creative
common

C O M O N § E.E B

HAEZARA z.0 HEHOI=Z
DI2A= 0HHS =S M2= A2 kil RSsH
o 0 AESES SH, HE, 8, FA, S5 2 8= 2 s

= = A
o A HESE HEE & ﬂéLIEF

o 0 HEESE 20l SEEE 1T « 2UsLICH

53 &= 245 A0 gk

AERAEAMN. #ot= JHEAE EATHHOF 2HLICH

o Flok=s, 0 HS=2 MOIE0ILE 22| 22, 0] A=EH HE2 0

ZH5EH LHEHHMOF ERLICH

o HEAHM=SH SE2 AMNE B28 DIde 245= BERA &

AEAYN 02 01X Ad= A% WEN el 3

0lZ12 D& H S Legal Code)E Olalat?| H 228 218

Disclaimer &

III'°‘I
IUIU
ne
=
q,

i3
e
=

Collection



http://creativecommons.org/licenses/by/2.0/kr/legalcode
http://creativecommons.org/licenses/disclaimer-popup?lang=kr

20084 8¢

LA e A

A F g

ol 7l %



o] FTE-Z

shout Ab S 9

2

FotekAl YR o2 A =3



N

2008
| 8d 27
d

L
___“O_I

N

L
___“O_I

L
___“O_I



LSt OF TIGUEES w+rreerrsresersrresnsensemmnisstntistie sttt et Vil
TASE OF TABIES roreererrrreeraererrunrsoresiomirtessesissorseessissssesmsarassessressssessessarsessssmessossssesons X4

Abstract B XVH

=
o,
i

TF OTET A ST 7} FFEFH] B} cooreereereeremti ettt 13
2 OTET ZF 29 8T B it 15
(1) 7] BAZS] QT BEA o | §
(2) -2 o] AT QT BEA] e 17
(@) AolE A% &7 =
(@) AolE "I 87
ol OTET ZF 2] Al Z TH oottt 19
(1) 7] BAZS] A Z BH oottt siesines ]
(2) -z o] AT A ZE T e 21
(3) AolE FHAZ 2 HZT] AF TH e O
2. TMAAE AT Q2] Z]DE v 95

7
1. 87 Bk E W] 2B (QTET) orrerrrrermsemsonsssssseserisimsesmieniosssssssssssisnsse
7
9



(1) 2 (rolling) FlF LIS i
(4) A B (leveling) HF LIS oo
Wb 23T 012 BA Y] B A B} e e

O mAA D D A 5 AT QLA T s
3 ATA HolAE T EA S B A s

(1) A TFEE] woorroossseessmmesss i s
O AEA W] EA T2 G A e
L) OLE BLAR J] e oo
Th OFE ELAL O] @ i

(1) 7] ol5FY HPel M 5h2 = (electrostatic repulsion)

(2) ?jiﬂ ZJ'OH J@_E}(S‘[EH'C hindrance) “““““““““““““““““““““““““““““““““““

(TH) B LA BH(Stabilization) < erserrsseerssssmssmsssesssssssssmssssesssssssssnsises
(2) oL@ BAF ZA ] A8 AF T ZFD oo

5 gﬂ -%E?’\] (rheology) “““““““““““““““““““““““““““““““““““““““““““““““““““““

25
25
26
27
28
29
ol
35
35
36
36
37
40
4]
4]
43
44

45
46
46
48



Th H LB D] S EAT v s
(1) Bl 9 (MeWtomian flow) e
(2) € 2A G E(pseudoplastic Flow) - s
(3) T O] HE 9B (dlatant flow) s

(4) }*\ O ,_,F"l_ (Dlastlc ﬂow) ““““““““““““““““““““““““““““““““““““““““““““““““““

(1) %75[ zér‘i_}xé 75191
(2) EX—T RJE}H 2&7%__ §_ _%7]_

P}l BHES A
b asmmgel A2 Aok @ H o] AE A Z e
(1) 222 0] TR ACE vt
(LF) HEQTT] worverermmsrsrssnesmmssmsssnssmssssssessssssssssesesssssssssessssessssssssssessssssssssesssssssssesssss
AN L oS = [ O SO
(3) A=A 2= Hol2E A=
4) AZA g@(Agﬁ} Bal) S O] 2B AT e

60
60
60
6l
63
64

69
71



(3 HA7H T7% £ nEE 2 mE dd ol

2. ==Y a4

Im
2,
Y
3

|
(1) 22—z go]l AT R AT AT oo e 76
(2) ACIE BEZE = A2 2T AT e T7
=9 ol ¥ MIM(metal-insulator-metal) 22 A ZF erverrininnn. 30
2} ST E OTET A B orreseerrsersssersssmsrssmssssmssssenssssssiesisssssssssssssesssnes 82
(1) =234 ddd ax-=d =52 o] &3 OTFT &4 AF - 82
(7} OTFT 44 F& 2 A22-ZH A9 s FAF o 82
(2) 234 4" ax-28d AF " AlolE ddFE ol &% OTFT
(7}) OTET A7F T2 D SE S AF o 84
(3) 23 A" OTFT AFF AT coermeereireeiemmenrcersesncesoenecens 86
(7}) OTET A7F T2 D SE S AF o 36

|

ne)

=

|

ne)

=

|

ne)

=

7. ol 2 g

i

(1) Ag 2 AEA £ FHo|AE] B BEA Z4 o a8
(2) A=A 74259 Lulol: 3 HolAES B B4 S e 88
U} S O] AE B L ER] ZA e 80

2. 13 8 47e @7

A
i
o,
i
o
Do
o

_iv_



1. 239 2 E OTFT A2-E8 9] H I e

7 ATA FHo] 2E Y] BAL EA i

(1) Ag Ho] AE 2] BAL BEA] i

7h 23A F

_Igr
(L) EAEA e

(1) Ag #lo]2E9 Ba B4 2 L FR] EA o
2) A=A 7hE=d dol2E T4k 54 3 He=A §4 e
(3) AEA E3 Ho|2EQ BA BEA g2 &R BEA o
o 239 A" A22-z 9 AZ G OTET A3F BA v
(1) =328 A4"H Ag A2 =L OTEFT 2R BEA o,
(2) 239 949 FREH A2 gD OTFT A7 BA v

(7)) ASA FARED Ho|AEY 2T O EA e,
() FIREH A2 Ay] AEA LD OTET A3F EA
(3) 239 2" T AZ =D OTFT 23F EA v
Oh A=A £F
(L} £ A=Z9 Ay AZA L OTET 4£3F EA o

2. 239 O E OTFT AO]E T i
b AR 2R WE 23W A ACE AF BA s

3. 23¥ 4" OTFT 7l°lE B4

Ho|AEY AFY 204 BEA v

A

o] AE ] AT Ol BEA e

ne)

!

i,

92
92
92

(2) 7&5)%'{ 9}%%@1 ol 1;]-”01&:94 _E_)L E_ETAS{

95

05

08
100
102

102
104
112
115
115
116
118
120
126
126
128
135
135
137
138



(1) A /7 & Z4 so[2E9 237 A4 54 ~ 138
7} 24 slelzEY HE B4 - 138
() 2 sol2EY 257 14 54 - ~139
(2) Ad FHA e 2349 A4 54 ~141
(3) A7MA S/ wE H4E sol2EY 239 A4 =4 - ~141
(4) £ nHE Tk ME Zd Fo]2EY 23 Ay EA e 144
7} 24 slelzEY HE B4 ~ 144
() 2 sol2EY 257 14 54 - ~ 145
w259 ldd AlolE dEFY AV 54 ~ 148
() &5 =234 JI4d AlolE da2d A28 54 - ~ 148
(2) 45 234 J4d AlolE da2d A7 54 - ~ 150
(7h =329 A4 23 ~ 150
(W) AlolE A9 A7H =4 - ~ 152
4, 239 A OTFT 232 HI]H BEA s 155
7 233 A" ax-=Eed AdF 3 AolE dEFE o837 OTFT
(2) FEFA BTl AT O] B R] crovvvssrimsmsssnsinssiissssssis s 156
(3) MIM 22b2] ZZ[ R EA e 157
(4) OTET 232 A I]AE EA e 159
v 238 91" OTFT 2738 7|8 BA e 161
(2) FEFA BTl AT O] B R] crovvvssrimsmsssnsinssiissssssis s 163
(3) OTFT 274 #7134 54 - 164



W
T

!

3
B

__ﬁﬂ

= vii —



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

2-1.

2-2.

2-3.

2-4.
2-5.
2-6.

List of Figures

Device cross-sections of top gate OTFTs with (a) coplanar
and (b) staggered source-drain electrode < sswerrreen ]
Device cross-sections of inverted OTFTs with(a) staggered
and (b) coplanar source—drain electrode < - wseersmmssesrermnes 9
Operation principle of OTFT((a):Vs=Vs=Vn=0, (b}):V5=Vs=0,
Vp<0, (c):'Vs=Vn=0, Vs>0, (d»Vs=Vp=0, Vg<0, (e):Vs=0,

Va<Vp<0, (£):Va=0, VD<VGO) srorrmssesscsmmssssssssossmssssisamsssnssoines 12
Transfer characteristics of OTTT e 13
Screen Printing Method s 22
Laser thermal transfer printing method - s 23

2-7. Rolling mechanism of screen printing({a):paste rolling

2-8.
2-9.

behavior, (b):paste passing vector on squeegee side 26
Paste passing content by squeegee angle and speed - 27
Plate separation mechanmsm of screen printing oo 28

2-10. Paste viscosity wvariation and shear rate of screen printing

m eCh ani L 1 1 T T T et 2 9

2-11. Conventional{a) and new(b}) way of thinking on screen

Dﬂntlng Droces LR R LR R LRSS 31

2-12. Comparative screen printing patterns by mesh angle - 32

2-13. Various screens for smooth stencil((a):calender, (b)

—mesh, (C):V-SCreen) s eersereersemerseerserisrenisienrsieensisensssnes 23

2-14. Effect of surface tension of paste on screen-

printability({a):separating, (b)leveling mechanism) - 34

- Mii -



Figure
Figure
Figure

Figure

Figure
Figure
Figure

Figure

Figure

Figure

Figure

Figure
Figure
Figure
Figure
Figure
Figure

Figure

Figure

Figure

2_15 Structu:re Of COnductlve CarbOn_black Er b eE bbb bbb bbb aah 38

2-16. Surface functional group of conductive carbon-black - 40

2-17. Potential energy curve by distance between particleg - 43

2-18. Two ways for dispersion stability({a):electrostatic

repulsion, (b):Steric hIndrance) «eesmmeesmmessenses A4

2-19. Three step of AISPETSION DIOCESS wrrrrrererrrmmssmsesrersinssssnnsees 46
2-20. S=5 CUIVe Of THEOLOY «wrwrwerrrerrrecsrssersssisseisssssssisssissssisessssenn 51
2-21. Strain and stress of dynamic viscoelasticity measure - 56
2-22. Dynamic viscoelasticity measure((a):amplitude sweep,

(DYLTEQUENICY SWEED) «rrerrrrrerrssersssressissssmsssssesssrssssssssnsesnens 57

2-23. Correlation between screen-printability and frequency

SWEED TESUILS OF PASLE rrrrreeseerrrrrssmmsssesrssssssmsssssrismmsnnseesisnies 58

3-1. Molecular StrUCtUTE Of DETILACENE wrrrrersrsererssmssssmssrersinssssnnnneee 60
3-2. SEM images of conductive Ag(a) and carbon-black(b}

3-3.
o-4.
3-9.
3-6.
3-7.
3-8.

DOWETS rveeerrresrmersmerirteit ittt 61
Manufacturing process of Ag Paste s 66
Manufacturing process of conductive carbon-black paste --69
Manufacturing process of conductive combination paste -+ 71
Shear rate dependence of viscosity for nano Ag paste - 71

Manufacturing process of insulating paste --eeeeereeserereeeeennn 76

3-9. Source-drain electrode patterns screen-printed by mesh

angle((a):225 ) ()34 ©) st 77
3-10. Images of stainless screen{a) and V-Screen(b) e 79
3_11 Image Of sereen Dﬂntlng machine ““““““““““““““““““““““““““ 80

_ix_



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

3-12. Top-view(a) and cross-section(b) structures of

MIM (metal - inSulator—Tnetal} - wwerersrssmesesssmsemessnnsinns 89

3-13. Structure of OTFT device wusing screen-printed

SOUTCE—ATAIN Eletrade s seees 83

3-14. Pattern image(a) and screen-printed pattern image(b) of
source—drain electrode for OTET e 83

3-15. Structure of OTFEFT device using screen-printed gate
mnsulating layer and source-drain electrode «--ooeeoeeeeeseeeeeens 25

3-16. Pattern images of entire layer(a), gate electrode(b), gate

insulating layer(c), and source-drain electrode(d) for

3-17. Structure of OTFT device using screen-printed gate
electrode, gate insulating layer, and source-drain
BLECTTOUE v erererrrrrerermremsssisirnes s 7

4-1. Dispersion characteristics of Ag Pastes = 94

4-2. Particle distribution images of conductive carbon-black mill

DASES +evrersssssrrmmsssssisenssssissoessss s sss et s 7

4-3. Dispersion characteristics of conductive combination

4-4, Shear rate dependence of viscosity for Ag pastes and
binders{{a}) AA3003 systems, (b) AA4123 systems) -+ 103
4-5, Shear rate dependence of vwiscosity for conductive
carbon-black pastes({a)pastes using DB-2150, (b):pastes
USING DB-0077) wererseeermssssssssmssissisnsssisisis s sosnssssssssnson 106

4-6. Shear stress dependence of storage modulus at a frequency



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

4-17.

4-3.

of 1 Hz for conductive carbon-black pastes -coeeeeeeeeeemeeeen 109
Angular frequency dependence of storage & loss modulus
and tan & at a stress of 1 Pa for conductive carbon-black
pastes((a):G'&G" of pastes using DB-2150, (b):G'&G" of
pastes using DB-9077, (c)itan & of pastes) s 111

Shear rate dependence of viscosity for conductive

COmbII'lathTl Das‘tes ““““““““““““““““““““““““““““““““““““““““““ 113

4-9. Shear stress dependence of storage modulus at a frequency

4-10

4-11.

of 1 Hz for conductive combination pastes <« 115

. Micrograph of pattern{a) and FE-SEM image of cross

section(b) of screen-printed source-drain electrode using

Output{a) & transfer(b) characteristics of the OTFT device

with screen-printed source-drain electrode using

. Micrographs of patterns of screen-printed source-drain

electrodes using conductive carbon-black pasteg - 120

. Resistivities of sereen-printed source-drain electrodes(a)

and charge carrier mobilities of OTFTs(b) using
COHdUCtiVB Carbon—black DaStES ““““““““““““““““““““““ 122
. Output & transfer characteristics of the OTFTs with
screen-printed source-drain electrodes using conductive

Carbon—black paSteS ““““““““““““““““““““““““““““““““““““““““““ 124

. Micrographs of patterns of screen-printed source-drain

electrodes using conductive combination pastes -« 128



Figure 4-16. Resistivities of screen-printed source-drain electrodes(a)
and charge carrier mobilities of OTFTs(b) using
COHdUCtive Combina‘[ion DaStES “““““““““““““““““““““““““““““ 130

Figure 4-17. Output & transfer characteristics of the OTFTs with
screen-printed source-drain electrodes using conductive
COMDINALION PASLES ++rrerrsrerrsssesrsmssemrerirmemisrenssrissmesserons 132

Figure 4-18. Cross-section FE-SEM images and thickness & roughness
of screen-printed gate electrodes by screen plates - 137

Figure 4-19. Shear rate dependence of viscosity for insulating pastes by

Figure 4-20. Micrographs and thickness & roughness of screen-printed
gate insulating lavers using insulating pastes by

Figure 4-21. Micrographs of screen-printed gate insulating layvers on
glass & gate electrode using insulating pastes by

Figure 4-22. Shear rate dependence of viscosity for insulating pastes by

Figure 4-23. Micrographs of screen-printed gate insulating layers on

glass & gate electrode using insulating pastes by

Figure 4-24. Cross-section FE-SEM 1images of screen-printed gate
ingsulating layers on glass & gate electrode using
insulating pastes by SOHd « s 147
Figure 4-25. Micrograph of screen-printed MIM e 148

- Xii —



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

4-26.

4-27.

4-28.

4-29.

4-30.

4-31.

4-32.

4-33.

4-34.

Cross—section FE-SEM images of screen-printed gate
ingsulating layers on glass & gate electrode using
insulating paste IP-B (a) by printed layer <o 151
I-V characteristics of screen-printed MIM devices using
insulating paste IP-B (a) by printed layer < 153
C-F characteristics of screen-printed MIM devices using
insulating paste IP-B (a) by printed layer < 154
Cross—section FE-SEM images of screen-printed gate
ingulating layers on Au gate electrode by printed

L R s
Pentacene AFM images of screen-printed gate insulating
layers on Au gate electrode by printed layer({a):2-layer,
(b)ZB—layer) PP PPN 574
I-V characteristics of screen-printed MIM devices using
insulating paste IP-B (a) by printed layer
(AU eleCtIOde) ““““““““““““““““““““““““““““““““““““““““““““““““““ 158
C-F characteristics of screen-printed MIM devices using
insulating paste IP-B (a) by printed layer
(AU eleCtIOde) ““““““““““““““““““““““““““““““““““““““““““““““““““ 159
Qutput & transfer characteristics of the OTFTs with
screen-printed source-drain electrodes and gate insulating
L iy
Images of screen-printed gate insulating layer and
source-drain electrode on screen-printed gate electrode

by printed layer{(a)top view, 1-layer, (b):top-view

- i -



2_la'yer’ (C)CIOSS_SBCUOH, 4_layer) “““““““““““““““““““““““ 162

Figure 4-35. Pentacene AFM images of screen-printed gate ingsulating

Figure 4-36.

layers on screen-printed gate electrode by printed
layer{(a):2-layer, (b):3-layer, (c)id-layer) e 163
Qutput & transfer characteristics of the OTFTs with
screen-printed source-drain electrodes and gate insulating

layer El]]d ga‘te electrode ““““““““““““““““““““““““““““““““““““ 165

—XiV—



List of Tables

Table 2-1. Required physical and geometrical properties of OTFT
layers P R R R R R L e L 3 16

Table 3-1. Composition and properties of hinder resins for Ag and

CArBON=bBLACK DASHES «rrrerseeresersseerssmermsnsmmssriseerisserisseniereniessrsensins 62
Table 3-2. Composition and typical properties of dispersants oo 64
Table 3-3. Formulation of Ag Pastes =i 65
Table 3-4. Formulation of conductive carbon-black mill-bases [ - 67
Table 3-5. Formulation of conductive carbon-black mill-bases II - 63
Table 3-6. Formulation of conductive carbon-black pastes «:ooweeeeeeeemee 68
Table 3-7. Formulation of conductive combination pastes .o 69
Table 3-8. Main functions and composition of additives --coceeeeeeeemnn 73
Table 3-9. Formulation of insulating pastes by solvent e, 74
Table 3-10. Formulation of insulating pastes by additive «-eoeeeeeeeeeeee 75
Table 3-11. Formulation of insulating pastes by Solid -oweeeesreeesrrereseeenenn 75

Table 3-12. Specification of screen plates for gate insulating layver and
GALE ElECITOUE «rvevssesrosessnssommssssssmmsss it 78
Table 3-13. Specification of screen printing machineg «««-eeeeeereeemremreman. 20
Table 4-1. Particle distribution results of conductive carbon-black mill
DSOS wvveversrssemsemmsssessinsnss st sssss st s s O8
Table 4-2. 60° gloss values of conductive carbon-black mill bases - 98
Table 4-3. Particle distribution results of conductive carbon-black mill
DASES +ereersssrsrsmmsssssmsenssssissiessss s sss et s OO

Table 4-4. 60° gloss values of conductive carbon-black mill bases ---- 100

- xy -



Table 4-5. 60° gloss values of conductive carbon-black pastes - 107
Table 4-6. Resistance results of screen—printed Ag filmg «ooeeeeeememmenneees 116
Table 4-7. Thickness & roughness of screen—printed gate insulating

12VELS DY SCIEEN DLALES wwrvrewserersrermsseemmsersisemsisimisensessisessiserione 141
Table 4-8. Thickness & roughness of screen—printed gate insulating

layers on gate electrode using insulating pastes by

Table 4-9. Thickness & roughness of screen—printed gate insulating
layers on gate electrode using insulating paste IP-B (a) by
DI TAYEL wvrvevrrerrsseerssremssnemmmsrmmmerinsnisissenionensssimmssimssinsessisesioss 150
Table 4-10. Thickness & roughness of screen-printed gate insulating

layers on Au gate electrode by printed layer ----eoeeeeeeene 156

_XVi_



A Study on Properties of Organic Thin-Film Transistors Fabricated
by Screen Printing Method

Mi-Young Lee

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

Abstract

Organic thin film transistors(OTFTs) are of interest recently for a variety of
low-cost, large-area electronic applications, such as active-matrix displays,
chemical sensor, and flexible micro-electronics. To manufacture the wvarious
functional films{(gate electrode, gate insulating layer, source-drain electrode, and
active layer] of OTFTs, the use of high-resolution printing techniques such as
screen printing, ink-jet printing, and micro-contact printing is of particular
interest.

We fabricated gate electrode, gate msulating layer, and source-drain
glectrode for OTFTs by screen printing method, except for active
layer(thermally evaporated pentacene layer). And we manufactured conductive
pastes for source-drain electrode and insulating pastes for gate insulating
layer. As a result of investigating properties of Ag pastes for source-drain
electrode, DT-30 containing Ag powder treated with dodecane thiol and
AA3003 of acrylic resin as binder resin exhibited excellent dispersity and
conductivity of 062 Q/cm. And the output characteristic of OTFT device with

a channel length of 107 gm using screen-printed source-drain electrode from
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DT-30 showed good saturation behavior and no significant contact resistance.
Also this device exhibited a saturation mobility of  4.0x107 o/ Vs, on/off
current ratio of about 10° and a threshold voltage of about 0.7 V.

As a result of investigating properties of conductive carbon-black pastes for
source-drain electrode, DB-2150 with amine value of 57 mgKOH/g and
DB-9077 with amine wvalue of 48 mgKOH/g had good dispersity for
carbon-black powder with surface property of pH 8 in mill-base. However the
flocculated network structure formed by interactions of carbon-black powders
existed in carbon-black paste using DB-9077. The f{flocculated network
structure in paste affected a bad screen-printability but, formed the conduction
path which induced good electrical characteristics of electrode for OTFT. And
the electrical characteristics of carbon-black pastes mamifactured in this study
became worse with increasing dispersant content because dispersants adsorbed
on the carbon-black surface disturbed the formation of conduction path
between carbon-black structures. The OTFT device using screen-printed
source-drain electrode(conductivity : 495 Q/cm) fram CBP-910 exhibited a
saturation mobility of 6.757x107 ar’/Vs, on/off current ratio of about 10%

As a result of investigating properties of conductive combination{Ag+
carbon-black) pastes for source-drain electrode, pastes mixed carbon-black mill
base({CBM-910 and CBM-903) in Ag paste(DT-30) had good dispersity. And
combination pastes having CBM-910 containing dispersant content of SOP 10%
exhibited more the flocculated network strmcture formed by interactions of
conductive fillers than those having CBM-930 containing dispersant content of
SOP 30%. The flocculated network structure in  paste affected a bad
screen-printability, but formed the conduction path which induced good
electrical characteristics of electrode for OTEFT. The conductivity of electrode
was reduced and charge carrier mobility of OTEFT device was increased by

increasing carbon-black mill base content because mismatching of the work
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function between the source-drain electrode and active layer was decreased by
adding carbon-black in combination paste. The OTFT device using
screen-printed source-drain electrode{conductivity © 1.192 Q/cm) from CCP-120
exhibited a saturation mobility of 1.065%10™ ar/Vs, on/off current ratio of
about 10°.

And we fabricated gate electrode with thickness of 500~600 nm, surface
roughness of about 200 A, and conductivity of 0.7 &/cm by screen printing
using nano Ag paste having wviscosity of 100~300 cps and screen plate having
stainless screen of 640 mesh.

Also we fabricated gate insulating layver with thickness of about 1 gm and
surface roughness of 1214 A by screen printing using insulating paste IP-B
(a) having PVP, melamine resin, and BCA(mixture ratio is 1.25 : 1563 : 5) and
screen plate having stainless screen of 640 mesh. But, screen-printed gate
insulating layer using IP-B (a) had large leakage current(107°~107 A/er).
Therefore we fabricated gate insulating multi-layer by screen printing several
times to reduce leakage current but, this had thick thickness and bad surface
roughness which degrade grain size of pentacene and electrical characteristics
of OTFT device.

We could fabricate inverted coplanar type OTFT device with saturation
mohility of  5791x107 ai/Vs, on/off current ratic of about 10° using
screen-printed gate electrode by nano Ag paste, screen-printed gate insulating
3-layer by IP-B (a), screen-printed source-drain electrode by CCP-120, and

thermally evaporated active layer by pentacene.
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2 T gt gAo] Ak o ®b #riE2 ol &% Fr] € E#;FA
H (organic thin-film transistor, ©[s} ‘OTFT' )= 2 F7] TFT =
o] ZF ZF2Hvacuum evaporation) & ~¥H =
H{printing) 5 €9 FHoE A2 AT £ glo] AL e Al
A FAe] ZheetH, AulE AEA, g Addbe] bk, JhH I A
oA ARAA g FRE F de T B2 FHE ML Yo o1 Hd A
2 vgoz AI}E OTFT= A2 Fol(e-paper), LCD(liquid crystal
display), 7] EL(electroluminescence)@ Z2 ZH:AE o] ~Z 7 o] ¢
422 HEgd 7 Jd& B9 oty e{2-3] AA(sensors)[4], ZRPEFI=
(smart card), RFID(radio frequency identification) tag[5-6] & &g A
A wEopel A AL ¢ glel 3 77 F5 2 3ith

2z 9 OTFT+ polythiophene2 5t=A 84 F(active layer) B & A}
235 AREHA ) 1936 A Tsumura 5 23] BIHAHUT]. 0|72 =
FH A ol (Si wafer)E 7% 9 Alo]E HF(gate electrode) 2=

ojf



st Si0EHE F(geld, Au)2 Al°olE FHd S (gate insulator) 3 AA-ZF
ol A Z(source-drain electrode) 22 3t 107 ar/Vse 3t o5 =
(charge carrier mobility, W& 7}A & A&AHEth 2 % 1938d Assadi
= 93] poly(3-hexylthiophene)2 HZA @AM F AFZE o[ &% OTFT
7t BaEAT 107 ar/Vse) A3t o] 82 E 7hA OTFT 449 542 &
Z o MAAAHTHE]. ol#8A =7] OTFT #t=24 @45« nEA A8
7V gol ol gHen, A ARV} &ME &S AEFeo=Ex 24
#FH & § FH(dip-coating)® 22 qHF £ FHoT fEAH 24
F ATo] ZhestA "ol 9E, &9 FA o] opd I dF3ed o
AEEs A #7] drEAle nEA stEA ] Bls) A= A A H
ol HEH ®mIdL 7t ¢ 2 st o|FEE Ze 47 AL BHA
o Hzo ARA SEAE o[ &3 OTFTE 19889 Clarisse S <3
ARG oemO F FZ29  scandium  diphthalocyanine(ScPes) =}
nickel phthalocyanine(NiPc}& 7] @4Fo 2 o] &3t 107 ai/Veolate
Ast olTZE JMEY. =3 1989de Horowitz S 93 a
-sexithiophene= 4= A2 =2 Al£% OTFT 227 Ba¥[10], =
% a-sexithiophene EAF &2 A&l Az BAY  F2Hmolecular
beam deposition}e] 2# 013 ar/Vsoldte =2 Ad o8 E Zte
OTFT £27F BnEATH11). 38, 1991dRHe & o4& A2 F7]
REEA 24 A ge] 571 42" 72 #AE4d(pentacene)o] FE52

=4, 7] #HEt4dl OTFTY A5t o] Z& a-sexithiophene=} -+A}5HS
A RH12], 19979 F3F Ay @ EMR2E(a-S51 TFTIY AT +
FHE 15 ai/Vsy AHsh o|F=e 10°9 HAFH|(on/off current ratios,
Iniit) & ZbE 227F AR o244 OTFTY €A 7H542 34 BAFTH
tH13-15]. 2 = 2004del& 3MAFY Kellyel s 7 ar/Vselgts wi-¢
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Aetd OTFT 447 2EHe OTFT A% &
Ao Zldi7l §5 o FelAAIRHIE], #Hepdz= 22 ARz SHEA Y
o FAHA o) ATl AHTE HAAA 2 FAE 7PA T U
2 FAo] b3 TEA BEEA OTFTw 1996'd Bao =9 23]

# ZFH Y regioregular poly(3-hexylthiophene)2 | &34 0045 or/Vs9]
Ast o] FEE e A7 AFHUA I Aol 43 A7),
7 % Siminghaus Tl 93 01 a/Vsd A3t o= 10°9 AHe| g
Zt=  regioregular poly(3-hexylthiophene) TFT 427} Bag oz H
[18-19] aast AT 7} Zl e A e R
TIPS -pentacene(Bis(triisopropylsilylethynyl) pentacene)2 -F7] Hl=A =
ol &35t & FAA o8] AFE OTFT7) 15 ar/Vs +&¢ As) o|F
EE Boln nEA {7 HEAY ZteAS MEA BAF o 20-21].
27] OTFT Az s d7< 77 845d s Az 2 T4 7
ol 2ol B A o HTd e HHE, dHE, 944 Y
OTFTE Al#stz] #s) OTFTe &4 F £q7 ojvg A~2-Z
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, g ® - T 7
tole=l= B2l ARE A&stele A7 A8 WA 2= o] &
ARES  ol&std  FHY AF  FHFH EZEHLAIHY
(photolithograpy) & ™4lste Y= Y Y (inkjet printing)[22-25], =}o]
Az AN ZIE(micro-contact printing)[26-28], =3 ¥ 21 H(screen
printing)[29-31] ¢ AT A4 Z[=3 29 ZE, § F® F[32-36]¢
& TS o[ &% OTFT LA AlFd] &3 d7F 29893 dadga gl
o, 1A 22-2 Y AdFde 22 A ARNE {7 HE2A Y 48
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FAoole d3A =d-E22-24]ely 239 QA[20-31] 59 &4 T
s A= 7bed A=A 1B poly(ethylenedioxythiophene), PEDOT I}
silver(Ag) =& Au 53 AZA el ZE o/ &3 AEA #H o] ~E(paste)’}
o] HEHD Utk AE dEFde 4 54 € 24 4, g%
FH9 dey A FAL deste $d dd 543 @A St owafer$l
H4A A= o+ e Si07F EFAEA o3 Bol] HEH fo} AT
e A =3 ZEo § ZE, TIH Fo &4 FAHA o] A
2 Zbed mEA HAAZE el drHsA dul 22, 29, 32-33,
37-39]. EA dTHAR T e IEA HIAEs  PMMA
(polymethylmethacrylate)[27, 39-41], PVP(polyvinylphenol}[22, 32, 41-44],
PV A(polyvinylaleohol)[38, 45] Pl{polyimide)[29, 46-47] o] i, o] T
R 1 BAS Zbe PVPZE 7HE ®el d7H I . AClE dASd
< HE3 WY BT A FA 2 Ay A=AHES nested 2EE Si
wafer £ EF3E F50] Bo] FEHAFAR, L2-2HQd HF7 2
of d=A ZHR[22] xv 2d =ZH[43] & &9 FAo 7Med A=A
TRAE ol &stAY, vlol2E HH ZHY[44]E o &% AT AlEE B

aE I o A Fe g XA Z[He2E S waferd} 8 7[He] F
2 HEHAGAR, HAZde 784 2 o A4S #HF roll-to-roll
printing &H2 A &5k Hal HEA 2 2H HE8A4 Z9m JAH A

Hadt B9 FHoE HE SR FHE T 53 23 A4 E &
a2 olgshel Ut HRel 4T % AW FHLS FAA T &

el G Fhel ws A FHo| Dusha A4 B Eo] A, o
2 Az olg Lol ¥} o7 ARE AR Yupol=

g gxSeols] Az FHOE o ATHA ATH4S-54 = BA

ol



xade] f@std 28] g T JRel 482 4 YL FH A4
of Frelste], shol2Esh 22hy exyRa FAHE A7} 5]
A2 so]ZES FFHE BURT & drke FAL AT . o]
# J4L HPOE OTFT 474 A= 229 AHHo] 4§50 gm,
2 =RAE 29 A% FHo2 FAHn AR ol§ Hgol Fo}
#3499 259 AH4EL o[ g3k OTFT 445 AFsar = 4
e A% g 239 AL A§F FHy ATHE 29,
=Rl OTFTS 22-2del 43 4 Aos Fd5e Ao 3
4 Azsted 4¢PoEs AR B4 BE OTFT 44 E4¢ ZE
gt adm 229 A4 948 2 v HE 94 SYe PN
A8 Ax-sHg A3 A%, A A%S 2] 1 542 FE
G, g Aol FIF 229 949 BAS AL A3 AE A

29 B39 29, 239 A% 37 L o259 nFES WA
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AolE AT H&g atate AFL HAsr] Y3l A=A Ho|2EZH
Ui Ag #HolAES Aay AgoezHd mulH6G40 W) el
A A4AA Hrrel V-screen AL Al gstd 2 EAL AEstdd

=3d dAd AoleE HEF2 w8 #4 4L s PVPY

st @ So|ZEE AzstgT, BB W A= FIFL FH
7l A9 AolE A3} TUW 2 o
st SRR OTFT 2 344 A4 B4¢ 2& 238 w5o

2 =Re A 14 A8dA OTFTS 7144 24 Sg3 g4 47 2
Mg A 2% ol2AA OTPTS 222 4w s OTFTE A=
4% AW 239 A4 Jle L BW IS, AeEA 5L, A 33 49
AN B =Be dde B e, A 4 2 8 mBlN B =E
Aol WE 2o L mBL, A 5% 2EAAN B =89 28 4 ¥ @

T W&l s} A <=ssit



7}y. OTFT 7182 +=

OTFTY 7|2 F=< Figure 2-13 2-29 Zo| 3A 4 TFE Y= T
Aok EF 7] HEA @S Ax-zEd A5
Aol E ste H oM e I TEE
71 @A F e AlelE ZAFH AFo] MAFHT top-gate FHE 9
OTFT #+&& BT Figure 2-1 {(a)v A=-ZH < AFo] fF7] 24
F Ao dHeEdEHoAd FHH Ast Ad(field-accumulated carrier
channel)@ 22 ™ Abo] ZAsle ZEZZ M coplanar : top gate & top
contact)F o[ 1L (b} 4~-zEdd AFo] F7] @A Fo] ATHI Ao
B Hoid Adst Adz A2 dZ29A sids s 287 =(staggered : top
gate & bottom contact)®@ o[t o] &7 top-gate &2 TEE AoE HH
T3 17 BAFY AW FA4o T2 #1 ACE dAFH A=Y A
FAAA st =Y 7] BAFY ArA BAo] HAAT] @E
AT Az AEA SEAE ALESte AR D A SEAE ALE
st Aol o rEsth

AolE dE5 a9
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Gate Gate
Insulator Insulator
Source Drain

EHERE source - Drain

Substrate Substrate

(a) (b)

Figure 2-1. Device cross-sections of top gate OTFTs with (a)
coplanar and (b) staggered source-drain electrode.

RERA, Figure 2-2€ #7] 43 AE HEF HdA AgHHoAz
bottom-gate(inverted) #® 2] OTFT &£ BA9F Yt Figure 2-2
(a)e Aaz-=Qd AFo] F7] 84F Hdd HedHoAdq SHEH Adst A
da gtde] A8t A2 A =(inverted staggered : bottom gate &
top contact)H o[ AL, (bl A2-ZHQl Ao F7] @M F] ATH7 A
o AelE dAF H HEdHAH At AL} 22 HE A SA s
= Y9 FZe M inverted coplanar : bottom gate & bottom contact} o] o
AA Z3 aAeA ERWX Y #4F2 BiEA @453 AlolE dHF A
AAA LASEE bottom-gate 2R TERIAA BAE A7A Tz
Ast o5 F4ES Z2Fsie 24 A8 2 383 ¢£2e 53 24F ofd
d Autde Ak ddF 249 FA B FAA A TS weth
AAbet AEA SHF 25 22 dEo] SR Ast o' EE A
2 2[55-58] @A Fa 2 SR AFHe AE HAF Al A
He 53] SasH[50].

2 swddMe F7 4F AREN AEA RtEAR] A4S ALEst
o AT A d FHE &Y FHLoE AFdstr| dwe 17 84
= WA st7] #18d Figure 2-2 (b)) 2ol A5 A= FA o]
744 mpA el 9 = e (bottom gate & bottom contact)® ¢ OTFT A

Z=7}3]
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Ag AFstGan, @4%5 ofgel AgEHe AoE AT AT AEe

s &7 542 FEA

Source Drain ive la
Insulator Insulator

Gate Gate
Substrate Substrate

(a) (b)

Figure 2-2. Device cross-sections of inverted OTFTs with(a)
staggered and (b) coplanar source-drain electrode.

. OTFT &2 ¥+¥

OTFTe &2 942 AA d9 <H(linear region)™ T3 G
(saturation region)2 2 TEEW. F Z#<¢l H(Vplel @2 FAF, &~

@ =l e 542 ohmic £42 YEh® Lx-=eQd dF(ps)7}



th Figure 2-3¢] 2 ATdA AHE3 7] 2EA Q] AL 42 E9
pd HZEAE zZte= Iz ek (bottom gate & bottom contact)d OTFEFT
9 53 492 Y|t Figure 2-3 (a)¢f Ze] &2~ =<l AolE
Ao Agts 7hskA ged /7] w=A e AstgEs 25 d9EA

Wol 1% HAYUA o £ 229 F7] W2A Apolo] oA FHo]
zA}7] MR AATE 4A 47 GEAL FAL S @A 95 o

o= (Wt 7,_?7 V=0, Vy—0 (2.1)

oA 7| W AE F(channel width), L2 9 Z<[(channel length), t
= 7] 8459 T, Voe =gl A Veu ACE Agelth
223 Figure 2-3 (c)&} o] AlolE AT F(+)2 A2 2rtstA
H oAkl s EAF A7l m& A= F7] wtEA Abeldf 4

UA F¥e 248 gm AZoEryg 7] wEAed A Fde

A7}
dEn. e ddEa {7 AEAF Afde A= At gle Fol

HAY I, o] =2 THZE(depletion layer)o] g 3o} o]& A& Ax
o

cHd Ao AYL AAHB A AP A LWAT} FIE]
9

9, Figure 2-3 (d)sh 2] AlOlE Aol &(-)d AYL AAsHR,

zz-seel A3 §7] LA Aol ouix] F¥o] wopdN AFe
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22 HF(hole)o] A HEAZ FYHn, A5 H=2AF AddE
43 &4 F(accumulation layer)e] ¥4t o] W Figure 2-3 (e} #0]
-9l AS ACE ARt F2 HibE d7bskA HH O AlClE
Ao A4S A7bebA @S dud o 82 AR/7F 824 92, &2
o =29l Tk ohmic EA o3 AF7F =9l Hibel vldst= dF
FId= el AlelE HF9 Aol §VeTtE S7lstd Ade A A
st CdVerbE S7kstAl ", A AL dsid e WLCOVeREE <71st
d F7kek A7k ng o] E(mebility) S 7RI A2 ¥ =
Al A Vprk JI7MEHRE AF S Shse 4 229 Zo] Fo{zith

o
i
a
2

W

A7 G AlelE ddF9 7Hsf Al ¥ ~(capacitance) ©| o

st =yl AFY Aol Figure 2-3 ()9 o] AlolE AL¢uT &
oz gf AAA HH =€ A5 U7} Frlste TR HAFE
zHgder 53 FUHY FEZFTol FAHAEW o TH 92 =<

Aoz e FHY = FHAMEH F7] H=AFo] @43 T

ZAs =R, A7) AolE ddS5H 7] "t2A AWe met A5 s
it (scattering) 8450 dup geA], AolE AEEFL 7] ©H=A

A AEsle Adlge] AoE AFoz wAHE AL UAY F 9 F
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e

3 BEYE AT gexl B s 2ATE AL ¢ + 4UTH60-61)

P-type semicpnductor | .+ - P-type semicimductor s+
* *
Source | -t =g = e | Drain Source | P | Drain | ID§
Ingulator Ingulator
Gate Gate Vo

(b)

Depletion Accumulation
layer layer
P-type semicgnductor P-type SM +ndul:tur
it TTTTTTPPPPPPITTTI T Drain Source 45y L 444444 sy Dm0
Insulator —— Insulator
R I U e -
Gate Gate
(c) (d)
P-type semiw}uiucmr Ins
Source | Sy . | Drain Linear range

Insulator

+ 4+ 4+

Gate

Vo

(e)
Wﬁlctorﬂ Ii

Source

Lt ) Ips
| T | Drain Linear range
++ +

Insulator

Saturation range

Vo

(f)

Figure 2-3. Operation principle of OTFT((a):Ve=Vs=Vp=0,
(b):Vg=Vs=0, Vp<0, (c):Vs=Vp=0, Vg>0, (d):Vs=Vp=0, V<0,
(e)ZVs=0, Va<Vp<0, (f):VSZO, Vp<Vg<0).
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o. OTFT 45 %7 e

OTFTe 452 #H7tste HAetvlBHparameter) 2 st o] =, orf
/Vs), SS slope(sub-threshold slope, V/dec), &% A ¢(thresheld
voltage=Vu, V) 21 AF HAEH (Lwae) Tl U™ Figure 2-4&
OTFTe A2 EA(transfer characteristics)2 YEbd Zzh=Zz2H o I
Az 2R OTFTS 4537 FevstE g3 2ol 42 4 3l
=3

Vp=const.
10
log(I,s) (Ipe)*?
1
Ly
N
V;h‘gslope
VG

Figure 2-4. Transfer characteristics of OTFT.

i

44 A3 o|FEE Al B4 AA 1 Vo] 98} oSk Ad
%

oo, 4F A" 9450 o]FEE ZASH. Aot o|FEe 3
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W
Ipg= S uCVe= Vi) (23)

o] AL (Ing)?e} Voo #A2l oz A 59, Figure 2-49) (Ins)?<}
Vool 2= 7|er|28E A 249 o] A3} o]EZE T & g}
,uO

Vipg = Vo= Vin)
Tome— WLC,
slope= 5T
_ Y/
u= (slope)? x e (24)

7

@l Figure 2-49 log(Ins)®t Veol IZjZ=2Ry T2 4+ Utk &4
a-Si TFT2 A% SS= ¢ 60 V/dece]| A w5y, OTFTY ZAEode AolE
AR AR bl 7t A= AR 7] W2 1 V/dee ol3H7}

Azl YR As 2 AW A So o8 ZAGm AoE TA A
. Figure 2-49] (Ins)"?9} Voo a#)=
FER (off-state}l AT 2] gt mAe = of

A% 28 AgLe T & Uvh 28 AL 0 Vel A7Asior AHo] HA

oL,
NS
=,
k)
Y
o
Hd
.
2
4%
Mo
i
;g
o _Q,



Mo

Fegt OTFT A5%H7F e F

A9y, £e AQes, $5% 54 2O

AE B2 Ast o]E2(> 01 at/Vs)st AEH (107 281 &
H(~0 Vio] a75HAzIH oleld A2 FFA717] 3} OTFTE T4
9o 97 542 Table 2-132 ZH62].
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Table 2-1. Required physical and geometrical properties of OTFT

layers

Requirements

Layers

Physical & chemical property

(Geometrical property

Active layer |®

High charge carrier mobility
Large grain

Work function similar to
source-drain electrode @ high

carrier injection

Thin layer thickness

Source-drain |®

High conductivity
Work function similar to

Narrow channel length

Gate electrode

semiconductor | small Vi
Good adhesion with substrate

as well as gate insulator

electrode semiconductor © high carrier Topographical structure
injection
® High insulation
® High diclectric constant
Gate ® [ ow interface trap density Thin layer thickness
insulating |® Low surface energy for Smooth surface
layer semiconductor Pin-hole free
® Cross-linking structure for
solvent resistance
® Hich conductivity
® Work function similar to Thin layer thickness

Smocth surface

Ovwverlay accuracy
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S $AE YRS/ TEG £9 F9H 4T EHo=E OTFT
AN AF 58 FE 47 BYFH A0E a3 AR R Hof
50 A obel §7 BAFAM Lojmled) #7 WAL we A7 A

a#H el A7[(grain size)E HA ste 2 <l
(scattering) 5o 23] A3} ol& Wl difo] Lor] FEE sh= Aol

2 54 [64-65].

(2) Ar-cgel A2 97 EA
az-sEel AFe aTHE Bed EyogE AFoEdd L A
7] ATA(< 1 O/em)T B £7] @yzozm 58H Ast =L st
7] drE A de] BAlEl Yatsmo|th HARAS 97 ENozE= A 239
Ueld wfgl 2ol ax-cHEl HZ Alole m== AR Fe Eol7] 4
3 AA=s 3 Be A4 ZdolE HASH= A a orAgs AL &Hadol

a7

eV)E ZE Awh Bol HEHoiA FAB, 6], FH FAA A3 Y
gol mtek 4 $4 % AN Aol Telsm mrke FEelFe el
A AzE gol FolAe wdol Utk wad FHY Au A2 FAT

=284 E4S 2 &4 FHo 7Med Ax-=Ed A& s g

i
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o] T3t

(3) AolE BaZe a7 =4

AlolE HdFd 27HE EXoze TAARE A4z 57 47 =
e dd B 107~107 Aad A e TEAGSE 2o A §
22 A7 A% B2 44 A5G 19 L B TEAYN 2ndge o

7l #HF =y WA 120 m)olw AAY 789 OTFT 7d2 #

PVP& PSE FHAZE AME3t AE3F cross-linking agent® Z 33t
20 molste] THFAE(~300 nF/an) B2 P4 ABA0° A/anE ZE
cross-linked A°|E AIAHFS FHAAS A7) ©3d v dd67]. 2er}

=82 7[32 AMEE Z, 21 AE77F Hol= Rms—~3 m o] ol=

2, g7 AolE HAFSAdAM e 44 d&(pin-hole)o] A HAY, #d3t
9t =¥ (step coverage)7tF HEHAH, HEF FHI) gAFge=zA otHA
vl Az AFpe] oAHA € mEs FHME EH29 7[8E

AR ASolE OTFTY 54 TEL 913 200 mol e TAZ e

# W 54 @A ACE BaFel AR 7] wEAY 1FY P
g 2o EW Ao AT Ao BAF Ao BAHE £
e e} et e Aols =2

at
i AgHe Ax-zdl A5 2 F7] 245 Az A WA #7
HEA 2 ZHEA A2 %3 cross-linking agent® 7Sl
cross-linked Al°|E FAFS Mt 475 Bol I 9ItH[32, 45
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7] &l TEE Si wafert) ITO glass 2o] 7|t 2 AolE AZg o

7k, OTET 7 59 A& 34

(1 F71 8459 Az 39

7] BAF Az FHA= ZA AEA Fr7] HEAE ATgste 21F
Z 2 (yacuum deposition)d TE2} 7] MEAE Adsie &d FHY
(solution deposition)e] Yot gutd oz §7] @A ZF9 Bz FTxo &g

F4e OTFT 24 Asd & &2 uxs] Wed 47 8459 49
Ae 2 PR W Fast o e s oFEES 97 ANHE A
S 7] B4EY 24 AE Aol
Apol9] m-n stacking W@l AF £F PP 2= WEHm, o & 3
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ofeldt OTFT &4 As< @4str] 2= 23 SAYdAMe T2 5=

Wi,
E

re
It
N,
e
H
)
or
i
i
;g
ol
b
o
)
o,

(annealing)7} F83F

ezl "Hoh 21F e FRHEE ¥ EFF¥(vacuum thermal

olN
i

evaporation), -F7| 7|4 H{organic vapor phase deposition, OVPD),

L

7] BAHd F29¥(organic molecular beam deposition, OMBD) S°]
b, 94 IF dFAE 2> ARA #7 222 ATse 7V AeR F
oz 10°~10° Torr 9 AF el Al Az(source)e LAY FLEL
7hdstd ZISAIA IS Aol 7]Ee dA =

Aote wgolth o] W e AHdoze 2o 7 FUAE 43 FY A
HWAS & 7 R AdHeR 2 24 anef 27 78] A1 g0
=gt @A ot OVPDYH 2 &Ad(nitrogen, N} £+ o= (argon,
Aryat 22 =AE 284 gy 71AY ZF S

A
b Jlpos ewgosd Yo PEos s e degos

e

B 42 2ol

Holth, OMBD¥Y2 %17 F(ultrahigh vacuum) 3hellA vl

¢Ed Tz JUEE e 7] W 4F vEe 23

il

T A (precursor) & A3t & dt= A

=4 g2 A Yo

rr
o2
%
o
2
Bl
r]I.
it
2
off
m

= el GEe vAA "Hu73-74]. LRt oE & FHA o8] £
452 HAste dele 29 =893 £ A"y 5ol HE&HA9A
o 23 ZEYE 2 EF A 22 Tt &4 gl H e
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22 Ad Aol A7 e FARs Brhe FHol U £

298 47 e BA FE=E A g8 AT F A

ax-oHel AF9 A T T WFy F2 rEHsad
£ tiilste =3d A4, 432 ZHHE, vtolZE Y ZHUY 5 F=2
ZHAE FHel HE&H1 gtk o T Figure 2-5¢ Yetd 233 A
2APS F AAAR AEste 72 e 52 ol &std dRg
B3R E HAT & AFH A (squeegee)S F3 HoAEE W HE A
olA7lE WHoes 239 wAAE ol &ste dste R AT F HH™
HAL A T 4 3ol & FE vl A= FAH| st A4k
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Figure 2-5. Screen printing method.
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e HdFoE f=2d ZWY 33 W3 E of&she WHolth of WY

B Az Ae8d dAAY 2EE A (modulus)s #HH 9 m
[76], =4 mTFe 22 F4= FAHAE 7 Ju[77). vtel2=2 A
TAELE o[ &3 OTFT A= H& selZ& Audt Ag A5L HEHYF
-9l ASERE obeH27-28], & FAHA 4% /7] 4% A
= A IS sed et #E 4 E8HA A n78], BEF AlClE
T HAHAE AA 2952 528 7[R Ao FA st Y Z(nickel,
Ni) A= FAsted F49o 544,

o] o= ax-zegl AZL AZste W s Figure 2-63F 2o
oA E ol &5t B2 =2 WEAA 7[A HE(bubble)}2 TAAHo=
M AZFS 7Boezg AoAlF& #HolA HAMH(laser thermal transfer
printing)[79]7 E7t44 EZF EA &9 9 HEE JZdHste
Wl PB4 (embossing)H[80], o] Zhaid o F i 55 EH A}
ole] F& ZAPe] HAHY HolHv F= ¥(cold welding)E[81] 5]
A THS2].

Figure 2-6. Laser thermal transfer printing method.
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7b 239 A4 MAYE

d AdHE T A HEHE A5 He 2349 A4 A
AUFES olsfslol vt 234 A vAYSE 24 EF(rolling), =
, 2 29, slE = (eveling) 22 o[ H W52, 83].

(1) &% (rolling) "AUE

S0l 239 HelAM He|ZEZL AF X o) AEHEILE
st A2 23t Figure 2-74 25T o #Ho]2E9 #AHLE e
d Figure 2-7 (a)oll A =FA7F Al S $l& = 5

A9 o]y B~Ed &4 @~@2 23¥ HdMEs g9rst oz
[ty 239 HllA O HAY #eol=Ee 2FA7} EdA GE °|F
e At 22 HA ARSI Yoh = X T4 Ho|2EEs XE
AAFog sto A2z AdstHA 239 HE FHLE of[FsAd e
AL & 7 Uvh olFA se[2EY EHolFF EHste #HoliEY EH
HES 2F Ao AR At s F4 AT HEZ A

[» %8 6
JN ﬂ r]r [,
ol

2E<, Figure 2-7 (a)9] EdA G Abelele AAst A7 AHL 2
W Figure 2-7 (b)e} Zo] 2F7A "M 2 Wagoezw J2 wa 3l
th REeE o] W 2= mpAAe HY o=y H Ho[2ET v, o
HolAEs WA AlolE FTasted 7lde FR =Ed oA o] ted
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578 o
(a) (b)

Figure 2-7. Rolling mechanism of screen printing({a):paste rolling
behavior, (b):paste passing vector on squeegee side.
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Squeegee angle
10°

20°

Paste passing content
=
/// u

Squeegee speed

Figure 2-8. Paste passing content by squeegee angle and speed.
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opening screen

BT

paste substrate @ 7 i 7 “

Figure 2-9. Plate separation mechanism of screen printing.

(4) =¥ (leveling) 72
W Ee T4 Hol2Ee 7[H HAAAM 22 F(FEH A F)o=
FAE A AY RS "HEdg e HdE F HH HA4L2 Ho|~2E
dlezx EA4F 793 degHes AHHY
Figure 2-10°] 2329 9142 23 E& 2 2, #@493y daAYZdAA
of Aek £E29 FHo[2EY HAE ¥IAE YRt 23 HAUSFAA
gastes Ao 2= ok 10°~10" 162, 2 Fd 93] seo]2Ee HAze
AAE] Z4stA Ha, BEE 9 BEY AAYUSAANE A =FA ZH

lo,

HE g4 @4 wols "€ H9y FPANE so[2E
o 29 F27 Tl e} o 107107 Vse) Aw S5} TASA ¥
A SR sol2Eg FE W AW FAd = JBL
w27 Heh & slol2E9 FE 2ol WA W U4 Aue Gy
S Y ER =W A4 A3 2 9y B3 T

It
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(1000 1/s)
;- Fast
Viscosity ’."
. ," , Paste visocisty
S S, recovery
Shear rate
(10 1/s) Slow

Rolling Passing/ Leveling
plate separating

Figure 2-10. Paste viscosity variation and shear rate of screen
printing mechanism.

etAg # B2 E HF oA A g{clearance)

g EEA77] #3 2FA A E(squeegee angle)

EESd @ 29 £24 9% T2 2F7A £=
(squeegee speed)

@ =39 9 #Hol~2EE Folle ~FA ¢ (squeegee pressure)
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Printing
condition
(Squeegee speed, Propriety point
Squeegee angle,

pressure)

Paste
rhelogy

(a) (b)

Figure 2-11. Conventional(a) and new(b) way of thinking on
screen printing process.

4% 9 nPFEEZE zZte 2Hd#H s WA AREDI i, =2 94
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71 99 94 HAE AL A= 49D Uk 23 AR A, A
Wl7] Z'E(mesh angle) =@ g el FPL Tiu AHdE A BA
o Ay ZEE 225 °7) Gel R, nRH A L DHE Mo A=
g A% 3 ARAA RA7 SARGT, 045 ° Aol TFH Aw]

of We ¢4 A 22 verfgiedsd A42 Aol <ldine
H4L dE 33~39 ° Alolg) Al 2Er} & HFEL ¢ & YA

Q L]
Meshangle 23° ~~ 24

el A A% N -

TN Y W
A EeEE

h ik

) A k.
FAYAYY i L]
- ¥

3 ol 14
©“ o 4 o

e [ A g
£ ¥ W Py
£EE N BN 58 ok

*+ 100pm

(a)

=+ 100um
(b)
Figure 2-12. Comparative screen printing patterns by mesh
angle.

Selm 23 A4 A, HY PEAE 8 2Ae o] 6

AE HgdReg 4t 74230 JREE ¢ Fasith ol A9
Figure 2-13¢1 Wb 23 Zo| w2 ¢Ashe] 23 ZAL 2= 3



A 7hs(calender), AF EFHA os) WAt JpEAbel AEAl G2
Hol W F¥e zZte 23 w4 (a-mesh), A HEE EHAAA
Terz BdRE 54 ZEdE TAHY A3 F, HER ¥H
obdet 1A= AiFe SA4s YE= Voscreen 50 H&%H1 3t
olefg Ad red 4 Hde HFS AT E7 of FAke A
£ oAz ezA g A E F2F £4L ez JH87-89]. =
3 HEdn g zpaTe] ohd FE&THow st HEF FHER ofY

g A", mdE =2 A+ ALEE Zbe= AP(additive pattern) mask
o}

1:1[_]:

FiE

(a) (b) (c)
Figure 2-13. Various screens for smooth stencil({a):calender, (b)
a-mesh, (c):V-screen).

239 A9 Agde AL HA SE(alignment)E {3 CCD
camera®] AT} 239 A A 7A AAY £ FAFo] L7HH,
T He Fol2E 2 dASA FAAII] Y HolZE AT FF
7] (dispenser)?t & HZ ol Ho|2EY AA 2 FLIL AAsH
A AF FEY FAE NEHS SHHO1L

FHol2E9 Afde, nAA AME s Ho|2E ESAF d4d
Ao 91 HEA 2 d5A, 2 AZUE 52 e §tH, o[

Ha) A=, 54 AgA "HA4AEZIAM(thixotropy index), 32X (yield
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stress) 53 22 FHo|2EQ #HLEA FAo] wj$ FastH02-93].
T HA2E2H4L so|2EY JHL JlEA HETL 2olx fEAH
oAl FHASE oAl g AEHE Eoprke FWEA AHIL wsbed),
23Y A4 A, HAERZIN] L2548 Ho[2EY EEAHL +731A
Rh #HEH AAUSAAN B8 F@8A vhubd 4 gle] 2 HFEIR HFo
aTHAZY, Ho|~E o BAFE vw[gxate] Yzt 27| 2 #Ho|2E-
Az ALMHE A A A5 S mefsiold Tad o424 F
o] ~E W ¥4 Zrje durdo wAle Q= o s 1/3~1/69 =
T HEAAA wpFR S TH[94]. =3 Figure
FEE 1GA AdHE Hsl mefsior g
2% Figure 2-14 (a}& 2™, &+ £F AAYUZAA Heol2E9 ZFH
FE(v)2 2399 FH AF ARG Aop 23 g L aE]
Zasta(@), 71 FR A AUA(vgRie Fetop 7] ¥ad
Z7 (D) EEA 0] Fobrth EF (b 2ol #¥H HAYZAA
Hol~Ee @ A"o] 7[we FH AF oA BT Folopx] 2 SA
o] S, HEly A FAANTG TA FEAHA FFS FA HoH93].

S

L

rr

Screen A

Y

(a) (b)

Figure 2-14. Effect of surface tension of paste on
screen-printability({a):separating, (b):leveling mechanism).
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So] AASY el ) L& ARGl = TAA glon) He AP =
A=Al BAZ ks BAEe g w@, Swo=4e Ag H3T
=gy 29 A G50 Assd =0y 47 ARHE B Fu, w4
e PHos A=A Bl gl AN ofdTe waol Ytk wey
oo e 3719 Ag F9HE A8 i Ag MolEEY g
wolz2 =79 Ag HSHE EBoe] A8 o]0 = (hybrid) Ag
o] xEZ AT Awdel wA Hd G4 L nAEH| FAd A5E A
224 722 v Yoi{95-97)

(2) A2A 725

A=A 71REY e 53 dd#Es ndze ofFd oz A=AHS ¢
ste 242, 2 T&E Figure 2-159 Zo] 493 B3sitt w4 5%
Al go] 2AAZHA wjdsted, 2 ZAA7E JFste] 3 YAE HA S
, Gab AR g&Ee A 2§ structure (aggregate) TEE FHSlm
Atk HA AIFE L gle AREY FREH [Eoly T dAadd
s 948 BT E FEINAA M= EFE(furnace)Heol o8 Al
FHEI glon, I 9 opAEz 7t2E 1800 Tehe 129 E3f LA =24
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T 7t=3t T A2 o) AzEHe Ad = o] Ut

A=A 742EH EAL Fse 33U Sz YAHE, structure,
A2 xRy =3 EH MHds 5 o dcd. ofdFd SAES 2T
24 7RS¥y B, FAE, HAE 444, H7] A2 § R EY
A+ dnh "1A YAF S RFEe] 10~100 m P el 3l
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ojf
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Figure 2-15. Structure of conductive carbon-black.
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Carboxyl

Aldehyde Anhydride

Figure 2-16. Surface functional group of conductive
carbon-black.

0 A=Y 879 =d A& g4

datd o g Ag F¢ 2] EA HA(conduction path) ¥4 2 Ag 90
o] HF o3 o] FoAXH, o] W YHEHE M| AEH 2 Ag 9 A
o o8] AAH= HEZ AP Ag #I9d AA A os) 2AH
o mEt HE A g HeaE 7] AEA 2 EobAH, Y Agi} st
olB ez Ag Hol|2ES F4, Ag 8 HF w7 o] FHobAd A7 AEA
of FolAw ZAFAE 4L F Ju AR FREHY =H g2 FHAH

=d 7t d2A =4 F247 Tunnel &3
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o I YA7 = Figure 2-1590 Webd diz g2ste] =49 A
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(agglomerate)E A St it ol structuree] Z2[ v FTAA Y 4
WEZ 2 M M2 HEstn Jdotd ndze g4A ol Fste] A=A
ol daEdee Ttk vk 1957 Polly9t BoonstraZoll 9 &) A ¢H
H Tunnel EF4(AA} jumpd)2 BRF structuree] W23 722 =
geetx] @2 g2l W R =Asts A o3 AT dA
& A9 gap?t A=eh At HAZE AFFozA AdEH 24 A
o Wae RS Y structure 4o @A Gl YA Aol 9] gap AH
o @@= weudtn FAsts dolth F 24 WEH 2 gl A
Aol E nA A7) jumpste Ao 23 “Tunnel 32 A7 AEA o] vy

doteta 2t gleH98].

o M2 YE 4R S (flocculation) EAto] TAlEe] o ~E 9 {F
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Waals @183 A 7] o] ZZ(electrical double layer)s] =3 <3 =H=E
FEY 93 ZAPETE AL JREo® slzm Yo = AR AsFe
EF FHA oUA Ve S Aoz FAHG

Vr = Va + Vp (2.5)

& 71N Vae Van der Waals 918 st T2 o= Vg2 A7 F
He ZRIA iAot o5 ERAE AR YA A= thste
Figure 2-177 22 o] Ht
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2o F EH2 oduA] 49 ety 4 ¢t Sl = Figure 2-18
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Figure 2-17. Potential energy curve by distance between particles.
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(2) YA7el &2 (steric hindrance)
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Figure 2-18. Two ways for d15persi0n stability((a):electrostatic
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2 Figure 2-19¢ 20 =, <t8 422 v Z 2|3 HFH(wetting), &
A A (agglomerate) 2719 B {grinding)oll <3 wA3 EA Aefe] A

=

3o WAE 7 <¢bA S(stabilization) ]3] ¢tz Eilo] o[Fo{F
I, ol T o= & AEE REsivd g5 2UAAE e A2 ¥
A € HH105-106].
(7}) =& (wetting)
gts ®He F7[¢ ELS HIEE AEse FHoH F ¢E EH
o SAskE 7% o] AAHEA A EHeE A H LA S 7|
A R/F7Ne Al nA < HA AR/ 5] &)t Aoz W

svl, 7 gele 9z Aole) Fhes IRVY o FEAL 9B
WA G4, TR 34, A2l FFE 7P Sl dEH, ¢
o]  olTHIEE 1 The FAY BAAA FE quUAE A7

etz o) wA g} o] FojAEE o] FHL W Fasih

i

(1}) ®4(grinding)
g A 2AEL A9d 272 45t sHAH. = 7IAAHd &
(F2 493 Adeg)d o3 ¢tz A= B A =277} Fet
T F2 A8de 247 29(bal-mill), M= (sand-mill}), B =Y
(beads—mill}, 3-roll mil o] 9lo™, HolA2Ee Hzol Bit o mat
24719 Aol AAHT. 74 FAH o ¢ts dAT}t FHopAH ¢k s
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Figure 2-19. Three step of dispersion process.
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A Byoz FEHEH, ARAF B 2HAE F&

A g 3 AHALS ASAIA 4w FZR- FaAsrle Heu 2o
47 delyt BeF FAde =95k,

A9 Ast gaude B A3} FAAAMY B
[107].

A 238d A2 B4 FAAA em, BAA(EAD, 4= A
2 Y AR ES T HolZEY i DA =
dEag g B 5ALS d¥ste AEAY o|£ 22 Hansend 334 &
314 32wl Eb(solubility parameter)[108]¢} Sorensen®] ¢} #4FA| <)<
dEAgd dg 4k g7 Ag109le]l A5 ol &% gitH110). Hansen
2 32k &3 SAerEle &9 deteE 62 E4HE AR &, SA4H
AE & 3 T4 2RY AR &GE WA Azt Aol AT A7)
olul g wFF &A 5L ol &8t EAA(FANG AR S A

#Ee o5 Zel A48
ook F ¢, BAAGEA) 2 &A1Y 38R YA 324 &3
g e e el 249 W, FEE BACE ezt

@ BAAGAS §A9 334 &3 B %8 TG &, )
ol e A
@ BAAGA)S &3 AAAEd FE ZHEG, &, &0l RS §4

g g FAY Bl Gl A

e 3Fd g sl A% FTAEY R Zas A§A
Z23d AAHT Yok £, TP A SA RN o[ 8T & U]
o] A5 o]£¥m Y. ©H, Sorensend] 4t - F7 APE “etzd
BAAGA)SG S ZQCE- @7l AR AD B Bagel 24 HTP
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A "Hrh grdoz vl £9¢ LHES WA 4A v
7] g updd et AeAHe] 22 aE8F " IR FIgRL 2=
IS BT ZE BAACE AFRHAR AR, Ag #Hol2E9 A

7t BALA A Ro] HFe HEAL ZHAAFE mlo]d A ALl F S

ol ZAA AbEeol fA @A EH107]. meb mEAFS 2AAE

ojzEel b il Ag HH ERF FAPo] 5P head® %
| speidebe) FgEe] 2o mil%E e ARAFY AVSYAE A=
¥ "ol ERel £% YAPoEA A4S ga gl 471 vpId &

AZA FIEREHL FIE2EHY structure’} O ol viAEE 4+ g
4 SHEA FHREH Eibold At A HFA structure T 7
A Bt 3 AEE ad ez fAste FHCY 22 ¢ o A'
b Az Tl BAAZ slREHE, OSHA IHE SASIE e FA

Ake] FEste] structure”]
Al (agglomerate)=2 S8t v ZF$, Qstructure7tA] & E4ksta 9

e AA TEEH, of 4 AEe dEACY 239 A4 AHA
5 2= Hol2EY M & TS A Hoh F 24 F
A el RS SFHA E2AS s HS, I SFA T agglomeratert
structureol] 9|3 o] FAA = EA 2 FA #HAL 5 g7 WHEd A
Zasta, S5 wWelgly A o3 sleo[2E9 4 HAAME F
A EsHA "o Zey, 7RS¥ Ei4ke] WUF A=A HUE A
T, 24 32E JAT 7 e RSy 4ETEV) FaEH as2a}
TA 7} FtRSHES 43 AfAA el m so]2E9 AdA S o
L, structure Abol9] AEA ARl o3 = 32 FAH2 €A Ho
[98, 117-118]. A=A FIR2EHY &4 THd 9= T 892 ]
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A7 v ERH, structurest EFH AR} SledH, structure’t S
& 2 B4 A fsta, dAAel A v EE el 242 B4
o9, pH7} 22 g 319 AudeE 37 4z, 24te] #

[119]. 53] 71259 9 dele 244 2 vl +A%9 333E
o 7v3 & 9%e vA

0]

o,

[s]
[ S

it

rr

5. 4 £ Z A (Rheology)

A AR S-S 2A

A 222 Zd2 ¥ (deformation) = EE(flow)d #3F L o2 7
7|22 S8 (stress)dll WHE ¥FH F Ao jF WH HAZAMFEH A
Z+etth, Figure 2-202 A w3 (shear stress, T)ol thdt e =(shear
rate, v)°] #FAE Uebd T Zo|th o] FHL S-Sistress-strain) curve
g s, B8 ARY §FFEAS Al HE s rlRAHd fde
2 A grh 4 262 BH S-S FHAA Jerle A9 y/AdEE

= A E(viscosity, n)7} H1 2 7[&7]9] EA wEt g 47}A ¢
FA ol

T =1 %7 (2.6)
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Figure 2-20. 5-5 curve of rheology.
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(2) 94X 5 (pseudoplastic flow)
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nEE B BAYAL B4 23 Tz Wakd 94 =

53 5 A2 B g 9t "HAEZY(thixotropy), Al
{(theopexy), W4 e|HAl(dilatancy )’} ZAH ¥, o] 2+ B4F 4=z}

_E

FH A7, B4 Yrbed BAbEl, B4F A 3 Adsabged o 23
Ast wRke s AAZE o, w2 PRol AASHE Al Algelde
2 & F2olE=(colloid) £ 2oz #F Rorzg o ARy oy
A gk ol Zeol JAFH A=A o3 F27MFGH e A-S(sol)-2A W3

1
2 wolx A2 Freundliche € 4AE29atn Egoh

2R AE w3 Frken ol 22 "42 A AH #AL m=g
Ao AupEzo Zrlo wat dur| HAEr) Zr)she gdeolyA] ¥
o] tH[120-121]
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g.

o

Z A=A (dynamic viscoelasticity)

(1) B4 Fay 39
A3 A3 (static weight)o] obleh A5 Y WFol} A5H A
9 Aede 54 Fedoldn Bth ¢ m: WFe Frgez W

st 4% Bed 2dg v, gg 4% 20

Input => strain @ ¥ = Vosin(wt) 27)

Qutput => stress © T = GYosin{wt) (28)

Z ol $Ad y22Y FFE sin FHE FHE W == £

2 283 2o A7[M Ge A Elrgidity)el L, A 27404 woe HW ®

-

w = 2nf (2.9)
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Figure 2-21& 4 494 239 ¥¥H 232 yshd 1zl
_c;:n,'[

G714 &= WHHR £° Tae

k

TN A5 BE Ge AUAE FA AFRGA PEE 4

=
£ (loss modulus)ol& R EH. &8¢ G, G'e #AESE 2 211 JeERiS]
=3

tan 6 = G"/G’ (2.11)

AAz Ge dux B @3 #¥e] i1, G'e JduAE I
W a=s) weEzz HA9 el e Aot mEbA tan 842
detvd JA = g #™E YA E JERAH. tan 6gto] =H

o] Y2 Wol AT Yo ARA I Bx FH 45 ME

e
“,
HooH

o
fie i

9, tan 53tel HOB B Fel FP WPl Ysm AF Az
AY med geiA BHL Bol AT Yt uEA BI wt 2AF

Aolgm BeP 5 YUtk

oot

i
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Stress Strain

ahuwe
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Figure 2-21. Strain and stress of dynamic viscoelasticity measure.

54 AdeAL A ste drE o e Figure 2-229 Yehd iz =24 44
ZyF kg st A 28 mE G 'L =& st= amplitude sweep
% 44 58 st dFrd mE G'I 'S SAHSkE frequency
sweep®] Ut Amplitude sweep2 EZ9 A8 AHAYA 9D A(linear
viscoelastic range, LVE)2 #Es}7] #3] Aste Aoz
dAA =49 G "2 HYgF(plateau range)S ZHA HI
el st 28 shdAM 2L TG S=€o] vHste ¥ HgA

4Ag A gt a3 o2 2AY 4F dese 2 29 s

K

Al frequency sweep= =ZEHT. EF amplitude sweepelA] LA Fhe
G'o] ZaHE7] AT do €8 L dutd oz AEXZE Hosir[E
Fh. Frequency sweepd e G'# G'8rb olug} tan 69 complex
viscosity = A St 2do FEAFH 4 @A HAAH AEE #

e TH121-122].
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