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Development of Fine Pattern Printing System

Gab-Hee Lee

Department of Graphic Arts Engineering, Graduate School of Industry,

Pukyong National University

Abstract

Fine pattern printing technology is being widely used for PDP, LCD, EL, semi
conductors, and other electrical devices. Although Domestic companies such as
Samsung Electronic Co. and LG Electronic Co. are also trying to introduce fine
pattern printing technology, competitiveness of Korea is still being at low level, due
to the technology transfer avoidance of advanced country and expensiveness of
experimental equipments.

Therefore, the presents most opportune for following up this technology, if
research Institute and academic research center collaborate with industrial
company which has key technologies of element parts and factory automation
based on mature manufacturing experience.

Productivity improvement decreases time and cost of the fine pattern printing
and makes companies have market competitiveness. Domestic development of the
fine pattern technology contributes to a small and medium enterprises’
manufacturing technology improvement of high value—added products such as
advanced electrical parts. Import substitution and export increase can also be
expected. Fine pattern printing system can alternate photo lithography equipment
and it can be helpful for environmental protection due to the adequate use of
paste without binder.

This technology can also make electrical parts and auto—mobile parts smaller,
lighter, and more efficient. It leads naturally to enhancement of people life and

culture.
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1-1. /pd=A9] AL

HZ Az 2 AEaRg) B REe A, ngxs) uhast Aol uet Jde
vl e P4 o] A o] oS a7, AAR Y] Alzd] Qi A=t
AE A=A dolA AEA, A, Ed =8 5o

PDP, LCD, VFD, FED, +7IEL % FPD(Flat Panel Display)*]3d°] A 718 F4)
ojc}, ojo} e H t]xZdo] AFole AAAUAMUE o] &3t HriG o] Hol o]F
ojz a1 gtk efvt AN E 1 m|ASKfine pattern), AL ES} A, @A AL
453 Qe 23U vtz AV glon, dA 2 Atz o
A 2elol A ALata Aue B gde o 807 1007t @Azt & 5 ook

80~ 100me] 5o 7154 vlMEe g4 e ¥ & 2)4 85 (photolithography) &
ol &gt} 12y} o] W2 AAM(eF 104t 7F v, BEeT FEE BA e &
7te) TR0z AAdoF H7] wiel] HAXe] FA T BEAHA FAES ohdEt A
Ag v ’E o] Btk B} HHE Aoz 7)5A vAdE S FAAAD 4+ AE VA
g g4 guje) o] AAs] QFH L glow, of A AU FHS A3 v
ol YA AE 2T = A AL 3AFE Y A 0K (stage) T E A

ojdt MAA JEolth Wad pRow AW AYstus Ao Agaso] F

a1, A, B4 Ao, o) ¥, BY TaAs ofe) A ARE A
$¢ 5 e 5 we ghol e ~3AAH vlANE By PR Awo) evw
E]_Q—S)

oleie vlHsE =AY Alswlel s AR FAY19e b AES A
TouE ANsY gRg dd Ad vEY AL TY e 79 Aok E3 Sl
AR, AEA Aeelrle] duvE] £ dARAo €AY AN 0T § ne

W, PEAGY URS 2 FEE dHMoE Sud 5 Yok



1-2. Si9] 71smd 4%

VA TAY e AALE FAoZ PDP, LCD, EL 5 AT 4
ol# o] WA, AFARE A Tol F£3 dHu o, FuldM=
% ALE st 44, LGF AA RFEFAESC] =9E sk o, 1
7ke) Aulpuju g, VEold Iy Toz FAAGAAY AL APHo] "Wolx
it Aot

A E Ty AAdEL wlie] AMP PRESCO, ¥ NEW LONG,

SERIA, ONO SOKKI GolAwt Aits= s glew, PDP, LCD, EL & TFT w4}
Jeadzdy 7P do|AE AH|E st A7 @i, Eek xutdt g
A3 Tk gA7)E AR 2154 Fo)AEe s AFE FHsa gk

ZIAA okl M= vlAlEE ZRIY A|2g tage, H7
% 5 A kg 2 defelvlE, 23, IAEHYE T Table BA T e
nlgo] wol ojztn, 76 A dolaee] A, e Zygel HA 24 24
Ad 5 B2 AgH Zle doldHrt desty, 2 eavled dAvleE0l &
AstA gk AVRIALGE fato] ARz Heso] A i #d AFAE2
MAAR Aa s EAsta o] 7so]del ofgFo] diddr.

AR TR Axgo] At AdASEL 7es Addsr] Asl B
FAE ska e, vlgoldely f¥e v)dsta o] A A ok =
QD Il A siEEolop & Yen FujEx Fkst o] B avdth

o]
MASE TAY Asge] e4vEES FUST 9T AR B

rlo
f
ol
ii=A
w
Y
w

A SHAAME Tl 2 4 #ste oy, ZAA] FddAE I
el gl ArkgAlolA |3y t2Zdol(TFT-LCD, PDP)9 Atl&
F&5A AAA 7 ok ey a3t YA E o) (TFT-LCD, PDP, 7]
EL)Y Z4tshgo] 40% vivtez A Ha Aok Ul gAAE b aEdo]
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2-1. XYO 2Ho|A o|FA2d 2 JAAARA

XY6 zelolAol ALBHE 3% AAE oA AdHew Huwelo ¥
UAFE Z@stel olfeti WA o] RHE Resh BUAE FHaol

Fak ol .

SAEE Sl BpAbE Agets wAel n&shel @At 50m/min Wlolv], 1
1ol E2 Ade] AAME eldo) RHE TEALE s ugolEAs)
EEEES |

44 FEAC evol meE w4, ¥ ol BAE 2 5 Ya wol
Aol o SE9 YRS 2Peh Fod Ane PAo BAuG. A4 o)
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(D Motor -AC Servo Motor : SGMAH-A5(Yaskawa, 50W)
-Encoder : 2048 Pulse/Revolution
@ Ball Screw -®10, Lead 2

@ Resolution Resolution= ngfg%izd = 20248 =(0.000976 5nem

Z7)19 A5 Y9H o7 3tal Carriage PlateE ol#¢} X&=, Y& 9 o207 3
ANAD A5, 2t 9 olF#e o3y #ol +& 4+ Urt

. Putse=—3TA8R . b derLine—-L <2048 — 1024
- X% ol& TUSCT BiScre< gd “HIOAETINE = g ARG =

i __ QTolEe
- Y& o) Pube= BallScrewlead

« EncoderLine — %5— x2048 =512

XYO zHolA 9 0% A7 608 A7) @ 72t o A0 o)£FL Fa=
218 ofg et Pk
X1% ' 8X1 = Reos(80+ 8X1 + 80) — Reos( 8X1 + 60)
X2% © 6X2=Reos(89+ X2+ 00) — Reos( 652+ 60)
Y& : 8Y=Ran(86+ 0Y+ 60) —Rin 6Y+ 60)
5X1 ¢ X% A o] %% (m)
6X2 ¢ XoF 2| At o] 5 F(um)
Y Y=o Al ol F % (um)
60X, : Xi =9 4449 Cross Roller Bearing 49 zt%
00Xz : XpFoll 449 Cross Roller Bearing 49 Zt%
OY @ Y| A% Cross Roller Bearing 42 Z=
00 : =7] 9% ZF=(°)
66 1 27 ()

7}
R 72t Fo| d2% Cross Roller Bearing 54 ¥4
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2) 29| dH(blade profile)

2o dejE Ja HAE FA dFqFE Fe 2aUE T YA € L §
o] whA Al sti=dl FEFE vAA Hoh Eak Fo] FEj= M FHo] gk 24
#19) A g (adaptability) S AR, A FAHY FEHF A4 edge
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2FA) 7 A KoM 2F)F) 9} AA-e ARE En. Aol
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A F71= del dopd 297
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A7 G AM AxFEo wWakz s 277 tEo] depd olg <l
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5) £ X=(Speed)

QALEE 2392 Fo) Y25 Lol Pl JFE oIk ME Ay &
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7) 25 A A5(SQG diemensions)

T BE vble Ay Ao bmEEH 10m7tA, Fole FAd Azt E 20mm
2 50mn7hA 7F kAol E@ o A~8l2 93 (polyester mesh)2] €A S
4d o, A& STG-75BE ol AHgdth. 7 SHAE kgf/m=Z FA8h=
fig. 13 o] Ad = Aot

A

Fig. 1. Tension measurement of polyester mesh.

wkeb 71 A4 7h 1.001eHd 1.0m s PG

EXeF LE@Ate] o] g4 4 5 2lon, dbdow Ay, a9 gt of
WA, Azl Al W warp #29] 4, tension loss7b O Alshth
vs A3de W tension WAHX, Y)7F A9 giglizdl Ake] Al whet

dAd fx7r 29 E e 2Ee SS-AR 542 fig. 29 gk W4 A

kfg Tension \~
40 /Mf:"-‘—' H/om R
30 Pt 1y NI i T S >
20 A7 ?
107 25
0 ] 10 15 ) 20' ,% Frame  Frame Frame
Dilation (%) 240 &H  72H



Fig. 2. SS-curve of EX stencil and LE stencil.

2-3. Mask #9¥, Clearance, 1% o4 EAEA

A9 A Hee )b E Jheke Abel #AE L, dojdiedH %S vdd. =

Substrate

Fig. 3. The flow of paste for squeegee moving.

20° Squeegee angle

L]

L)

. \_‘\
!=
*

force

o ore—y

-
—~ -
T o - .

Squeegee speed

Fig. 4. Change of force in squeegee speed and angle.
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2=F)7) olgo uwrFolA Ho|AEZ ol F Aol ~xo o o3
Z1go A Eel =] W&o, 7|del wgd ¥
of @A "o o|AL #Eegn st o)A 237 AT FYT AFAR

27 A9 o] g oM Ay 59 AFFol AL 77 o #AA)
T, B dddd A ARz AHAHL FAE doAd shsAol Al
W&o Az Al E b ") fig. 5% X EEE (off-contact) 7| T+E
ol &gt Seoldag WIE Adsiry Fjojd Aol FrbEE Aol A
gakA Zakar HAA do

-
-~
T
-
-
- P
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Spap-of Snap-off
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Snag-oif
distance
in the end

Fig. 5. Change of clearance ratio in off-contact.
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3.4 8

3-1. viAlHE =AY A2" AA E A3

H AFo /i 7S a4 571482 Y9, Vision System A A 7]%E, XYO
Table AA7]%, Printing Table A A 7]%&, Printing Unit AA7l&€ 3 Electric
Control Unit A77]& o]t}

A E Y AlxE A 2D A3 7Sl s 94 Unit AA7]%, Pattern
A7) A Ao AR A%, Printing Table A 4714, Squeegee Unit A
A7), 71# Feeding System AA7]&3} 7}¥ Holding System AA7| &g 4
Pkt

e Y AlAEE AYR(Alignment  Sector), 3} ¥(Printing
Sector), HIZEX-(Out Sector), ©]4%X(Carrier Stage), ZAB¥4(Control
Panel), 3}%4A #] %= (Picture Processing Box)9} &% #}o]E(Alarm Light)&
T "ot

VA E ThY AlAR e FY9E 7]9E v (Feeding) g Aol 9] &}
of g3t #Ho]B& o|&F 5, XY Pusher?} Stopper® wFH<l 917t A444
. CCD 7hiletet 91x Ado] 8¢ 7|#S A HOlE/A o)Fatt, 23
B3 AFAZ 7]EAAE FAS, o)FF A st <At TEE UwE
BE HolE7bA o] F gkt

ad)

3-1-1. A4 Unit AA 2 A%

A HFYEQ Pattern 7] 500x<600wm, 71 F7= 0.5 3m, 7)HEFL
#A) 3Kg, Mask 7] 1000~ 850x1000~ 850, Mask %ol 30~ 50un<}
Off Contact= 07 15mE @ dte] A ZTHA(frame) S HASACE 7)ol
g w 2aPE Jiel] HFAIAY wolEr] et ZHde e e
c}.

e

%
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f printing unit.

Fig. 6. Designs o
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Fig. 7. Photographs of printing unit.

3-1-2. J|d FA471% A4AANZFA dAV=

of gk AAAFS FAsH, HAAES Aorts 71¥A7]E 500x600

f.4

2 A719) 7188 A&3 49 Pusher® Stoppere] 9% WAL ¥3FAL 1

WA FEoR 2SR sgor, 23 2949 Holv2 $42 FHHLS

skl
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Fig. 8. Designs of Position Control equipment,.

Fig. 9. Photograph of Position Control

equipment,

_15_



3-1-3. Printing Table AA7]&
ol HlojEE ANE HAAIE wf, 7]F;e o] FE WA Fr] Hst #HE
A

Ashs dol ol k&t whE ¢ Zo] 29 HolRz wprold flow,
54 FRos ¥7% FAGORM /We 14sa, T4 7Y 4 ) v

= AHOn/0ff) &  A=F AU

A Hlol g AAAGEE e dh.

Table 1. Design specification of printing table

Table flatness

+25um

Table size

660x800mm

Table material

AL + Rubber Sheet

Substrate fixing method

Vacuum

Vacuum Hole

w2.5mm

Fig. 10. Photograph and design of printing table
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3-1-4. Squeegee Unit 24 71%&
2FAA FHlo Aty AAANFS ST 2.

Table 2. Design specification of squeegee unit

Printing pressure control range 0~ 25mm
Squeegee movement AC Servo Motor
Printing stroke 0~ 640mm
Printing speed 0~ 600mm/sec
Squeegee angle 60° ~ 80°
Squeegee thickness 9~ 10mm
Squeegee high 357 55mm

Fig. 11. Design of squeegee unit.
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Fig. 12. Photographs of squeegee unit.
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3-1-5. 7]¥ Feeding System A 7Al7]|&
ol EFA = B B fsta] A FIE wEsE I #
FAos 718e uAsE W) "HolE vkE Hold F o] Ak
olFAl Zl@e] nAFMHE olF A FF FHOTRE FIE FIGRA
Zl-g aAsta o] FFQ sde) ATt oA AwF AAGG
olFFAAY THA2 AF, &, THLE YE T Jdon, F5Up) AAAAE
ZIEE FHe ol TAL w5k, s (Down) HAE 7|HE FASA &
aL, olFE AR &k, T HWNormal) AN S 1sle AXNPH F olFo] g7
=2 ZeEjoltt. HAAAYE table 37 i
Table 3. Design specification of feeding system
Substrate movement method AC Servo Motor
Substrate fixing method Vacuum
Vacuum Hole Py2.5 mm
Feeding method Belt Conveyor
427 42m/min
0~ 1sec

Conveyor speed

Feeding time

Fig. 13. Design and manufacture of the feeding system

._19_



3-1-6. A7|-AA Aot HA
Servo Motor 7+5% 32 2 PLC Al&¥Y FAERE oS3 o)

Fig. 14. Photographs of the Electrical and Electronic control box.
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3-1-7. A2 AXA] A= AA R Az

BT YA} Al 27E e AUt vlolARvE d9e] nFToln
aAEe stEdoje nkRE Fdd Ade Ao QuelFol dasiA Hoth

E A e R YA Axde] Atk BelE 98 EUE" A2"E

T usAEe] e ets Abgste] d5e vt QAg vAd AARoR

Azl ek o 9A dAE ANE F, A 91X HAE 3% g o]A Ao}7]q

e
)

¢

degsto] 75 AAFE T4 7E2E Jhtes dA Ax"de AA 2 AR
stRA .

A% 9A AAgA] A ALWE Aol AnedZEe dAste] 359 XY0 H
OB WAIOR TESE 3% 2ulo]F Ao}7], PCB WA F AHL 7
Webt A4stel A% 914 4e @ 5 e A s, Bed whaae A
Qyele) dae AneE Bal Ut DAQ Axd, mEe @A el HA A
~goRvE A 942 EASD A 9 ANE wol dAse v

wEg 3% ~HolA AojzldN AYHE sxEdolz T

3-1-8. YA Ao AN2HS] AXEJo] AA £ 4

AP A AN~ FPe A Aol et 4HE D53 AT 279 1
29l CCD 7telztet g5 QA4 HolE S AHests 94 AARE, PJHo 9
A QAbs Akt A E AFE, 89 AA oaE Altstd JHeAE B
st AE AT E(alignment software) & T4 Bt}

AR A AojA~EE o]&sfe] CCD 7hHlet AdEHol~ L U Ao
SIW 27, 978 deld A% B4 daueF g 5o 1= 3 Ay Al
=g FHan
G4 diolE Auls Heniast vk vazt Aztd 7 4 d4, & XF
of thet 12kl 8 YH tig 14 Fdol Bastt. svete IYPRE
Beam splitterg& AH&alA X% YFH9 CCD o|v]A] AlAo] 4& HRE A
stes A s

N

|

g
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A BAREE bl A go] £ HEe AAAEE A/DEETANA v A
Wgkato] diselo] Aatar, of wejdl AgdE HolEE o] &M

ol 48 oxE AdsiAh

olgl ddo] Aol wmaA Aejsojof 5t7] wiol 48 HFHE ol &5k

ddears Adsta 2709 heebst EAl dee] AAAEE gl S494 A

gt WE A A E el

48 A EojAM Ad eaAE AAsr] HsiM= CCD Zhdgtell M 5

A% dlolele] ZHY, Fadd AE, 2 JAANE FHse AHFEe UA

Aok gt dolg BE Y CCD 7hvgtalA 5% 3haol 4 dHolHE

AREA HE7] A Ao, 71E welHAM A, F ABE Ao doly

Aggk ot SAHE Sste +£50kgf %9 EFE Load Cell& Max

Pressure 9.9kgf/arr, A4 ¢ 30m2] Air Cylinder®t A8t %], 824, 4= 5
& 2dd F e E9 e AZ ) Squeegee Alolof A
Load Cell2 %€ A5 Z wol 98 ¥ASE Indicators 0.019 ¥dles 2

T HolFtE 29 ~ALe] FS1020A AFS AE-sHYH
Squeegee9} Scraper 1@l ¢l 2 T ¥o] HEHE AJA"S Ao A
Fol HE® EFAd g Jlol= AAFS A5,
=¥ 2 AN E AT olFd ABEHE A2®lE A.C Servo Motorst Ball
ScrewE ©]§sto] A& Aol Fe|rt qla, Z1AH e g =5 A

Aakodth.

Ho
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3-3. AMY =AY 45AY 2 A&

A7 daZdol gaAstels 944 e AaA 229U o] ol A
895 gk ole} e AAAAMYPels HolxEs HrHow AHEH 9
of webd S5 )sA AR e dHA77) P ol aEe) Az &
2 Hrhr1go] FARTE Fas

2 qpAE 23040 AgHE MR s Zage] AsAg @ w7}
A E NIRRT S

X

bl

3-3-1. v[AZAY 230048 A&
VAR RS AFA FAE AHEst] o) zadwd o dHE
fig. 150) vebdlet, 500W4 SUS(E £)HALE o] &38te] At Aafolr),
a4 HElyel= FYHFEol Line/Space”t 100/100m, 80/80wm, 60/60
tm, 40/40m, 20/20me] ©AF ol Fo14 ¢t}

(a) A precision screen plate (b) Type of patterns.

Fig. 15. Result of screen plate and type of patterns.
ol9} e AT RE AF/AE AZAAMEY A2 807 100mo] eHA

3 AY Aol B AT ARV FFRAL A8 =PAFE Pt
A AEFFORA 20m7HH Aol 5 & 5 Agdch
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3-3-2. AFRE vAHEY T B AEI|E

13 d2 A7) AFAE 107'emolst 2 4 5 A 2184 o

o9 F st wepd 2 7o) A8 e v

T 2A2HAg-XF301)9 dE=
0.5(g/aw), BIEAAL 2.6(n'/g), B U EL

O o=
2 t©tw

89

o]

2 A(m)olt}. fig. 169] Agdol~E

AzEFAE YERH

Ag powder [

Additive Photoinitiator — Paste

1000rpm, 1hr Three roll mill
Four times

UV curing

resin

Fig. 16. Manufacturing of Ceramic paste

Addas ol gsty HAAz A7 20m7A THs@dItE AES] A
Nano Ag ™ EE A x5t uvAggd
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1d A et UVA s FA 2 dlo]2E

o

IHY Alg

Nano Ag "@xe F2 =4
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Az A E Aol
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4. 243% 9 1F

4-1. ALY 25

TEE A7 & 3F £H o)A A2 Hgste] FF S A YA Ao
AFS FAsRoH, HA Ao} APE Tt s A4S AU X,
Yo 652 43 Hagoh Fahgo dig 913 Ao Alde] AE table 40
et Aot

X, Yot 0F Algol dig dgAol vl ¢radon, At XF Al dol
e 1.901x107m, YFH AdalME 2.11x107mol, 6% APoA=

4.7538x10 "mE YER LT

Table 4. Result of Position Control experiment

Item Spec Resultant Note

X, Y, ©6 3-axis, X, Y, 6 3-axis,

Axis & drive
Pulse Pulse

Resolution 0.0025mm/pulse 0.0025umm/pulse

) XZ 0 1.901X10 mm
Alinement , -5
o +0.01um Y= : 2.11X10 "um
precision - 7
0= : 4.7538X10 "mm
Position control .
o +5um +5um Vision System
precision
. ) X, Y =lmm
Alinement time about lsec lsec
when © = 0°
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4-2. 2FAA A A A3
2% 231712 Air Cylinderdl #35%= 371948 37 6kgf/ar7b A 1kgf/cr?d
S7HA1 710 53 dlolHE fig. 17 eI

40

154 - ] R Suppiy pressure of cﬂ(ndcr !
- + - ——— 3 fkgticm” ]
| —a tkglfem’)
B BEEEE 5 {kgticm?]
i == 6 [xglicm’)

4
B0 e

25 4 -

&
el

Printing load [kgf]

Time [sec)

Fig. 17. Results with the impression force difference.
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4-3. Jd FA A}
Ag "IEAS} UV Astd A2 #ol2EE Alxstd olAsy ZdE
fig. 18~ 209 ‘}epulc)

s
»
jn
o

ste] ojzl A%E

)
=<
o

L/S 100/100 4 m—@

Fig. 18. Fine pattern of Line/Space 100/100:m.

L/8 BG/80um

Fig. 19. Fine pattern of Line/Space 80/80m and 60/60m.
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L/S_20/20m

Fig. 20. Fine pattern of Line/Space 40/40m and 20/20um.
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(a) SUS 250mesh (b) SUS 500mesh

Thickness : 23um Thickness : 12um
(Ag : Binder = 7 : 3)

Thickness : 26um Thickness : 15m
(Ag : Binder = 6 : 4)

Thickness : 20/m Thickness : 9um

(Ag : Binder = 4 : 6)
Fig. 21. The disperse property of Ag particle as the mixture rate and

ink—-film thickness changes.
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(a) Ag-XF301 (b) AgC-209XF2

Fig. 22. The disperse property difference of Ag particle as the Ag

powder particle property changes.
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Fig. 23. The disperse property difference Ag particle as the printing

direction changes. I

_31_



Fig. 24, The disperse property of Ag particle as the printing direction

changes. Il
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Fig. 25. The disperse property of Ag particle as the printing direction

changes.Ill
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Fig. 26. The surface difference of Ag paste.
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(a) Disperse states with (b) Disperse states with vertical

squeegee direction. squeegee direction.

Fig. 27. The disperse property of Ag particle with SUS mesh screen

plate.
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Nano Ag¥AE ol &3 A=A vldadge] A9E Ago binder? Z3Hv) &,
2AA3Y o4, 3%, T wE AFE&S A B table 59F #U}

Table 5. Moment of Resistance in mixture ratio of Ag and binder

) _ Moment of
mixture ratio ) uv thickness | resolution

Mesh Resistance

(Wt%) (mJ/cuf) (¢am) (L/S (m)
(1x107"Qcm)

8:2 500 1.1 2000 12 60 / 60

7:3 500 1.8 2000 15 80 / 80

6 :4 200 4.4 2000 23 40 / 40

4 16 200 120 2000 26 20/ 20

o143 ol Q14 Fol £4FAL ANA fob Agrh PR Al A A%
e Aw

A 1.59(1x107'Qam) 9 Ak AGES JERd Y] mEo B @

4 ARoEA Abgol HsEe & 4 A
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2) vANG QNS o 2 At AwlA dold 20mE A7 b5tk
ebd B AFelH ZEZ P9 50m AW ANE HFFHAL

3) Aol Frbell wet 4 Srerh weidge AL & 5 AU

H 2494 folE egate HEAT FAE AEAL AT Y7 B,
A4 Ao 2ER ST 4 AT ¢ 5 AT

5) g A] Alg A, 2AUYsE XF 1.901%10°m, Y& 2.11X10 mo] il
0% 4.7538%10'mE vtebjo] M@ Aol ¢S & 4 AU

AolzEAx Vg B A#rige] FHHAM] "o 2AdUdHY dAR

oal_
AAY 80m MY AME 20m AL A7t b B ATE FalA FA
2ieh.
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