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Fig. 2.5 Load map of flexible electronic device (In Europe)
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business —buying those in the Usually successfully large user development (mainly organic)
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display backplanes and other
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Fig. 2.6 Worldwide research trends of printed electronics
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Organic Printable Electronic Device

Problem < =
Multi laver: Register Control Multi layer- Thin film thickness

Printing resolution: High resolution Surface roughness: nano

— o L.
— <

Target for the Printed electronics

= Register control : below 20um - Thin film thickness : helow 100nm
= High resolution : helow 10um = Roughness : helow 20nm

Fig. 2.7 Patterning and coating process of organic electronic device
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2.3 A4 AAAAM 9 v 2/ EHY A

ne
(=
a2
ro

Table 2.1 <14 A} 7lzolA A&H= dHiEAA &4 7les eI

A2 A& WEA At MAFH A4 &2 BRI} besn] 2o g

Gt
ded B =" Vlez: 8o Jhedtt HE4 e dxdem 2o
(Gravure), =¥ 4 (Felxo), &A(Offset), =¥ (Screen)se 7IHeo] o, v HFA
e dEHezr JAA(nk-Jet), 2EZo](Spray), =Fttol(Slot-die), wWEA
(Metal-Jet)s 9] 71Wo] Atk ol#d 24 ¥4 a2 vdd e49 adest vt F7

[e}
T2 A8 Asdd wea zF A AR Lol AHget 3 ve=

S
A
o 7&w YEHE ague], TUs A o &S JEHow FEHo)

= d
A% 2o YA(inking, 2L Fol ASAY M2 e & Fo J2E ALY
\ 2 s 24 J1zolg

Z 718 GrdE, 25, Fol o) ol AA A

(i

Table 2.1 Convention printed electronics process

Conventional Printing Method

Contact Printing Method Non-Contact Printing Method
Gravure Ink-Jet
Flexo Spray
Offset Air Knife
Screen Metal-Jet
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Gravure Printing
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Feed Ink to Gravure Roll

Store Ink in Roll

Store Ink in Roll
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Fig. 2.8 Characteristic of contact printing technology
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Ink Jet

Using the thermal bubble or
piezo actuator
— DoD Printing

w DoD jet, nozzle clog

. Dot & Line patterning

< Multi nozzle & low throughput

(a) Ink Jet

Spray

Using the Various force
(Gas pressure, Electrostaric,
Ultrasonic)

— Fog or mist spray

. Use to coat the various ink
» Coating & Mask patterning

« Low cost and mass production

(b) Spray

Metal Jet

Supplying the air pressure
— Metering mode
— Squeegee mode

< Mass production

» Uneasy control the thickness
of film

< Use the low viscosity ink

. Justuse a coating process

(c) Air Knife

Supplying Heat with piezo
actuator
— DoD Printing

Use a specific fields
(Silver ball, PCB bonding..)

High Technigue control

Uneasy control the drop size

(d) Metal Jet

Fig. 2.9 Characteristic of non contact printing technology
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Throughput vs. Feature Size for Typical Production Process

100 —

High (=1)

[

Thoughput (m?/s)
rdediwm {0.01-1)

5
|

off-set
Gravure

=
=
3
1o - . . . :
High Rezolution | Medium Rezolution | Low Resolution |
lum {=10um) 10um (10--50um) J0um {=3um) 500um
©®OE-A 2009 Minimum feature size

Fig. 2.10 The Resolution of Various Printing Technology
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Table 2.2 Characteristic of printed electronics pattering

Gravure

Printing Viscosity L'a yers Featuresize SECEE: teatio Throughput
Method (Cpny, || Fmens 7)) - (m?/s)
g (4m) (4m) :
75 >20 3-60

B 10- 200 <0.1-8

Hlesberapliyl | o8 500 0.04-2.5 80 <200 3-30
Printing

Offset 5000 - )

Brinting L6000 05-2 10- 50 =10 3-30
ik 500-50000 0.015-100  20-100 =25 T
Printing

Ink jet

Pt 1-40 0.05-20 20-50 5-20 0.01-0.5
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o A%49 TY FWAIME )Ee AR NERE FUEE Wk el BF

A 45 4]
= ¥ E# L2299 (photo lithography)y #lo] A Al 7 (laser ablation) 7]®¥ o] Ab-& ¥ o] %
o, ARl SHE W ¥ S5 ML Ut wEpA QY Vles &
&% 10um ol3ste] HE Y 7o AT sido] o] =i gl 10umeolshe] 1) i
HY 7le2 2o a3 A8 Zokzme] iyt 7heddt sl ) dA slso] b
A @A dAE S5 F F s 7lFe] "ok

Table 2.2= <14 &4 71w HEA] AHY &4 7lee] 545 Hed ZeiH A
29 A= A, dEd Fol B dHd A% a2ga 4 349 A SHAM o
2 ALEE A8t daAs AQdstae dvge QA4 34 AEHY e =2
Bde B F7F slow HEA A ek 7, a8 dEHY = e 2 A
olo o & HERE Z4ZHe T B v A= 54e et

Table 2.3 B 29 o4 7«9 545 bt 28 34 &77F 7hesty

Table 2.3 Characteristic of various coating process

Coating Methods Table
Coverage [Cost I Subsirate
Viscosity, [Line Spd Wl Coverage Unifarmity §Catogory Layisrs Effct
|Metivod Class |range, cP  |range fpm  |range microns % (11 oy 2] (2}
|AIr Enife (2] 1-500 L0-400 0.1-200 5 L 1 L
mebening mode
e knite D E-500 1282000  [10-20 [ L 1 5
SquUEsgEs Mmode
Bladefmife [»] S00-40000 |350-5000 10-750 10 L 1 L
CHp &scrape =] 25-50:0 S0-600 45-250 10 L 1 =]
Chp & Squeazs O 10-30:00 S0-1000 45-450 10 L 1 5
Flaating knia L SO0- 1500 TO-2000 =250 10 L 1 =
=S Coalar [ SO-1000 103-1100 -5 10 L 1 LK
konife over blankel O S00-10000 | 10-200 S0-Z50 10 L 1 L]
Fonike aver foll (=] 100-50000  |8-400 26-T50 10 L 1 r
|ileyer rod 2] 50-10:0:0 10-1000 4-80 10 L 1 M
Grame lad T0-20:0 25-Z2300 175 2 I 1 5]
dingcl . chamibar
Gravure, direct H 1-500 25-2300 3-88 2 | 1 ]
Graene, offnet H J50-13000  |10-1000 3-206 2 i 1 "
Ianiscus H 1-50 3170 525 10 L 1 &)
[Mhicro-Gravare H 1- 2000 1-230 0 B-B0 & H 1 i
Cuntain Precasian |P S-5000 200- 1000 S-500 2 H 1-18 1]
Critain standard |P 150-2000  J300-1300 28-250 5 1 1 L]
L34 SO00HD- 1251825 12-523 & H 1-5 ]
Esiruis ion 300000
Slide 3 1-500 20-1000 Z5-250 2 H 1-18 M
Slot die P 15-20-000 20-1700 10-250 2 H 1-3 i
Seray L T0-30MH S0-400 S0-340 10 L 1 =
Comimia = 1000 30-1000 20-350 10 L 1 M
diractindired 200000
=] A 40-1500 45-800 10-150 10 L 1 &)
Lo} 2000 20-1220 1100 5 | 1 1]
Chirect roll hod meit 250000
Fonavard roll = 20-20:00 10D-1500 10-200 10 L 1 Fl
Féip nodl il 100-500 TE-2000 TO-1F0 = I 1 i
Faverse rodl E] 200-50000 J20-1700 14-450 10 | 1 L]
HReverse roll hit = 2000 20-1220 17-100 = H 1 L&)
rmai 250000
Reveras Rall s 200-50000 |20-1700 14-450 2 H 1 1]
Pracision
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Fig. 216< #7] 9oe 283 vFd A4 245 veyg. /7] o 39 34 &
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# Polymer-FET #» RFID tag
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# Smart Textiles

# Digital Paper

# Integrated Polymer Chip (IPC)
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> MEMS

» Visual System

Fig. 2.16 Various electronic device using organic thin film
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Fig. 3.5 Fine atomization concept using electrostatic force
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Fig. 3.6 Two models of electrostatic fine atomization
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Fig. 3.11 Result of electrostatic force experiment
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Fig. 3.12 Result of media ink Jet mode experiment
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Table 3.1 Nd® A7) EAF Al2Ee] ARFxolty, Ho whe sjey 992
Hom Ho Ae V1Y A$ 12kV, V2& 5kVE A3 Qo).
%l H A=A 7]3o] A8 7Mestt. Ad718 ~xgo

ey ZAA9 EAL F2 MYt At a8l A Ax AZgo]gE 2%k xw

Table 3.1 Specification of electrostatic spray equipment

Item Specification
Max. Patterning Area 10mm % 10mm
Capillary Diameter/Volume Out diameter 1.6mm / max. 200
Monitoring Laser, Camera
Camera Magnification 0.1 ~ 8 magnifications
Max. Voltage V1 : 12kV, V2 : 5kV
Max. Substrate Size 26mm x 76mm
Equipment Size S00H x 750W x 300
Power Part Size 300H x 460W x 400
Aol = A7 2ol EAF AAE ol &3 A=A A ZHd AF 2 v
ey AR LAY A e A% Bad sk A4 JIL2E PanipolAhe)

= ATk 71Ee 1EY ITO T AXEA
Frg] 7]9o] o vl EAe] fidg B E 3tqlaL, npaaet 7|de] AgE Ha
slsl7] f15te] 5 whaAol 271 & A Fseith. 1 A9 Fig. 3.20% 22 =g
o] A7 140~145um o] 9] dot array HE-S FRIFo =N, v EA 7|l =

o e A% AT

o

Fig. 3.20 Result of electrostatic spray patterning experiment
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Y
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Coating layer, © ET or Glass
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Fig. 3.21 Transparent electrode film forming technique using electrostatic spray coating method

Table 3.2 Process condition of conductive polymer coating using electrostatic spray

Printing System ESD system with nozzle dia. of 50um
Spray Material Conductive Polymer(PHS00)

Additive Material Glycerol(60%), DMSO(5%)

Substrate 3M PET film

Apply Voltage SKV

Spray Time 1hr, 2hr

Curing Time 30min at 120C

Layer Thickness 650nm (at 2hr sample)

Transparent 70% (at 550nm)

Surface Resistance 150Q/[]
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(b) After Dry

(a) Before Dry
Fig. 3.22 Result of conducting polymer coating using electrostatic spray coating method

(b) 2 hour (RMS: 4.6nm)

Fig. 3.23 AFM image of coating surface from spray processing time
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Fig. 4.3 Result of air pressure spray analysis in the low air pressure
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(a) Volume fraction of fluid (1:Water, 0:Air) (b) Velocity magnitude (m/s)
Fig. 4.5 Result of hybrid spray analysis in the low air pressure
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4.2.3 3lolBHEE AXgo] A|2HE Fg
solmglm sxgo] BA A2€le fig 483 Po] FY wmZo] AEHoz He=

HhE o] Eete sk vlde] dAe FgoeEA Azl :Y =

At =23 7@ Alole] A FEow zdo] s

A Asan AR BAe Hd 150mmxI0mme FAHAT. Lo FPe AU

(syringe) BEZE AHg3te] A EZo] Hu% PA}Pom wmZe FAHE ¥

& A 10bar7kA 4 -go] bl

[P]  :supply pneumatic (bar) *
[HV] : supply high-voltage (KV) ‘ "

[PR] : syringe pump rate (ml/hr) 1

[ND] : nozzle diameter (um) l

[XL] :x-stage migration (mm)

[ST] : spraying time (sec, min)
[D] : distance between nozzle and substrate (mm)
[SE]| : substrate rotation speed (rpm)
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Hybrid Spray Coating
High voltage

‘l
[]

; Tk on the nozzle surface
Air Pressure —— ’ﬁ‘u

Droplet size .
(Medium) Air pressure force

(== — +

Electrostatic Force Spray Coating

] High voltage
| IJ?] ( on the nozzle surface
r*@ nl

Droplet size
lAn’ pressure force (small) ]

Air Spray Coating

Air Pressure —s

Droplet size
(Large)
@

——

l l l l l ' I Electrostatic force

Fig. 4.9 Hybrid/Air/Electrostatic spray technique comparison

Table 4.2¥ SU3 7|99 Ag oA 747 ~xgo] BAF EAS vwd A

ojtt. stolB Y= Axyoels YAt 7] FHME T 2Zgolst v E Ay ol
o) $ AV g4 =M szl A4k A T3k A7]9 Ars 7 Aot Ak
S SR = Tk A7 dol HalA stelBel= Axeolrt T wE S
2 U & Aem dF Hy oY@ desRY dAl =59 7 24 AY, 24
dde F3 2 54e A6

Table 4.2 Comparison of hybrid, air, electrostatic spray

Item Comparison’
Spray Droplet Size ESD < Hybrid < Air
Spray Angle Air < Hybrid < ESD
Spray Droplet Velocity ESD < Air < Hybrid
* The Same Condition with Distance from the Substrate to Nozzle
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Fig. 4.10 Hybrid spray coating analysis
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Fig. 4.12 Concept of meniscus transition in the dual nozzle

Fig. 4.13 Nozzle and measurement camera of hybrid spray coating system
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3kV 4kV

(a) DoD mode in dual nozzle

7kV

b) Cone Jet mode in dual nozzle

12kV 25kV
(c) Spray and multi Cone Jet mode in dual nozzle
Fig. 4.14 Dual nozzle spray transition according to the electronic force
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_52_



o] ohje}l 100umie] T w=Eol A

oo K = o ﬂ,
do M - X Nr H =B ! =
u%ﬁﬂﬂ%ki&.ﬁq T i
— o = oR Ry R o
O_E o Jﬁm ™ 5.0 FL =Y < [
= UTE %° E_ <o ﬁl o A_I HW AT O_E O#E
~ o o) o, wom B T oo
e owx x 5w % o~
o %,_ e I S < ~
O_E 0 U_.E M ‘nv_Al.._ \‘WE file) N ~ ‘,I}I o ﬂAI_._
= w or ] T T 0| MV_#.E mp X ‘A@ T
A £z
T T B gy @ O
* o ® woxA ﬁﬂ No o) =° o ™ Fo
o M 2o my du o) - eI re X - W
X ;me o) o oxr 2o ow R ur = °
T R T
R.Ku = ol e 1oy ) B o ,OI R
Zﬂnﬁﬂuﬂﬂﬂhﬂ%% CTI
T ook © o N N = o A Hl ®
T D ¥ C T o
wOoR S 3 T A m_ my
E — o e mrt Jo o = | oM ‘ml o N
v mu o N B oor oF % N
~ —_— =
ﬂ ~ o5 T X e T o i = P
ﬂﬂrﬂ%ﬂ%A IR oy mf mm
) qor WD R T3
o/ Sl X o o S mﬂ
mi%éﬂﬂ%ﬁm&mw Gl
—_ ) —
ic_ﬂ%%_ﬂz_e%A% @ 2
o o N X ~ ,\Q H oy o ﬂo o <
LS T o S N wr v ol
Bl o = do W o Mo H = A
T ook "W B N )
o) W o — = H o7 o &=
N = @ X wom U
M moe e AR N o O
G AT ]
Rl < g
—

- 53 -



12kV | 15KV
Fig. 4.15 Spray transition of 0kV to 15kV at Ibar
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12kV 15kV
Fig. 4.16 Spray transition of 0kV to 15kV at 2bar

15kV

Fig. 4.17 Spray transition of 0kV to 15kV at 3bar
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10kV - 15kV

Fig. 4.18 Spray transition of 0kV to 15kV at 4bar
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1bar 2bar

3bar 4bar

Fig. 4.19 Spray transition of lbar to 4bar at 15kV
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15kV
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Spray

Fig. 420 Comparison of air with hybrid Spray
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4041 o—— @ —=— Hybrid Spray (15KV)
a8 | —e— Air Spray
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Fig. 4.24 Result of AMD analysis
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Fig. 4.25 Result of SAMD analysis
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Fig. 4.26 Result of VMD analysis
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Fig. 4.28 Result of spray particle velocity analysis in the air spray
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Fig. 4.29 Result of spray particle velocity analysis in the hybrid spray
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Table 4.3 Characteristic of air pressure spray droplet
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Fig. 5.11 Brightness intensity graph- After low-pass filter(bottom 3lines)
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Fig. 5.27 Data map - coated Uniformities
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Synonym /| Abbreviation:
PEDT/PSS, PEDOT/PSS

Form liquid

Odour odourless

Colour darkblue

Conductivity min. 900 Sicm (after addition of 5% Dimethylsulfoxid)
Solid content 10013 %

Viscosity max. 50 mPa-s

ph value 1.5t0 253at20°C

Density 1 g/icm3 at20 =C

PEDT :P55 ratio 1 2.5 (by weight)

Boiling Point approximately 100 *C

2) General Properties

CLEVIOS™ PH 1000 is an agqueous dispersion of the intrinsically conductive polymer PEDT/PSS [poly(3,4-
ethylenedioxythiophene) poly(styrene sulfonate)]. CLEVIOS™ PH 1000 is tailored to a high conductivity and
forms conductive coatings.

CLEVIOS™ PH 1000 displays the following properties:

Conductivity over 800 S/cm after the addition of 5% Dimethylsulfoxad. measured at a dned film
High transmission in the visible spectrum

transparent. colourless to bluish coatings

Good resistance to hydrolysis

Good photo stability and good thermal stability

High absorption in the range of 900 to 2000 nm

Mo absorption maximum in the visible spectrum up to 800 nm

Storage at 5°C is recommended.

Once the container is opened. care must be taken to ensure that the dispersion does not dry on the
walls, as the product can no longer be readily dispersed in water if dry and the optical properties of the
PEDT coating could be impaired.

Fig. 6.2 Specification of conductive polymer (PH1000, Baytron co.)
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PH1000 A%A 182= DMSO(dimethyl sulfoxide)7} ¢F 5% F71%o] #A4H 248 &
& =& AT AEA whte]l 3 o] 7bsEte) Table 6.1-8 PH10009 DMSO 5% S #7}3st
5}

)
of 23 s¥S S8 W A8E 3 Ayl o) & Fape} viEh FAS oA A A

Table 6.1 Transparent and surface resistance according to conductive polymer coated film

thickness
Sheet resistance (Q/[]) Thickness (nm) Transparency (%)
41.91 430 83.707
82.68 356 87.080
119.07 118 92.933
151.54 97 94.681
175.21 74 95.223
198.9 58 95.898
226.51 34 96.284
268.16 24 97.733

oF 430nm F7loIA 83.707%9) % FHEE A glod WAge o 20/08 7,
Fig. 63 ulvte] A wAaks) Fowes vehy 29 zoln Fig. 645 Wel 4 spgool
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430 356 118 o7 74 58 34 249

Thickness (nm)

Fig. 6.3 Transition of transparent with surface resistance according to the film thickness
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Fig. 6.4 Result of transparent with wave length
(Main wave length: 400nm~600nm)
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Fig. 6.5 Result of film thickness measurement
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Fig. 6.6 Surface resistance area of transparent of 80% with 50 /[]
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Fig. 6.7 Multi nozzle hybrid spray coating system

Table 6.2 Specification of multi nozzle hybrid spray coating system for glass substrate

Item Specification
Chamber size 550mm X 550mm x 950mm
Max. Coating Area 200mm X 200mm
Nozzle size Internal :100um, External : 250um
Voltage range 1kV ~ 30kV
Syringe Number 4 hour/Number (at 4 Nozzle)
Nozzle moving direction Cross direction
Distance from Substrate Max. 300mm (variable)

+ AdS A% Avl= Fig. 679 2ol ZdolE 7wk el Hdf 200mmx200mme]
#9 R A%om 5y & £ Yr Y Azxgeln ofs]d W stolnes sx
dlo] wzo] Wz Fayo] uhuh m8S FYsiin

A% 34 s)ke] Wy sol=mele Axdo] f7 /% 7Y A%oR 37 T
Al gl o] AbekE: Table 6.20] WERHA O™ A€ 2 Ho) 8709 s A2o] 7hsdHA
W AN AE 4] =Bl ARtk wB3 7Bl 4L AT 0em7HA &
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Fig. 6.9 Surface resistance transition according to the air pressure
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Table 6.3 Transparent of conductive polymer film with the surface resistance

Surface Resistance | 465.00nm 550.00nm 590.00nm 635.00nm

PH1000-50(R/[]) | 86.5458% | 82.9146% 80.9538% 78.8042%
PH1000-98(R /1) | 93.6037% | 91.5383% 90.2896% 88.7897%
PH1000-127(Q /1) | 94.1148% | 92.3245% 91.1529% 89.7909%

Table 6.3 3719 A|AS sto]BFgE ~Zg o] T8 3 200mmx 200mm 2 7] 2]
T g FHE=E ded Zdolu. gfolBgl= Azl IH® e oF
82.9%(at 550nm)el A 50/ 9 F1 #
A B0l AA B dFelAe e
oM Fawe7t FASHA Haete SR JPAA AT sARE dukAl Az @

st F9 W g (4507600nm)el A= ITO dAlE 918 74
A

1

oo wx 2 Qe vz A B Asgnor £47) SRS P
g 5 e 4o Atk A A% TR0 A5F o HE FAlel medtw Ak

100

801

601

Transmittance (%T)
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300 400 500 BO0 700 2800 Q00 1000 1100
Wavelength (nm)

Fig. 6.10 Result of transparent measurement graph
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Fig. 6.12 Theory of organic thin film PV
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Fig. 6.13 Structure of organic thin film PV
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Fig. 6.14 Roll to roll organic thin film PV fabrication concept
(Konarka, USA Heeger Group)
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Table 6.4 Worldwide trend of organic thin film PV fabrication
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Fig. 6.18 Result of coated film surface
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Device A Device B

All Hybrid Spray Method — Spin & Hybrid Spray Method

ITO coating glass ITO coating glass

m PEDOT:PSS (Hybrid Spray coating
) Device A

m P3HT:PCBM(Hybrid Spray coating

# PEDOT:PSS (Spin coating)
Device B

m P3HT:PCBM(Hybrid Spray coating)

Fig. 6.19 Technique of organic thin film PV fabrication using hybrid Spray
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Fig. 6.20 Structure and efficiency of organic thin film PV device
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Fig. 6.21 I-V Curve of fabricated organic thin film PV

Table 6.6 Performance of fabricated device using hybrid spray

Structure Voc (V) Jsc(mA/cm2) FF Eff(%)
Device A 0.62 5.84 0.39 1.42
Device B 0.62 5.84 0.51 1.86
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