47 7R A T YUTE LT TR
4.7.11TO pattern % i+

~F ATt gk 3d A4 5 Merck Display Tecnology = # 2 fe g % 20
Q/ square =indium-tin oxide (1ITO)# 3> & * pFx 5 2] % 3 x 3cm°2 & =
Ajod A ER BT G IT 2 A i []A) 1 (patterning ) 0 e g o TE 209 3%
(1) ke hpmgorig ® 2 ki £ 45 A g g k™7 "2 @ AF5040 i

Ok .

(2) B Sk EEATEEBIA, 0 A 300~400 nm kK K b kg 30 ) o

AN

() B ®:mM1%~2% €87 A kAZAMSKBRER -
(4) 4 % REEFESDITO pL3g iz » 50 Cek B3 R 4% 5

30 4y o
(G) 2k M1%~3% EZFAEREZ I F T“ﬁP\’Jii%iféi"J%%l‘E°

B125 1 18 0 ITO g3, UMl ™ c e Fois - e % hivg %
- it m%ﬁL °

Cleaning step Time
Detergent 10 min
H.O 10 min
NaOH(aq) 10 min
D.I water 10 min
Acetone 10 min
IPA 10 min
Oven 150°C 12 hr

Glass-cleaning process

472 % % A 2 i
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BAFFEER - YA E S 5 ITOPEDOT/polymer/Cathode cn 8 & &
# - # ¢ PEDOT it 3 T iF W iy & 0 . Poly(dioxyethylene thienylene)
(PEDOT)($#4eT)E 4 B T A2 g cnBAE RN > 2 d 208 2 ki i
Fltd 63 H G AE R IR DR fpd L e o R ABILTE
T

SO H SO H SO H SO

FONARA AR P SR et o T LR B kR en
LUMO #us o e FI4F I ed (4enfeh € Bod B Rawid oo LA
LA AP ARGUT £ RIS F o AN Y b EET - RAFE RIS
IR i ko

LAY S G o EHEGF A MEREFERL BB R 45um
Telfon A 5 Bk Bk 1S - R 5 N At ITORH 3 % &
B ¥ s 95~110nme B fs B B 3 £ B A 2L R ot E 2 R 90X
107 torr™ > 4%+ 35/100 nmeh 4 i Ca/Al o

e MR

g F R B AR ST 4 A R R R T RSN
K p kS IR o

A73 ¥ LE o3 gpkaid m%.ﬂ}#ﬁ,lc?riﬁﬁ%
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(POSS 1 2 POSS 2)

& w#-POSS1~P0OSS2® #111,2-- % ¢ *%(1,2-dichloroethane) % 7% |
fe B = 15 mg/ml =03 % > g g w2 % 2 < 2 (Device | :
ITO/PEDOT/POSS n/Ca/Al ) - Device | s3 & -7 &-»x % Bl4e Fig.4.25 ~ Fig.
4.26 #7o7 o A EF A RA E e F]¥ ud H g g Bk 28 (Fig. 4.18) - d
* POSS1 %2 POSS2 i LUMO £ 1542 B e FF £ = x> FIP ¥ avig & 7
S ACS R Y Wi A=

AL — Tl & > A g Eiafi:s;;ﬁ DR R R A 3R A PVKE
PBD*!(Device Il : ITO/PEDOT/ POSS n : PVK : PBD/Ca/Al) - # ¢ #PVKE
Tk @,ii%]f’f? » @ PBDRI & & + @ﬁi%lﬁﬂ‘:i » 2 ~PVK~PBDp 8 # 3 i®
SRS S DR R vhat L A48T 7 - Fig.4.27 ~ Fig. 4.30 % Device Il % & -
TR~ 2 F -7 BB o d BV 13 oPOSS 1 ~ POSS 2 4w ~ PVK:PBD
PR R E AT ELAERA R AT R R (CAM)T L H
IrFo ke 2 1 #iE 1cdlA

gtk o g F PBD W lEn e o At ik Ry 3 AT L R o PBD vt BiE
MPE s T3 I N AP R L etk Flm A B E 5w PBD gt )
BRI NPBD B AT VR AL RR AR AR i # 2R
BRF @i o Flgt s 2 gkl H oy § 9 PBD R £ ] > # POSS 1
m% PVK:PBD=10:7 & 5 i % ; » POSS2 p] % 10:8 -

4 %] #-POSS 1 &7 POSS 2 *+ Device I~Device Il s~ i {2 B 232 %> Table
47 % o

Table 4.7 POSS 1 £ POSS 2 *+ Device | ~ Device Il i~ i+ |+ 5
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POSS1 TurnonV LuM.max, (€d/MA@V  Eff.max.(cd/A) EL(nm) CIE

Device | 13 70.79(20) 0.02 500  (0.27,0.45)

Device I 8 1102(17) 0.87 476  (0.17,0.33)

POSS2 TurnonV LUM.max (cd/m?)@V  Eff.max(cd/A) EL(NM) CIE

Device | 7 115(11) 0.07 496 (0.24,0.52)

Device Il 8 1469(19) 0.8 496 (0.22,0.49)
(Device | : ITO/PEDOT/POSS n/Ca/Al)

(Device Il : ITO/PEDOT/POSS n : PVK : PBD/Ca/Al)

¥ - B s A g 31 0 POSS B C-1~C-2 M i
F AR I 0E 2 A %ot i (Fig.4.31 ~ Fig.4.38) 5 4 31 » POSS ‘& 1f¢1 POSS
1~POSS2H~iEnR2 t’zf&(?fs’ﬁ fhF e I o iBF A %] 5 31 » POSS
oo EPRE R A Tg M i Flade 2 0 B .

prh o o o B B AR S e F R TT 2 EL k¥ o B R A
+ 2. EL AR b g % H AR08 SFET A2 & S R vk > shoulder
VL G 7R

Table 4.8 # sk & & F 224 Sk H 48> Device Il b~ B )

Device Il TurnonV LUM.max. (cd/M)@V  Eff.max(cd/A) EL(nm) CIE

POSS 1 8 1102(17) 0.87 476 (0.17,0.33)

c-1 13 448(23) 0.33 500  (0.20,0.40)

Device Il TurnonV Lum.max,(cd/mz)@v Eff.max.(cd/A) EL(nm) CIE

POSS 2 8 1469(19) 0.8 496 (0.22,0.49)

c-2 14 826(25) 0.74 520  (0.28,0.57)

(Device Il : ITO/PEDOT/POSS n : PVK : PBD/Ca/Al)
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Luminance (cd/m”2)

Fig. 4.25 L-V-Yield curve for the device ITO/PEDOT/POSS 1/Ca/Al

Luminance (cd/m”2)

Fig 4.26 L-V-Yield curve for the device ITO/PEDOT/POSS 2/Ca/Al.
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POSS 1 with PVK:PBD

1200 | 1.5% POSS 1 i
—@&— 0.5% POSS 1(1% PVK+0.5% PBD)
0.5% POSS 1(1% PVK+0.6% PBD) Y
__10004—¥— 0.5% POSS 1(1% PVK+0.7% PBD) i
N
E .
3 800 ]
S
2 600 _
g oy
IS ///
S 400 / i
- /
/
200 ./V .
/./v
v g EE-Em g g
0 vevvvepewtiosannt .
T T T T T T T
0 5 10 15 20 25
Voltage (V)

Fig. 4.27 L-V curve for the device ITO/PEDOT/POSS 1:PVK:PBD/Ca/Al

with different contents of PBD

POSS 1 with PVK:PBD

1.0
] —=&—= 1:5% POSS 1 i
0.9 ~@~ 0.5% POSS 1(1% PVK+0.5% PBD)|
g W 0.5% POSS 1(1% PVK+0.6% PBD)
0.8 Y ¥ 05% POSS 1(1% PVK+0.7% PBD)
0.7 " ]
< 0.6 \V .
= 1 LN N\
8 05 e v i
~—~ o N,V
o ] ) N
D 044 [} i
> ] \o\
0.3 ® -
0.2+ -
0.1 . -
_ | °
0.0 4 e e N R R B R R B R R _
0.1 ———
0 5 10 15 20 25 30
Voltage (V)

Fig. 4.28 Yield-V curve for the device ITO/PEDOT/POSS 1:PVK:PBD/Ca/Al

with different contents of PBD
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Luminance (cd/m”2)

POSS 2 with PVK:PBD

1600
10— 1.5% POSS 2
1400 +—=— 0.5% POSS 2(1% PVK+0.6% PBD)
0.5% POSS 2(1% PVK+0.8% PBD)
1200 4—w— 0.5% POSS 2(1% PVK+1.0% PBD) l\
1000 + \
]
800
] v
600 /
] n v
400 /
v
| n / v
/oY \
200 Pl v
| o/./. : '-V:/{v —n
04 weererveefvery"
-200 , . , . . - T - T
0 5 10 15 20 25
Voltage (V)

Fig. 4.29 L-V curve for the déevice ITO/PEDOT/POSS 2:PVK:PBD/Ca/Al

Yield(cd/A)

-0.1

with different contents of PBD.

POSS. 2 with PVK:PBD

0.9
0.8
0.7
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05
0.4
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02
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0.04

—8— 1.5% POSS 2

18— 0.5% POSS 2(1% PVK+0.6% PBD)

D e o

A \

0.5% POSS 2(1% PVK+0.8% PBD) vY Vv /
+—%— 0.5% POSS 2(1% PVK+1.0% PBD) /V v
/v
Vn | ]

T T T T T T T
0 5 10 15

Voltage (V)

25

Fig. 4.30 Yield-V curve for the device ITO/PEDOT/POSS 2:PVK:PBD/Ca/Al

with different contents of PBD.
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C-1 and POSS 1 with PVK:PBD

1200
1100 4 —=— Lum. of C-1
1000 4 —#&— Lum. of POSS 1 | i
900 - |
800 +
700 4
600
500 4 /
1 / "
400 + / .
300 /‘ ]
ZOOt / i/ ]
100 4 A ¥
| A "
0 PRI e R b

Luminance (cd/m”2)
>

-100 , . , . , . , . , .
0 5 10 15 20 25

Voltage (V)

Fig. 4.31 L-V-curve for the device C-1 and POSS 1

C:1 and POSS 1 with PVK:PBD

1.0
|—=—Eff. of C-1
—A—Eff. of POSS1 4
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| A\
—~~ ‘\ A
% 0.6 | \A\
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Fig. 4.32 Yield-V curve for the device C-1 and POSS 1
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EL intensity(a.u.)

EL intensity(a.u.)

EL of C-1

— 17V
1.0

— 19V

21V

0.8 — 23V
0.6
0.4
0.2
0.0

T T T T T T T T T T
300 400 500 600 700 800

Wavelength(nm)

Fig. 4.33 oltage-dependent EL curves of C-1.

EL of POSS 1
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109 19V

21V

0.8 - — 22V
0.6
0.4 -
0.2 1
0.0

T T T T T T T T T T
300 400 500 600 700 800
Wavelength(nm)
Fig.4.34 \Woltage-dependent EL curves of POSS 1.
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C-2 and POSS 2 with PVK:PBD

1600
1—®— Lum. of C-2 A
140071 —A— Lum. of POSS 2 ]
1200 4 .
&' 1000 n -
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Fig 4.35 L-V curve forthe.device C-2 and POSS 2

C-2 and POSS 2 with PVK:PBD
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Fig. 4.36 Yield-V curve for the device C-2 and POSS 2
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EL intensity(a.u.)

EL intensity(a.u.)

EL of C-2

10- — 17V
— 19V
21V
0.8 — 23V
25V
0.6
0.4
0.2
0.0 —— —
T T T T T T T T
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Wavelength(nm)

Fig.4.37 Voltage-dependent EL curves of C-2.

EL of POSS 2

1.0 4 — 13V

— 15V

17v

0.8 — 19V
0.6
0.4
0.2
0.0

T T T T T T T T
300 400 500 600 700 800

Wavelength(nm)

Fig. 4.38 Woltage-dependent EL curves of POSS 2.
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ATARERE RS T FRAE m‘,,z.;.ﬁ__gg kT F
(POSS 3)

WV RS &5 ko d 3 F 5 3 kR %= (concentration
quenching)snii-2; & 2 > Flu Bk gp & 4~ 50801 > 4852 3 4 % sk 8 (host)
oo B P s e F A B R P F 7 & % o i # (host)
CBP(4,4-N,N’-dicarbazole-biphenyl)** -

d 312 POSS 4 ¢ s frenk kA F T 0% 5 en 58 A PLED ~
B T gt gk Bk 3 POSS 3 Hten AT R 0 AP I E R -H 3R0R
~p A3 CBP ® & A, A i Device | : ITO/PEDOT/POSS 3 :
CBP/CA/Al o 3 ¢ pskir 43R e B o LAH = 2 ehd MG (22 g
Mol B0 S pF o d AR E M ohi £ @ 3% (energy transfer)#-7 = 2
BR%: X g kR SRR AR - Fig. 4.39 ~ Fig. 440 ¥ 5 7 ik
BB LT 2 A At R R 16 mo/ml DR A T 43R 18 wit%«eh
POSS3* CBP 1 #8* » Vol BlddF e~ B3 dk o pt ¢h o Jp R BB L BT >
sk R 0 ¢ AR A T (Fig. 4.40~ Fig 4.42) -

kR 2 v T 2 Device | =~ i M B E 12 4e Table 4.9 # -

Table 49 POSS 3t 72 e JR & 2 Vb BT e i (Bt i

POSS 3 TurnonV  LuM.ma, (€d/m?)@V  Eff.ma (cd/A) EL(nm) CIE
12mg/ml 14wt% 9 828(17) 0.68 524 (0.34,0.62)
16mg/ml 18wt% 12 1008(22) 1.04 524 (0.34,0.61)
20mg/ml 22wt% 17 225(28) 0.30 540  (0.38,0.59)

(Device | : ITO/PEDOT/POSS 3 : CBP/Ca/Al)
i A PEgFLEE s ko3 H S pRiF2aaid T irt gy;(Fig_

443 ~Fig. 4.44) - %M » L5 POSS iz P wrepkd C-3° R R
FE GRS Tt K S i Ed A ,.ziﬁ‘“ v CBP /| 4 2 8 (host) >
WOESE R S N AR A s AT R - AR R M o - KRR R
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~AiE A e Flp s ApEE 4% 0 11 POSS s 9 ’Q*THL’_I]}]:J\'E%?&%A}; .
*#—E’?’%‘Eiﬁ‘é”ﬁ B4 M e X o

Table 4.10 misk % ;& 5 g2 48 Sk B 48 Device | g~ & f2 vt i

Devicel TurnonV Lum.max. (cd/mz)@v Eff.max.(cd/A) EL(nm) CIE

POSS 3 12 1008(22) 1.04 524 (0.34,0.61)

C-3 9 285(19) 0.99 526 (0.32,0.62)

(Device | : ITO/PEDOT/POSS 3 : CBP/Ca/Al)

Gl Device | : ITO/PEDOT/POSS 3 : CBP/Ca/Alinig g ¢t » 24 s g4
FA A ks piceT g o 4 %]4E 33 Ca(35 nm)/AI(100 nm) ~ LiF(3 nm)/Al(100 nm) 2
LiF(0.4 nm)/Ca(15 nm)/AI(100 nm) & = & 1% & % 4 (Fig. 4.45 ~ Fig. 4.46)
o MLIF/CIYALZH 5 IRtk 2 225 Beg ° i 4 %] 5 51 ~LiIFA ¥
TS AREIEE S A N G R D R T Y T
Table 4.11 POSS 3 : CBP#t 2 [k G i~ 2 ERAN oS

POSS3 TurnonV LuM.max. (CAIMA@V. - Eff.max (cd/A) EL(nm) CIE

Device | 12 1008(22) 1.04 524 (0.34,0.61)
Device II 13 642(20) 0.97 524  (0.33,0.62)
Device 111 9 1458(17) 1.62 524  (0.33,0.62)

(Device | : ITO/PEDOT/POSS 3 : CBP/Ca/Al)
(Device Il : ITO/PEDOT/POSS 3 : CBP/LiF/Al)

(Device 111 : ITO/PEDOT/POSS 3 : CBP/LiF/Ca/Al)

do Rk EpE A AR Z E BT
T3 A5 50 RF AT 0 Y § A
i 1235 & (hole blocking layer » HBL) 1 FE 4§ g+ chifdc @ #-= &
o ok k¢ o oo A o §F b s & % 31~ TPBI

(1,3,5-tris(2-N-phenylbenzimidazolyl)benzene) ¢ 5 & Fed# & > L H 82 48
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¢ Jis (Device IV : ITO/PEDOT/POSS 3: CBP:TPBI/LiF/Al)- d Fig. 4.47 ~ Fig.
4.48 ¥ rig d o 4o 2 TPBIfS ~ 2 3 R d gy b o @ pn e K e o
gtV e TPBIFER v IR Tk e de > e R bk P @ i sk
Mo E kA o peb > TPBI % s B A F S 6 4 18 B(Fig. 4.49 ~
Fig. 4.50) - # ¢ > 12 50 %=ATPBI (e 2 (B E iF o

Table 412 POSS 3 : CBP ** % s TPBI %7 2 ~ i f4 vt i

POSS3 TurnonV LuM.max, (€d/MH@V  Eff.max.(cd/A) EL(nm) CIE

0 %TPBI 13 642(20) 0.97 524 (0.33,0.62)
25%TPBI 14 1148(19) 3.10 524 (0.33,0.62)
50%TPBI 13 1172(20) 3.99 524  (0.33,0.62)

(Device IV : ITO/PEDOT/POSS 3 : CBP : TPBI/LIiF/Al)
% & 14 F $POSS 3 han AT 3 o SN i+ 4] 1 ITO/PEDOT/POSS 3

CBP/LiF/Ca/AlI™ » %+ 2 B % 1458 cd/m?+ & ~ »c % % 1.62 cd/A; & » TPBI
4 (ITO/PEDOT/POSS 3 : CBP:TPBILIE/AI) " # + »c 7 if 3.99 cd/A -

POSS 3:CBP in CHCI,

1100
1000] = 8mg/ml 10wt% v
{ —@&— 10mg/ml 12wt% v v
900 12mg/ml 14wt% /
—~ 8004 —¥— 16mg/ml 18wt% v
DN - 20mg/ml 22wt% o
£ 700 /e
3 600 - /.
(] 1 ° /V
[8) 500 4 /
8 1 /m
£ 400 /
£ o] PO
3 300- Y /
| W/
2001 /‘ /v
100 v
] [/ ® v
04 esesess s Reh vu &
AT T T T T T T T LI DL L R

—— .
2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Voltage (V)
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Fig. 4.39 L-V curve for the device ITO/PEDOT/POSS 3:CBP/Ca/Al

with different concentration and wt%o.

POSS 3:CBP in CHCI,

10 —=&— 8mg/ml 10wt% VY
~ 1 —e— 10mg/ml 12wt% v '\
12mg/ml 14wt% J v
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2 oo / \
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ke] v
()
= 0.4 .o\. \v
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| | / [ N
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004 w000 * q/V >-¢-9
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Voltage (V)

Fig. 4.40 Yield-V curve for the device ITO/PEDOT/POSS 3:CBP/Ca/Al

with different concentration and wt%o.
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Fig. 4.41 L-V curve for the device ITO/PEDOT/POSS 3:CBP/Ca/Al

with different concentration.

POSS 3:CBP in CHCI,

1.2 —=— 16mg/ml 18wt%
| —@— 14mg/ml 18wt%
104 12mg/ml 18wt% ./-/-\.
] / \
1 u
g 0.8 ./ /o/°\.\.
g ] Sl e
2 06 . o
> /
[A] N\,
i / \e
0.4 J .\.\
J. [ ]
0.2 /
f
‘j
0.0 2000080000080
T T T T T T
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Fig. 4.42 Yield-V curve forthe device ITO/PEDOT/POSS 3:CBP/Ca/Al

with different’ concentration.

C-3 and POSS 3

1000 -
—=— POSS 3 2

—o—C-3 /

800 u

N |

<

g 600 /

§ [

° |

S 400 /

g ] .

S ./'*\0/0/.*

- 200 / . \

FAVARRN
_® /I/
0+ PRSI .
T T T T T T T T T T
0 5 10 15 20 25
Voltage (V)

72



Yield(cd/A)

Fig.4.43 L-V curve for the device C-3 and POSS 3

C-3 and POSS 3
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Fig. 4.44 Yield-V curvefor the device C-3 and POSS 3

Luminance (cd/m”2)

Fig. 4.45 L-V curve for the device ITO/PEDOT/POSS 3:CBP/Cathode
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POSS 3:CBP in CHCI,

1.8
1 —®— Ca/Al
189 —e—LiFAl
1.4 LiF/Ca/Al
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<
3 1.0 Sy
3 y
k=1 | 0 "o
< 084 /. A\
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> /4 \e
0.6 1 [ ] / l\
E / \\l
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Fig. 4.46 Yield-V curve for the device IT.O/PEDOT/POSS 3:CBP/Cathode

wth-different Cathodes.

POSS3:CBP with TPBI

1200 { —=— Owt% TPBI
{—e— 25wt% TPBI /"\
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— 1 / \
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-200 — 1 —
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Fig. 4.47 L-V curve for the device ITO/PEDOT/POSS 3:CBP:TPBI/Cathode

with different TPBI wt%.
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POSS 3:CBP with TPBI

12
{—=— Owt% TPBI
10 @ 25wt% TPBI
50wt% TPBI
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<
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S
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Fig. 4.48 Yield-V curve for the.déevice ITO/PEDOT/POSS 3:CBP:TPBI/Cathode
with different TPBI wt%.

POSS3:CBP with.TPBI
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Fig. 4.49 L-V curve for the device ITO/PEDOT/POSS 3:CBP:TPBI/Cathode

with different TPBI wt%.
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Fig. 4.50 Yield-V curve for the.déevice ITO/PEDOT/POSS 3:CBP:TPBI/Cathode

with different TPBlwt %0.
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