on Ay Huo AZA 2 AY HojrEY X AN ¥
S 243 715 3z it

o Aol dF® #BFA A" HorEY HEES AEd
formulation 2 A4 ZE FAo] #3 7lx HYS Ao T
A AY Fo|2EZ 0|43 PDPY A ¥4 HAL Figure 3%
Zoh 234 3y dolAEY AZE WA vy TEAR] €
AZ2292 075 g& BC/BCA=30/70 wt % & & 425 gol
zoln orld HeA dFAZA PETASH TPGDA 747 1.0 g¥
Hatn FAANAZA Irgacur 6512 04 g B3 e HAAE ¢4
Al o] A3 £ dlo]Z(vehicle)E WEUD TS HloZF
AW B BAHZ 40:60 wt % HIEE A1 3B 232 wd
A EAAA AE Ho|2EE AZFAT olFA Axd #AFA
2y #Ho|2EE 150 ym®] FAE 7HAE bar-coaterg ©] 43t
59 718 Yol AW EX3T QO CollA 2087 Azsg
9 ZA¥ =% 99| photomaskE RAEAN T AJHE =%
S 98 /1A &uE Agstd @4AE ZASHET @42
g &g 7|83 25 cmy HFA 2ZEolE o83t 60
ob &g ER5gTh Table 2914 H%o| wehe dee
= A}
7}

o

xa Y e
DR e oft o SLORN

Q3 olree] EFEUE B4 §uE AET BS 84
We3, e F Jdues B Y 409 A9 ¥
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Table 2. Effect of Developing Solvent on the Barrier Rib
Structure of PDP

Developing Sharpness of  Adhesion to
Solvents speed rib barrier  glass substrate
Methanol
THF
Toluene
Ethanol

Isopropy! alcohol
Toluene : EtOH (5:5)
Toluene : EtOH (3:7)

OCOxOPpDP>O
OOD>POD> D> P
D> D>DOOOD

Aol s (sharpness)7t £oH fa 7|@3}e] RE¥e THF
(tetrahydrofuran), E5d 2 J&&o2 AN A$ Ad =g
WAEHA] ga $43% Aoz yehdt) neka ?‘ﬂ% &= 9§y
‘:7P 6}4— 44 dAde 2] glv Jeeg dAN 4n=
oL} o]2xRY °a‘_?’_—%(lsopropyl alcohol) ¢} 7

< %’%"é% %2‘4 -84 (wetting) o] 7? e 7% SR HE
sto] RAES GFAI7I 02 H4E Ayo] 4% g¥ah= Ao
#EEH
3.2.2. 454 oA Y =F Azt ME AEIAZ BF

By AH Jﬂ°]"E 7]€ formulationd| A ®lo]E: Ay Bg
£ FA MR 40:60 wt %2 23T VA dBAY TS
WAL o =% A7) o2 ZY dEHe FAL zAled
Table 3ol AHA. B4 ZAY HolAEE 400 ymd T

(open space)2 7}A|& bar- oatﬁri 8 71 Yo AY =¥ 3
O 90 CTolM 2087 A% F 10 mW/em'd A7E 7 e
B71E o] &8t 20z2904 IOOZW}X] B stgeH, s
4 Svi2 ARESIATh Table 3004 234 AW Hoj2E Az

RF-1 % 2& 24 W @54 d4q7 B2 =3 Arje
1000 ml/em’ 747 FANAE b DEs} Yol @4 BAGA 2
¥ delo] 245U RF-5 ASE #54 o3AY do] =o}
=% A7I7E ol #Fg uhgo] Ways o sEle] AR5l
photomask®] HE £ 80 ymEtt A ¥ 110~120 ym A
59 Hd F& FAER )4 Z(resolution) 7} "“:]- RF-3 A&

T =3 Al #E AS @4 BN d4d 2 ey =
MeE7t AAEE d4ol J&’—J-‘ﬂ?&@% RF-49 7%= 344 2
9| 4%, sharpness D #8] 7Bl 3 Hatgo] $31g)

b

l‘

H‘

3.2.3. AN A AHY ol Hato| ME I

(b) Monomer/photoinitiator =
100/20 wt %

(a) Monomer/photoinitiator =
100/15 wt %

(¢) Vehicle/powder = 30/70 wt % (d) Vehicle/powder = 40/60 wt %

Figure 4. Effect of photoinintiator and barrier rib powder
content on the photolithographic process.

ArstAtt. Figure 49 (a)dlA BXo] BAAA7} %ﬂr
e 15 wt %2 &) A& A Furgo] $A3F
st @44 F9 HEio] AAEHN oY BN A %
S i) 20%Y gE (belA 55l Auel i
Site] o] $4:514 vehdth
A A R glass fritd} LFrve w4 J2 FAH
Aed, ¢FUVYE &7 ExdM A 12 JEE SAFE
JEE 3 glass frite 24 LEOA LFn} Bat AJo)g
=& viscous flowoll 23t} A o] 71Fol =
Ho] PHHEE st A2E 3 Glass frite ®d
Hol i 2] 713 HAHEE = B_?’L %
formulationol A #iQld, &, B5A TEA)
& IR Ay B e wsiazg 73 ER
29 Hl7} 20:80 wt %M E AY Bwe] Fako] YT wol F
dgt &l 0131*?- A2 Yepton vlo|d: A4y B9 by}
30:70 wt %% H$- Hlo|FY BLA °ok§3} Figure 49 (c)
Al
0

L
=X
-0l
AN Y ol

=
*
i
>

o )(n
R
9,

oA HFo] 7}?’L ‘257} wol AR A FEo) i*‘&]‘}it} ]
olF: A BT Hl7t 40:60 wt %3 A%+ Figure 49 (1A
HXo] Ade e A 2 e J9e Baeo] 9adc)

;F.é

3.2.4. &4 379l 84

gg 4] AYo|A RF-4 formulationd] A upold], &uf B34 ARz ) Fdd AY dde 24 FAA ey 1
FA 2 vlo]F: Aw Bool HE 40:60 wt %2 nAST I 4 8 e 7180l BaH AAHT 218 Ay Ruo] &
7}]}4;1] (Irgacur 651)9) &3 Wslo] WS A} A7434 EXHLS 2 2] Ay F4E o)FA "tk 24 F 7180 FFEE A4
Table 3. Formulation of Photosensitive Barrier Rib Paste and Photolithographic Process
] Formulation Irradiation density and pattern shape
Barrier
rib paste EC BC/BCA PETA/TPGDA  Photo-initiator Barrier 200 400 600 800 1000
(30:70) a:1n rib powder | mJ/em® mJ/em®  mJ/em’ mJ/em®  m)/em’
RF-1 075 g 425 g 05 (025:0.25) 04 ¢g 88 ¢ X X X A A
RF-2 075 g 425 g 1.0 (05:05) 04 g 96 g X X X A A
RF-3 075 g 425 g 15 (0.75:0.75) 04 g 1035 g A A O O O
RF-4 075 g 425 g 20 (1.0:1.0) 04 g llg A O O O O
RF-5 075 g 425 g 30 (15:15) 04 g 126 g O O O O O
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Figure 5. TGA analysis of barrier rib after UV irradiation.
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ARAZY e o8] Fetzvl taZde] Hd(PDP)Y ZH
Ast7]) Asted 44 A9 Ho|2EE Azt vy L&A
£, e w3A 2 UV 3NAG 2 74 ARl A}
2zb FA nAE 9FE 2ABIY HAAgsgon ey e
A2 A

D 234 2Y so]2EQ HiQly IEAZ JPHAERQZ
BC/BCA =30/70 wt % &% &ufo] 15 wt %2 &3]3 Aol

of A +ugd 54S el

2) B5A GFEFAd glojME 285A Tl TPGDAS 3#

r%m

F4se A104 A 8 &, 199

(b) RF-4 photosensitivie barrier rib fabricated by 300 ym bar coater

Figure 6. SEM image of barrier rib after firing process.

olm Aw Puse 340 TS PETAZ 1:19 H&E &
Aol &3 A 2 °H"“:E UEh)g o

3) FANAZE 366 nm HI2NAM UV T4 peskE Hole
Irgacur 651°] Agstxm A SvizE dego) A I 2
FaE Ggfo] AUt

1) AR AW so|iEY YR, 24
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