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Polymer Vertical Transistor with high on/off ratio and low

operation voltage

student : Yi-Cheng Lin Advisors : Dr . Hsin-Fei Meng
Dr. Hsiao-Wen Zan
Dr. Sheng-Fu Horng

Institute of Physics
National Chiao Tung University

ABSTRACT

Polymer transistors have been studied extensively due to their applications on
low-cost large-area transistor arrays or on flexible electronics. Conventional polymer
field-effect transistor (FET) is a horizontal device with source and drain electrodes in
the same plane. Low mobility conjugated polymers and long channel length seriously
limit the characteristics of polymer FET, and thus polymer FET usually exhibits high
operation voltage and low operation frequency. To circumvent these limitations
various vertical transistors with short channel length perpendicular to the substrate are
proposed. For vertical transistor, the channel length is determined by the total thickness
of the organic semiconductor layer between source and drain. Even high turn-on
current has been obtained, low on/off ratio and sophisticated vertical fabrication
procedures limit its following development. Specifically, on/off ratio of most vertical
transistors are as low as a few hundreds.

This dissertation aims to develop organic transistors named polymer
space-charge-limited transistors with high on/off ratio. Two prototypes are
demonstrated in this dissertation. Fabrication procedures and discussion are also
provided.

First, operation principles and device performance of the first prototype of the
space-charge-limited transistor are discussed. The effects of the opening diameter and

the opening density on the transistor characteristics are also demonstrated. Under the



operation voltage of 6 V, the first prototype of the space-charge-limited transistor
possesses the output current density of 27 mA/cm?, on/off ratio of 428, and current
gain about 10*. After integrating an OLED on this transistor, the max brightness of
1343cd/m? is achieved.

Second, the second prototype of the space-charge-limited transistor is
demonstrated. With a grid electrode covered with insulator and a better device
geometric structure, the off current and hence the on/off ratio are improved. Under the
operation voltage of 2 V, the output current density is about 5.15mA/cm?, on/off ratio
is as high as 10775, current gain is 10%, under the low operation voltage about 2V.

At the end of this dissertation, a method for further improving the performance
of the second prototype of the space-charge-limited transistor is demonstrated. It is
demonstrated that after O, plasma treatment of the ITO emitter electrode, the hole
injection barrier between the ITO emitter and the polymer is increased while store the
pla sma treated ITO substrate in the glove box for a long time. Minimum hole
injection barrier is achieved by spin coating semiconducting polymer onto the plasma
treated ITO emitter within 2 minutes. Under the operation voltage of 0.8V, the output
current density is about 1.36mA/cm?, the on/off ratio is around 10%, and the current

gain is 10%.
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[e: 6 R Al pont FEfF BB F L0 HELER ]

® 7 & 4| (contact limited)

R G i A 03eV B At R B E LT R G U o AR AR
FoeI@ 2 5 T A R B E etk s B R T F (flatband ) F R ET Oh 4o R S Y T
T & (turn on voltage ) 3} » 4 w|E_Richardson-Schottky #.3+ 3 5432 3%, 12 2

Fowler-Nordheim 7 *%»cf; -

#2333 612 3% (Thermionic emission theory)

FARL WL EM PR A AL AR L TR F T R AR
@?%ﬁ’%¢?4@*£@$ﬁi’ L& et BT i it~ 2 A H
B S T AR F O R EF T AR 2-13 407 o BT F S P TIV M 2

qv .
J=J |expl — |-1 X 2.3
o{ p(kBTJ } X ]
2  J, =AT exp —9%y
k,T

(A* @ Richardson % #c; ®p: F o st [t B &)

d RSP THR B AT G M T AR ERPE o o R R
T o Riess# § WY F & #F R > %4 5 1TO/PPV/ Metalz- & &5 — i /& § F

T o HloglE Ve m ot o gtk G £t B BT G
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—
Op \

B] 2-13 ~ Richardson-Schottky #t &+ 3 $+32 355 + 7 2. B -

7 %3/l (Tunneling effect)

FEBELEM L TR ARG P T LG L BARE L R Y
A TRANTF TR EFELTREF LERME DN F 5 o RN R T
WRFROF VTS RTH R IR G AREAR &L F S T e TEME
B B o B 2-14 977 0§ BPTRES F R 0 FRTEEAT B G i

12 Rk 21 3-4p B o Fowler-Nordheim% %32 %2 7w 2 n 4

- K
e eXp(T) X 2.4]
2m'o )’
#0 K=81+——L-
i 3gh

[E: 285 & 5 m*: 45 5 >0 £ (effectivemass) ; @ F o it B & Sq: TF T 5

ht ¥ 5 ¥ #c)

Oy

\.
.

Bl 2-14 ~ Fowler-Nordheim % ¥ < BT %5 4 7 = B ©
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o M7 H A (Field effect transistor , FET)

FOORT AT HICT H WML HA S L TR QAR R R g
AT o g 215 8- B H e e T HMEFET) A 287 LB o - BHCET &M
S F A R BIA LR &(Gate) ~ & % & (Insulator) ~ & Rleikie  (Source) frix
#% (Drain) #{s £ % %4 % (Semiconductor) o H ¥ & ~ RfEfrxtm:it 4 7 o=
Btk gkt SHEEDY » L3 &F it & - AN L 48 Bl o7 h
W2 Firitd ek i A7 RS BRELLEMAEY BB FELE A
PFAEHFT BTV ALTHMPBEURE S 7 2P RANATE T HRMSTH D
AR RSB AE R R RN R L % oA TR TR DM 7 4 4[2-5]% 54[2-6]
Foon ood AiptRE Y BART FAR T 3N 0 AN A FT L ST 17(field effect

transistor) °

Linear regime Saturation regime
we. S wc. R
A ULy e =m0 = 1" 3p2-6)
Soutce Dirain
Serdconductor
Insulator
Cate

FI2-15 ~ e T i fi 2

(‘5 |
"=
5
-
=
&l
=
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e EZE (Vacuum tube triodes)

PEERGEHTS AR (3RS L R RS RS RLAE) fo2
ERFE ¥4 BRAFBTIF - FiI - o g B3 a2 indBEP > @R £H5N

A4 Rfrg o B g FEERRHT T o pREVTEBIB®RIFT R RY IHIT

L E R ERE o i AR R T 2 R MR

——— Cathode

‘—i
g s Plate
- Plate
- Vacuum \/pt
- Glass
-—Connectors

PR () Er R B SR () FFITTRE -

oy
&
4
3
>
il
e
|>‘_
ot
il
a0
_H?.
ﬁ\.ﬂ
fon
Jrat

—4q9

J=AT?e* 3¢ [2-7]

Y AXMSEE B2 FEVE ORI AEEE bz » ddfce S REHIBZ T2 T

4 : ( 26] j V3/2 5\; [2-8]
9L

HP LR ISR IARBRTFETA 2 B4 a BT oma & 32
R AT R

sn» {# & Child-Langmuir law

)

h ok
ISt

Ip=C(uV; + VP)3/2 7 [2-9]

H ¢ u H_amplification factor @ Vg &2

Vp s s Z 4k T 45 2 ) R o
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http://zh.wikipedia.org/w/index.php?title=%E9%9B%BB%E5%AD%90&variant=zh-tw
http://zh.wikipedia.org/w/index.php?title=%E9%98%B4%E6%9E%81&variant=zh-tw
http://zh.wikipedia.org/w/index.php?title=%E6%97%81%E7%86%B1%E5%BC%8F&action=edit&redlink=1
http://zh.wikipedia.org/w/index.php?title=%E7%9B%B4%E7%86%B1%E5%BC%8F&action=edit&redlink=1
http://zh.wikipedia.org/w/index.php?title=%E9%98%B3%E6%9E%81&variant=zh-tw

TR FHE HM (Space-Charge-Limited-Transistor ,SCLT)

7 BT 4T S 4 (space-charge-limited transistor) 2 % & § = P jn g

BAET S0 s BT RME T = BT A B 5 HHE(emitter) -

fin

# H&(grid)¥? & #&(Collector)  tefhFm 1t 2w =2 B2 HTHRELE T 7] > AW UA KT
BRAFARE R e m A A o RTRITET T E R B é’ﬁé%ii%i‘
FRAIF iR TR R AT LR E RO T RE o BEAL T k2 &
B B BHSK B4R 2-16 47

3.0 3.0
Al (Collector)
Al gri : Emitter
< ~ == P3HT PI{EDOT PéS 47 4.3 4.3
ITO F 52 51 Al 51 Al
Glass PEDOT
PSS

Bl 2-172E L RhMBipr LR(Z)E R BT LR(%) -

FHS 0 BiEE ~ PIHT 0 @ W R0 4 BRI - ST HWA 2T L
Ao d 2 BB hIVF Y B R A A p i B Y B R i o

PR RS R ]1«f1»%@ﬂ?&@wﬁw@ogﬂﬁa@g¢@

e L& AL F A R S T OB P R R HETIR S W
B eyl AL o 4o 2-17 957 o
ON State OFF State
[ —_ [ I —
1 - | | -
. P N ( .
L L e
— -kds — e
IS IS
1T [ T |
PEDOT Al Grid Al PEDOT Al Grid Al

B 2-18 ~ 4= R 2 B R Am U & S M PR+ 7 LW -
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Pl R RAF IR HMAUEIAE

[ITO fd &% [ [ ITO(GHE) % 6 %% | [ Tir @ah Wi [D
> [egaE > %k

5 % LB A
$o b sl [ B

<AFE8A>

ITO 3P T4 Wi - BBz mff t W AF 2+ > 2% ¥ 2 ITO
FEE X 15~20Q « ITO A ch@ % P i TR DB 1L FF » BlRk 5 RF P ATR Y
% ¥ (Shadow Mask) > i # % & f# ¥ % & & Ilmmxlmm 2 i = )

. ITOAFFEZ @Bk

e ITO A = fort ¥ iR A ~ A ~ RA M- ARENRIARTIFN RT N
10 248 > £ 103 33 R iRis® > BF LG F BRicAF £ 5 0 B2 170C e #4F
(Hotplate) F 4% » A5 #pE b f X324 ITO £ 6 » ¥ # * e’ % ¥ (Shadow Mask) Z_&
THRUAFFLIHERS 0 B EREQFHTT o

. %%

R % 5 (50mg/1000mL Water) =7k fis 47 -k % 7% (KoCOs) » BB R 5 90~120 F)  &f
PRGN 2T R RIGTE S T EENEL G BRICE P LEAROEERA T £
W o

1. 4%

Bk 4o BmALA R T 50C~60C » #2222 ITOAFE »FRaapd 4%
B PERE R S0~60 ) 0 % B RS E I BI kb ikisE o BEFRY Swidd § 1
Bokipir o BITO A & *i?“@*%ﬁi%%moﬁ$ui%4$ﬁ%ﬁﬁﬁo

SN T IS TR R

E“}
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L
jJ#
'i:]Wf__
1l = e

B 3-1~ BIE i 2 ITO ZAx S B(=)% 316 (v)7 LBl °

<% w FE>

MITO fhim =B i ~ RAFR- A B RF A RTEP RT 10448 £ 114

BT KR 10 Ak B iE U F F R R KA RIETT .

<®F @@?]éi g '>

£ 11 UV-Ozone #-1TO # o &2 10 » 45 > 3 4r % o AR iR > 5 130 K3 2
PEDOT:PSS = %3t H b o A F %41 %* 2. PEDOT:PSS 2_ 4|5 5 AI4083 > 12 0.2um 2_iF
T B (s 0 ORI g W E > 3 UV-Ozone EJZdE 2. ITO % o + > 12 2500rpm 2. #% :#
RGO 0 B M kR R RS R T AR E 0 B s e & 20004 10

Lk SRR R X 50nm e

<) - idk ®WiT>

1 # % #4425 P3HT(poly(3-hexylthiophene-2,5-diyl) » fe %l % — & P3HT ;3 /% £ 14
1.5wt%;i% *+ % % (chlorobenzene)® > & 11 60°C4r Z §I 853 12 > 3% fufe * 3 L' 0194
BEETV R o i 5000rpm 3 FEE 30 F) 0 g F A R AR T

+ 2 P3HT » & fé £ 2 200°Ci2 L 10 4 45 > %5 %) 20~30nm o
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<HEEEE>
% R R A Y - K P3HT %> #iwff = & 22 P3HT %12 7000rpm 2. 48 i# *2_

fEh= ® ¥ ¢ HP3HT -

F_k

$#& o LR 7 F(Xylene)if *tH F rup Iy v

N

<% BRFCHH>

Fell B R F o IR B0 0 B0 0.24wt% A AT FRY o Berl R B ST 2
P3HT %oz » el 2037 N 40 4) » FE » AP 2 B A 104 > L 1§ §
BeRdcd & 0 BF o oA PBHT 2 1 > s Zgk ) o
< &Y iT>

44 Al(15Snm)ia s BT 1% o % 10nm Z 4844 S 5 0.1A/s 0 {4 Snm a4F 45
F % 1A/s o & té 12 3M scotch *£ 253 4 /| ¥4 & 2 B ¥ ¢ T o

I R % iT>

pe®l % = & P3HT 37% £ 2 3wt%i3 >t = 7 ¥ (Xylene)® > £ 12 90°C 4r 2 {78473 % >
2R x> &g 1000rpm #F 4 30 45 2 N2 A0 K 80nm v i F U O ERE ¥

T HRINA 2. P3HT » 51611 200C: 3V FF 10248 = X o
<H Y iT>
Z 4% Al(40nm) 5 B 4% o 5 10nm 74 cngE S adF 0.1A/s 0 15 30nm 3% 1A/s > *F

AT A EH TR W\;pﬂh{;_—‘]— 3 Bl4c@ 3-2 717 o

AW~ EE(2)2 36 (2)7 LR -

19



32 #yEE BRI HWH A

ITO Adr @2l | D [ITOGHE) % & %%

AR T IR AEE Y T R

EEPSsk > [ il | D[ F AR | D[ 1kFUT D [FEU

<§ T AI>

AR T BHB<RFRI> <A S FE>EF SR T LA 0 3 ITO
Fododedk o TR F TR 1S0W A AIL 30 A48 0 # ITO £ 5 X fF T

<gMk @ir>

fie @ PVP:PMF % i - PVP 2 3wt%i3 *t [§ = fi} ¥ fihs i fia(PGMEA)® > £ %
PMF(cross linker) 2 1.09wt%;% ** PVP 3 7% ¥ > € PVP.:PMF=11:4 - 42353 T+ & * 3
T E S iE 4000rpm #5560 £ 0 AR 2 M5 X) 60nm o R F Y [ fR T O
fifia(PGMEA)#-T 4+ 2 i iciE » BRF E 2B ™ 4o A 200C+# 5 s -

AR RS IRIFREE P FRA

<X ERF L HH>
Fel 2R F L IR Bk AU 08wl s e R Y o Bl 1T 2 P3HT 5L 12 S0W
2% % fﬁ%ff@ﬁ—’_s sec: £ RN AL PR R F GBI I A4 UL BRI AR
AbH o RFENAEYZBRBAEI0OS 0 RENF FHRICEG C RFC R
T

2o AR EaERE -
< &Y iT>

A H AI(1Snm) i s RHRT H& o o 10nm F4ERIFHEF 5 0.1A/s 0 15 Snm AiFdE

F % 1A/s o Bts 12 3Mscotch "EA, A [ Ak G 2 R FC G T o
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£ %>

A
ey
&H

R

vF ?%ﬁ%%dﬁiﬁw@iﬁ%ﬁzﬁgw nE1S0W 2§ TR Fa310s87

#-PVP & %] 550% » T T3tk aipiz o

L R

2 # k4L 5 P3HT » fe @l P3HT /3 7% £ 12 2.5wt%;% >t % ¥ (chlorobenzene)® - £
O0CAHFF AR At DA EIIAT FR TR o g 1500rpm
~2000rpm # >4 30 #) > 244 A %A 100 nm~ 150 nm - £ LA AR PR
&+ 2. P3HT » £ 18 £ 12 200°Ci¥ L 10 4 45 o

<g &Y iT>

#Z4E Al(40nm) 5 B & o 5 10nm 7Z4E g S adF 0.1A/s » 14 30nm ‘adF 1A/5 0 * &

ER-VETNE mxiﬁll?*%\fg\‘pfﬁ_—r R Bl4c® 3-3 #57 o

P3HT
A0 eve

ITO(C) ITO(E) ITO(B)

WAHER & 5 B(2)5 315 (4)7 LW -
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3IBLFTLF T AW EHE
AL EHMARIERBRE SRS AUV HERAB Y RIS
Bermpat UV > FH A0 RAAZ2REF R VRGN F P RFE 2o 2

HER DT L BlAoB 34 07 o

W34 ~EHETLE

& % % ¥Aih ES270B £ HAY S 4T RERIT HAEL o A RRIT LA 5 0 FE
E5270B 3% %2 ST B g 7 0@ T & Tt & fo® B (on off ratio) s 1 £ &

el o &~ TR RIT X BlAoB] 3-5 47w o

ov

B35~ (2)in & & i B ()R~ TR RIA LW -
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&

¢

a

EA
i3

B

i3

AR R X Pk gm B o B Sk 2 B 3T Photo-Research PR-650 #7 4.2 & >

i

AEF A2 BFER 2 otk A2 0 % > U G ES270B Bk A 20w i
A& 2 73 £ » I 1 Photo-Research PR-650 B[ & # % e £ 2 k2 R R o R R Bt #7id

N sy ¥ 2
* 72 ¥ >4 cd/m” o

j&?‘;ﬁ’?t‘?%:@#k '%?‘;{)L,;pgﬁwb%mgg g 1T 2 PR

() ZREZFORERFIZF T IIT HMA A4
Q) ZFTF T ML P mE R
(3) A R ZF T UFIR H M~ 2
¢ HHIZHA SDAREFELF FLFABF LG0T TR BRI
® Sfl 2t DAMSRHELIFTF T HE

(@) BRATFALERUIT B S CH R

LA 4 PR R P EY Y = 2 =
B LR %S 2R dh%aT - §¢ R ARH
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A4

Frd FRERHHE A

S ARERYE R S8 SEAS EE ST ISR L) RS Ly SR
R R L e LEL A o SRS L

EERTAIWELER > FWEZERT D @ F 2R A BB e
é—f#mﬂﬁ'ﬁ A{ﬁrgﬁﬁ{ B g B4t g @]J RTINS TR TEE o S
FAOR kA B R TBARE Aok F BEEOT Olppm T2 L BN 2 A o pleb s 4o
i} sechfr gl L R A ¢ hft S 0§ skents i off current X3RS BBV > 3R R 2 1R
TiEM-§ B E & gichn o

‘1

4-1 A= & u.,r#_ J.E!&?.Eul#']? o ¥8
A R 2R LA UIR Lt e 30 A K PIAT » %7 Gl o FiRis

BN o defe ey - R PBHT P X R F A3 kAR R 2 WET IR S % ]

BAFIRZ EARS F 0 S MAREEG] > X FWEAL S - K PIHT 2 3§ T o izt B4R

FOE G RA T R AT B Y R S PR A 4T 0 ol 41 -

Optimized opening diameter and density

Electrode

LAl

Electrode
Glass

Good diode caracteristics

Excellent insulation properties

Bl d-1~d SR HEE BT LML SHEMES A2 % .
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4-1-1 StHgirte= B F I (E-G diode)

2

ER Jfﬁ ¥ 5> P3HT 2 7 F & ﬂia?l #1# HOMO (Highest Occupied Molecular Orbital )
X 5.1eVo 4p $20 1TO (4.7eV) € 1 2~ 2 iF F “F F1¥E> F]2 & 1TO + 2 PEDOT:PSS (5.2¢V)

T 5 Bt g o §Ter L i » o A ¥ 11 3Ed EG Diode b {2 RELET & Mk & 4

| ITO / PEDOT / P3HT / Al |

PEDOT: AI4083 > 2500rpm for 60 sec annealing 200°C 10min in glove box

P3HT 5000rpm for 30sec » annealing 200°C 10min in glove box

EE LT R

NP ERRTR GHEr > d B427 h VI AT iz BELT > ERHT
(0~6V)§ § 3 genT ikl » » Rin® A & 6V 7 1 F1E 1371 mAlem® » fip i P (0~
V) B RRAR R Y G e TR B BT AP E L K 41107 5 Fp o s
WA A AL o R S RITS T Ao

FHR A DI-VE Y i byt PLog scale © BT 17 3 Bl4-350 80 &OV~1V
Rl RSt RPN R TRE TR &R RS RN R #TillogT—log V
PR Ll @ RS 9T IV-2VZ R A APIHTA A8 kA 5 @ k2 2 0> §
A T R T AR R ETRZMGREZF T AT 2 [

2:2] 0 RiRB R BHT S A B (I~V) s #rrllog J—log VERAL F 52 o
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J=4.1E” at -2V
10°F J=1371 at 6V

10° \
10-5 L A

21012345 6
V

B 4-2 ~ 1 & 27 5+4& +4 Diode J-V B o

B 4-3 ~ ¥1%27 ¢ &4 Diode log ] —log V B °
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4-1-2 34k 2 ¢4 (Metal grid)

Hy
=3

TAUIT L WEFETREZEEZE TR J1% iRt TR R R Y

2o B A A R AR N 2 U T ARTUR S E R o T WT R TV IR R 2 R

L
il

Tt Mt ap WITEI F2Z MiBEF % PSIRGAL A4y 7 B FHMF 4

2 4AR > & PSTHng A F M- E & chikhl o

BEP

@ PSSk #1033 ¥ ERPI3HT 4% 2512 o

| ITO / PEDOT / P3HT / PS sphere |

PEDOT: AI4083 » 2500rpm for 60sec annealing 200°C 10min in glove box

P3HT 5000rpm for 30sec > annealing 200°C 10min in glove box

RlFEREEE
#P3HT e95% » 7 F )k B h PS 3R(E /& 2000A)3 % ¢ » 2 R+ 4 B lcd iz 3 vt

B A R

0.08wt% 0.24wt% 0.4wt%
Dip in boiling for | &l 4-4(d)
Osec
Dip in boiling for | B 4-4(a) & 4-4(b) B 4-4(¢)
10sec

B ok % R

AR AR er DA f LA PS 3k o ke iAo I FR A D
T BIRe s P3BHT £ 6 ¢ » Fla k2 B R enT imp s 2 m e s g £

RN R AR RET RIRER 2 B AR R R AT A G RS A
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SRR R PSIREL A5 IR B § T pildk e AEEFRAL LB
AV SERN S L 4 iiﬁfjﬁg FRI R I g A R T d ] 4-4(a)~(c)
PR OUEIR O EF PSIRER e o Al Ao 2 IV IR BB AR S 0 Bl 4-4(c)BE RV K
BRBBELS GG pROERAE 2 o B 44DRP T RF SEE AR P RRIL 0 IR

B2 BFHRAARELFPERELFES X BPSHER -

S5x5um

(a) 0.08wt% in ethanol (b) 0.24wt% in ethanol

Bl 4-4~ 113 I £ () 0.08wt%, (b) 0.24wt%, (c) 0.4wWt% ,(d) 0.4wt% =% % PS Tk #+8l:d

EiVF 2 iR S 4 RicER Y o
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4-1-3 3 e B R AH AL PF
A Y TR W ETRDIREIF LN R e B T R
PRFERE R 4 P EER S RN LB R FRARP TR S

+#-d PSIkz B iS4 s iViF R AKRd PSIaF R R AT o

REP i

BEARIGF S EIFRAE AR EP

| ITO / PEDOT / P3HT / Al grid /P3HT / Al |

PEDOT AI4083 : 2500rpm  Annealing 200°C 10min in glove box
E-G :P3HT 1.5wt% in CB 5000rpm 30s Annealing 200°C 10min in glove box
PS2000 0.24wt% in ethanol (dip 40s, boiling IPA 10s)

G-C:P3HT 3wt% in xylene 1000rpm 30s  Annealing 200°C 10min

3% % G A ImmxImm

. N PS k& /3 PS k3
0.05wt% in ¢ fg(ethanol) »
. . . 100nm 500nm
F A IPA A 10 )
i 4-5(a) i 4-5(b)
o 0.05wt% in 0.05wt% in 0.05wt% in
PS¢ ® j3:
ethanol ethanol ethanol
500nm
#l 4-5(c)
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E R LT R

BiEBRE Y @ % 0 BT 5 1000A 4o S000A 9 PS 3ot i BB AT HH T
AP 2ZAB oW TENPHEELTAFLIRE LT FE AR ER TS
Tig 2 TR FREAED TR 0 pIVF 2 % TAR K P RRETU R P 2 T a4 AR
o

d Bl 4-5(@) £ 4-5(b) vt v Lo EF AR IV %R 2 iR 0 B AT 1000A 34k 2
& E M i 4 (On/Off ratio) P &8 & ** 5000A 3V jF 2 & B M a4 P 7 o] 3L T e
Bk RE G RGBT TG ok TN o

4-5(c)? VL WEANFIEZ T R{ARFRRE > EATHET AR

T AR I FRRAEF TR LA EAMES o T RMEF AR SRET (Vo=
-0.8V) > ¥ Ak P RARZ HEIIRF DTN o

b PR %R VIEG IR T IR RARER BN BB L L o T R
THRATL HUPEH DAL RN SFRARLITHUERESRELENR
TR o rE BRIV S F AT RARRN R ERNES B AEHBL 2T

o 8l

il
Pt
=
=3
oo
=
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0.0! N
.~ 1000A
_O.l- V/ -
< /
<j‘ /V 7D7VG: 0.80V
et v
—-0.21 e ~4-Vg= 016V |
/V/ 707VG='0-48V
V —v—V, :_080\/
_0.3_ v/ v . |
-2.0 -1.5 _1.0

V. (V)

(a) 0.05wWt% in ethanol (1000A)

A OGGBG O
e AT
0.024%
“U. ] N /7
A o A= 080V
0041 7 ~a— Vg = 016V
/ —0—V =-048V

006 / S Vg 080V |

0.0/

20 15 -1.0
A

(b) 0.05Wt% in ethanol (5000A)

002" & —o—0.050wt% |
| s —o0— 0.075Wt%
& —2—0.100Wt%

3 2 1
(V)

Bl 4-5-(),b)* kA 2(c)? b B ST R R KE -
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4-1-4 = & gk g iR
%P
WrrE 2 TR B £ h Algrid 4t B A SIO R VBT T BB

CZETRIUIT AL B R T

| ITO / PEDOT / P3HT /SiO/ Al grid /SiO/P3HT / Al |

PEDOT AI4083 : 2500rpm  Annealing 200°C 10min in glove box
E-G :P3HT 1.5wt% in CB 5000rpm 30s Annealing 200°C for 10min
PS2000 0.24wt% in ethanol (dip 40s, boiling IPA 10s)

Si0:300 A &500A

Al grid:150 A

G-C:P3HT 3wt% in xylene 1000rpm 30s  Annealing 200°C for 10min

A% % e #£: ImmxImm

E A LT R

B 4-6 £~ 441834 F 2 /= 5 2000A 2. 7 SCLT » BH&T imE TR FHET
BRpEz B ORE o VLR MOR BT ORAARPRT RIS FITTR OV
BRI TR 4280 TR %A 27TmA/em™ TR F (BT R T ) 5 10°~10%.
W47 5 SCLT BT REPIET 02 b BETRMELM GF - 7 L a5t &
P RTINS E 0 AT SR~ 2 03 2 S Ot i B e o

A2 LE VT R WA E S TR gi;—] MF A KRR P

T Aol T IR TR E 0 A ks g Bt o
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w
Q.

B 9 (023 on off ratio = 428
0. 3 ." )

N
‘?"

N
2.

-Jc (MA/cm?)
B
o Ol
|
T
P O
o1 ©

O O
&

g g gt g gt gt o g A A A A

L

1
il

- Js (UA/cm?)
o

AN
2.

-Ve(V)

Bl 4-7 ~ A= g2 T AT RMET B V™ Vel M TR -
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4-1-5 gk A gL g
d 3t R a,aan?*"(SCLT)\rsﬁg,J NEABREE M FTRESN B H
ZbF % % - {EM(OLED) - § % % M c ik 5 8 ¥R o= g o 4 ¢ g

AR L - FRACELIFT T LN LS

sy
Jit
=
1
i
e

e
I
e
hi
W

- Fro it gk g & M (Light Emitting Transistor, LET)

iz"iﬂ?ﬁ”\’#']?a%’gf—“]ﬁﬂrmfﬁj}b7 WrFk- L ft’ F e FETHH

(LET) - L% 2 B R 'A% St endF (2 87 i ] enSpds 5 »eendkdy 7 98 £ - &

[ ITO/PEDOT/P3HT/SiO/Al grid/SiO/P3HT/Ag/INPB/AIG3/LiF/Al/Ag |

PEDOT AI4083 : 2500rpm  Annealing 200°C 10min in glove box
P3HT(E-G) : 1.5wt% in CB 5000rpm 30s > Annealing 200°C for 10min
PS2000 : 0.24wt% in ethanol (dip 40s, boiling IPA 10s)

SiO : 500A » 0.2 A/s

P3HT(G-C) : 3wt% in xylene 1000rpm 30s > Annealing 200°C for 10min

3% % o i ImmxImm

FHEEERNS

d Bl 4-8()(b)v L #F T HMWZF LR RAT T AP IRDOT 2T 0 B
PP R R M e g h IREF SRR e AR - ARG T

ML R B mTAR N AT L I 0 T Bt R S RGE o
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Luminance
[ —=—Vb=-09V (cd/m?)
| —e—Vb=-04V
Vb= 0.1V 1343

472

252
157
«t 85.5

|Jc|(cd/m?)
O L, N WM O ~N ©

P s 0T
2 0 2 4 6 8 10121416

Vel (V)

Bl4-8(a) ~ 2 B R im L8 £ T o2 Ve-Jo B i 2 R g ks R B -

0015 ' ' T T v T T T
o Vb=-0.9V .
0.010F o Vb=-0.4V < ]
< Vb= 0.1V 4
g v Vb= 0.6V g
S Vb= 1.1V )
N O oosl © Vb=16v . f] ]
Vb= 2.1V 44 .
s L»ki%ﬁ ngg
0.000F é%%gv& r’;;:é]m;}mw ]
2 0 2 4 6 8 10 12 14 16
Vel (V)

B 4-8(b) ~ 2 T A48 kT B2 Vel B 28 o
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T AR EES S 5 K

o 1B R M2

d 3 SCLT éhfiy 1 £ i Ak 5 B L LRI T inora o 2 0 L TRt

9 ¥V’ o2 s g re :
Jﬁgﬂwz;i$?ﬂ¢ﬁﬁm4ﬁ§4Lﬁ$LM°1ﬁ%mF$ﬁ%*wﬁ%ﬂi
-Bgvé]ﬂht"lm I? %_‘?\’i&?]‘z"‘d’g’i“a’%C;bfiﬁjﬁ;iﬂ{?‘xﬁo4’5g»_v:ll— s B E 2R
BREHBF T BEH TFB (F5 475 B i & K HL © § A3 - HEHEG

diode P& o

BEP
RIFEF L3 i w14 PEDOT:PSS ¥ j1 » 1 T F hpihh TFB ¥ » e hie » 3 7

T TR TR R R LE P AR POHT P LA -

h-

28

e

| ITO/ PEDOT / TFB / Al |

PEDOT : AI4083 2500rpm  Annealing 200°C 10min in glove box
TFB : 1wt% in CB 5000rpm 30s  Annealing 200°C 10min in glove box
Al : 400A > 0.2 A/s

A% % w44 ImmxIlmm
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PR B

PERNP RS TR T IONR R T S FTH Ao B 49 A bl AT
2 TFB 5 2 444t ez 448 - 2200 P3HT 5 M- MIT B R L E 7 < - Bl 4-10
AL TFB & B /BT A e r 2 F2 U200 o 24P deih ¥l 5 TFB (7 HOMO

9 5 5.3eV #& PEDOT:PSS 1152V & » @ £ %753 G 2 o “7 A i ad 235

- Tﬁ;?l‘fﬁ °

10" — ; ; ' '

10°t y
N 10 : g
E . = .o -
§ 10°f Sy 1
c " [« P3HT diode| |
< 10°F ; 1
- 3 ' o TFB diode |

'6 2 N 2 "N 2 N I N 2 N
16 > 0 9 4 6 8

V(V)

% 4-9 ~ TFB Diode ¥* P3HT diode 2 J-V [l

o

10°F Slopy 4
St 7 '
< 10° - & T
= - . 3 1
L 10’} - S -
< R .I .. -
E 10-3 i . o° J
=} om memBleeccs -

L o TFB diode -

10-7 N PP PP | N o s 2 2 aaal

0.1 1 10
V(V)

Bl 4-10 ~ TFB ¥ P3HT diode 2 log J —logV ] °
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RE&P h
¥ 58 457 ] e 3 FPEDOTPSS vt e+ {245 2 fegp B it - &
PEDOT:PSS® 2~ #+ R & # 7 11§ ek § PEDOT:PSSeort & 7% o ipl32 L7 it 4

d 3Fredp+ B & $#PFI3 »xd4k 3 PEDOT:PSS# & e » 22 TFBA) = Fod* 35fF o

| ITO / PEDOT:PSS:PFI / TFB / Al |

PEDOT:PSS = 1:0.2
PEDOT : AI4083 2500rpm  Annealing 200°C 10min in glove box

TFB : 1wt% in CB 5000rpm 30s  Annealing 200°C 10min in glove box

Al : 400A - 0.2 A/s

PEDOT:PSS:PFI | 1:6: 0 1:6:0.1 1:6:02

E R RE R

4ol 411 557 0 SEET SR B SeAT RS B PRI ke i in B2 Tk s o R
% F P B L PFLAES 2 % PEDOTPSS 2 # adc » fe 24 9 18 3| en® i @ & 47
2 P3HT 4p4 7 it o420t 5 TFB P53 @857 3 R @2 @ { 3 572 TFB

PR g i i e e e bt 4 - B
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»  PEDOT:PFI=1:0
PEDOT:PFI=1:0.1 ]

, , »  PEDOT:PFI=1:0.2 ]

2 0 2 4 6 8 10

V(V)

Normalize J (mA/cm?)
S 5

B 4-11 ~ 3 5754 S04 té 5o PEDOT $ TFB /2 » 2§58 -

TRSZELFUI TR LE DS B g DL ey
AR o — At p e B (on/off
CHREET L PRARTEIET T AELE R aflie) 0 BRI A

TENH-KFAFLEMY O NEUF LI pETIE LR F A FRLERS

>
~

TR T LR SRR X BN LR 2 ERCT S

P

AR EARE A K X EWE A S O BB LR ERT R o

B e d ES A RHE - AR 2R Sl o LT
BEPETRBAF 2D LG WA EL L Tl IRE RS iR H

FaFAFREM T F eI A Aihr iy o pLeb o L AR E 4 MEITT R BN
(<2V)22 % B B 1t (on/off ratio) g 10%e st — %”T;TE B2 2 FTFUIT HMELT - &

TS DICE R
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FOEST - G S HOTR T N MEL G R R e B £ H R G
FER G AR R BT SO s i e Tt AR - LT NG
0o L F B DR R R B chd R AT e

PREHELFBTLAMET Z BRSNS MR RS R RS L
rZ Rt D FRACE VA EM R FEL R o TR RS R TR K
ARFBPAE IR LG B IR P RTBARERRTI LA N - 50 G AR
B v (on/off ratio) » 2% 4% H3F 5 1B K ¢ BRI T S W KT & MW off
current > FE T HMWEH  F PR L EM T T oo - & 0 S FH I HARN - R
Brl3# itk 8T Wiven LR B ¥ e Frkias ok &8 f%‘x
Fofskn @l N EF st rL 2T

Y ERGEHAe o LB E L e » REFHTET U R HER

2 A

ﬁzfﬁﬁiﬁ’ﬁi;@ BRE AT R R B E T F R o RS

&

-
5
fa

ade 2T R B EEET R 0 4 F R RA B o 2 BT T A

Z_ B B ¢ (on/off ratio)f%_428 = # = 3] 10775 -

P3HT or high mobility polymer

. S,
Insulating layer— Au

40



4-2-1 St4& &= 14 5 12 (E-C diode)

£ %fr%ﬁ‘ﬁé—ﬁt‘ » P3HT 2. HOMO ( Highest Occupied Molecular Orbital ) £ 5.1eV »

O (4.7eV)) = A dam @ & TIFIL > F v Fp o 12352 ﬁ’” }&ﬁ@mﬁo
%% €% dipole 5% » @ 3 & ITO chst S fc4.7eV & F T 9 5.2eV » 253 Fodd 4279 o
SN 1 a‘,ﬁlﬁ@gﬁﬁvﬁo Fehow VIR R BAATE 0 3 LR S .

SRR BT AR LM o AR L T FT AT MY

E-G 2 [ eh §q e G4 % G A0STH AT 0 T fFd % E-Cdiode 7 f#fF 251~ 7

Y
=

BB P
F B E-Cdiode 7 34+ 22 » 7 5 o

| ITO/ P3HT /Al |

ITO: O, plasma treatment 150W for 30 min

P3HT: 2.5wt% 2000rpm annealing 200°C for 10min in glove box

Al 1 0.1A/sec for 400A

FHEEERNS

4ol 4-13 ¢ 277 > R iRE AR TV SEERT 0 1V 2+ ;T*”ﬁ LI R R k&

s Fé&;ﬁ/f‘%}. F\I#:J‘L/n 5‘1&-@%’ \L/H ‘4,}i" 2V ﬁ']ii 4.61’11A/Cn’12’

>/
ﬂ
=
o
[\
<
fat-
rSL
I
(7
)1
By

CRARAL TSR TARRT B RPD AN B IV B g ff g
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Log scale(] 4-14) » ¥ L 0.1V~03V en& 5 4 1> Z BB MR 2V =+

A2 Ay TR hed AT BT o S RSP ARER

i T Ol GF RRRIZE S ITO i1~ PR F @45 4 P3HT -

: i
_ 101 1
1 _ '! 1
£ 10 g ‘
g 103_1! Z.éG(chmz)attlz\i/}:
N2 1 .0 (MA/CM%) a 1
10% TV 1:
7] !

WO e 123 3

V
B 4-13 ~ & {& 2 B4 4&:4 Diode J-V § -
2

10 : e
< O! Sl(V]
E 10} !
< Ll 1:
E 107y 1:
107} slopel 1
10'6: e - -:

B 4-14 ~ £ 1&27 544% =4 Diode log J -log V B8] -
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4-2-2 % %% (Insulating layer)

F oA R -fﬁ B2 4T St d E-Gdiode 2 § in#F M ki 5168 &

Y

LB IR AT S B L R S AR R SR AR B iR IR

=
=

FETS O ERG G W L 8GRSO L b o AP E
B B3k T £ #(Organic Field Effect Transistor) ® > 5 ¥ £ E # 5 BBSG S & o

F #3#L—PVP» i® 5 gt - %(T;T?j”

ﬂ\%—

W2 2B TR UHT LG Gk HE

R P o
5w PVP i 18 5 ®lAnsig > Tt %‘%E’ #2 PMF(cross linker)# Fo 2_ W B3R & 4c 0 &
4 cross link - BL2%% [TO # % 7 %@EJ_E&F&“ N RS S R T RIS Bl R W s

FEE

ITO / PVP /Al

ITO : O2 plasma treatment 150W for 15min ~ 30min ~ 45min
PVP : 3wt% ~ in PGMEA ; PVP: PMF =11:4

2000rpm ~ 6000rpm for 60sec

Annealing 200°C for 60min in vacuum

Al @ 0.1A/sec for 400A

15min 30min 45min

6000rpm Bl 4-15

2000rpm B 4-16
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PEHREFENHG

d B 4-15 ¥ % 6000rpm ik 2. T o E I T f}ﬁ)f@ﬂ'_?z A é’f‘l‘%’fi%ﬁ‘é”ﬁ »xervE 4 PVP
G ek o 2R £ %] & 6000rpm ###E T 2. PVP SEE A R0 MR E 2 G AR T
Frod M4-16¢ 7 L@ T T RASL A T £ 2 PVP L 4 5ok 45 4 B0 &.6000rpm
2T H 2 PVP e b B enR F3e G 2000rpm i T ) F 2 PVP KR o T 4
d 4167 T A EFF RLRASLL FRHE O PVP 2 B gonk F i Rl A ALE

TR ASZE A ITO % 6 b0 T 2 2 20 PVP bk o b et JF o

10-4 A9 L) L) L)
10°} 6000y pm

10°} A .
107 "‘x -

T

g 10°F *‘5&‘ .
10°f ¥, .
A it = 15min
0F Lk ‘ﬂt e 30 min
-11 2 - 4 45min
A -4 -2 0 2 4
V(v)
B 4-15~ =247 FEFEFHITO 1 5 "é:’i‘]%/%@ﬂl_’PVP 6000rpm T 1 [-V B ©
107} 2000rpm " -
T n
ﬁ v L L}
108 B ‘ ‘Hl I. f. 1
.., . - "
109 R 00 ° I.. o ]
< R % -
= 100F g v e s
M' P
10t Ve S T S min
Se .Y° e 30 min
12 N © N A 45 min
10 -4 -2 0 2 4

B 416~ = 87 FPEFRF$ITO 1 § iﬁ’]\/f@“’ » PVP % 2000rpm * 0 1-V B ©
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4-2-3 3k 2 44 (Metal grid)

AESHI R T AU T LM R ERTE E) ST HWEHNE ZF
FrRIT ERFE A AT e - B AT HWALT AT FF M (On/Off
ratio) e & Btz — o Bt R A LT W2 RF G PSP IR G FHEEYE 0 5 HEHF N
AR B fRFRFCF PSPk A B R R F L PS ] ak e 5 —
K6-020 ffv 2_ o

FOHFE AEAFI R TR APARE T - kAR 4-17 T 2 WA 0 4

KT - kPR EF o
Insulating layer deposition
paolystyene spheres Al deposition Remove polystyrene spheres
200000000, . eeesestee et~
| Glass | | Glass | | Glass |
02 plasma
Al deposition Organic semiconductor deposition etching
Glass Glass Glass |
B 4-17~ A7A 2 B2 AR 2z WAzT LW -
R P
LK PVP 2 b > 395 aunfh K6-020 RF e [ ok BT | it s h 4 %
Z_hE i o
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ITO / PVP / K6-020)

ITO : O2 plasma treatment 150W for 30min

PVP : 3wt% ~ in PGMEA ; PVP: PMF =100 : 125
6000rpm for 60sec
Annealing 175°C for 60min in vacuum

Pretreatment: O2 plasma 5S0W Imin

BIRIEE

#- iT 2 PVP e9% » 7 F ik & e K6-020 PS 3k (2 4 2000A)73 R 4 » £ &2 3t

F e A ER R Y A S DA .

0.4wt% in 0.6wt% in 0.8wt% in 1.0wt% in
ethanol ethanol ethanol ethanol
Dip in boiling IPA | ] 4-18 (b) B8] 4-18 (¢) ] 4-18 (d) B] 4-18 (e)
Dip in boiling B 4-18 (a)
methanol

B ok % R

v ] 4-18 ()& (b)F LGB E AR P PR adTiE e 0 K6-020 A T s 5 393 > B

F2 gt e

-

m

A Iwt% R B 4e3 RE 2R % -

46

B 4-18 (D)(Q)(A)(E)RI T 1245 0} & 0.6Wt%2 0.8Wt%E8F 7 4 cha




&l 4-18 (a) ~ 0.4wt% in ethanol ] 4-18 (b) ~ 0.4wt% in ethanol

Dip in boiling methanol - Dip in boiling IPA -

10.0kV

&l 4-18 (c) ~ 0.6wt% in ethanol %l 4-18 (d) ~ 0.8wt% in ethanol

Dip in boiling IPA - Dip in boiling IPA -

Insulating layer deposition
polystyene spheres

Glass

B 4-18 (¢) ~ 1.0wt% in ethanol

Dip in boiling IPA -
47
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R kP o

& K6-020PS -] 3% } A48 L tR > £ 455 K6-020 ] 3 - Wik & 3k THE
BRI RAT VRS 2 B ERLT § HET RS ¥ AR

Y F TS AR TR FEL PVP & agn TR £ DR F 4R o R

BT ST E-PVP AR50 e fr A € piRkARIE 2 o

ITO / PVP / K6-020 /Al |

ITO : O2 plasma treatment 150W for 30min
PVP : 3wt% ~ in PGMEA ; PVP: PMF =11 :4
4000rpm for 60sec (60nm)
Annealing 200°C for 60min in vacuum

Pretreatment: O2 plasma 50W Ssec

K6-020:0.8wt% in ethanol - dip in boiling IPA 10sec

BIRREE plasma etching

Without O, plasma etching | 50W for 9min | 100W for 9min | 150W for 9min

B 4-19(a) B 4-19(b) B 4-19(c) ) 4-19(d)

LEERE-E T
d B 4-19)F LA K6-020 -] skt A g S eF R RS HE L pik > T oA st g 2
FAEARZ AR 2 BN 2 IVF R G VEA T RR 0 BRSPS )3
UAF ik L f 4 (repeatable)
d B 4-190)CHA)T L - g 0§ THAILS 5 T LRPVP B3 aciE o #

FFIO150W pF > 2 BV 0 b B AR DA T - PVP A %50 o
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Remove polystyrene spheres

100KV X50,000 WD EOmm

=
+
—_
\O
~
o
N
e
o

e I ‘,ﬁtf K6-020PS /| shisww A % T jﬁ% 2 Fk AT

Remove polystyrene spheres

Glass

100KV X180,000 WD 6.0mm X150,000 WD 6. 0mm 100nm

B 4-19(b)~ % 4% % 48 5 45 % K6-020 PS | 3k 15 71 SOW § % 34 %] 9 A 402 (2) 5 G (+)

Blg AR s T RACERE Y B ()R B HS T LR
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Remove polystyrene spheres

Glass

B 4-19(c)~ 7 4 % 4.5 45 4 K6-020 PS | 7§ 12 12 100W § % % 4%] 9 & 452 () Fiei (+)

CREEEE RS v L R JESER S £ b R OR

B 4-19(d) 7 4% = 4. 45 1 K6-020 PS |- 3 15 12 150W § 3421 9 4 42 (2) 5 G (+)

g T AR E(DHESHES TR -



R kP o
Bl T4 BV R T AR ORI G2 AR 1L S8 P3HT 0 A g% P3HT 4
F A% A3V 32 ITO r Al § 24 e fg -

BIREH I L PIHT A3t ik 4L & b ez B o

| ITO / PVP / K6-020 /Al grid/ P3HT |

ITO : O2 plasma treatment 150W for 30min
PVP : 3wt% ~ in PGMEA ; PVP: PMF =11 : 4
4000rpm for 60sec (60nm)
Annealing 200°C for 60min in vacuum
Pretreatment: O2 plasma S50W 5sec

K6-020 : 0.8wt% in ethanol > dip in boiling IPA 10sec

1500rpm 2000rpm 4000rpm 7000rpm

P3HT 2.5wt% in
CB spin for 30sec

Bl 4-20 (a) | B14-20(b) | B 4-20(c) | Bl 4-20(d)

PR BN

® 4-20(a)(b)® ¥ & P3HT #fgic %5 1 34 B engr® 22 1TO 4478 - - faw 44
R EMET L ARG > BB W EARE o AR BT 2 g A5 o [ 4-20(c)(d)
0 P3HT © Sp B 4 741 = 3U i 4 25 o PIHT o 5o (s 205§ » & 5 PIHT 1
* f 4B P3HT ™ = 1B Rl 6 BEE T ¢+ G-CRT » L 12 #3 - B 42008 7
tfid 4000rpm p¥ > PIHT & % i je B4 w0 s ina 4 o 9700l 4 ehi i

Ldgid 1500rpm~2000rpm & i o
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Organic semiconductor deposition

Glass

Sh:80 SEM

(b)

Sh:80 SEM SEI 100KV H50,000 ¥

(d)

Al (Collector)

P3HT
AlO;
Al Grid
PVP

Glass Substrate

Sh:80 SEM

Bl 4-20 ~ fdt ik Kk A& Rgg g & P3HT # i

(2)1500rpm(b)2000rpm(c)4000rpm(d)7000rpm 2_ ¥ $7 3% 7 F R Acgr e » e H &

-

T
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PR e A N S A L - s P Y e

ITO / PVP /Al grid / P3HT / Al |

ITO : O2 plasma treatment 150W for 30min
PVP : 3wt% ~ in PGMEA ; PVP: PMF =11 : 4
4000rpm for 60sec (60nm)
Annealing 200°C for 60min in vacuum
Pretreatment: O2 plasma 50W Ssec
P3HT: 2.5wt% 2000rpm annealing 200°C for 10min in glove box

Al 1 0.1A/sec for 400A

BRI S

B 421 EATF B2 5 B TR WL HWECLD FET g TR F i
BT R M AE T A WL R A I MEITIRI 2V NA BB B
(On/Off ratio)i ¥| 10775 ~ R ix % & 5 515 mA/em’ ~ RinH £ (BT BTN
20100 Bl 4-21(0) 2 WEETIAE EBET RN P HIET R M AE 0 7 L0 M iF
PR AR AR R N 8 4 S B R R S AT HER S
ﬁﬂﬁ%?ﬁwﬁgﬁﬁ?&ﬁ” 9- BER B FLAL EAP T T RE PVP

5

P S B4R B R - BRBNT MEES G o R AUET IR PVP 2§ 4R

z‘

Fehe §o fonarE M RIET
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—,.U . "Gon:‘off ratlu = 10??51

-V (V)

B 4-21(a) ~ AT R HZ FLF VT BMED F V6T Vel B -

~ 1.0 -
£ 0.5. 4
__9__ i n;/]
< 0.0;
.05
= 1.0

1
-V, (V)

B4-210) ~ A B L FRFUIRHMET B VT Velo M 1R -
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FABHL ZF R T LW T AR F R IR

TR -BHZTHWOEMFEFTRY L E-Cdiode pi&2» 2B T

2 g i W E-Cdiode 5% 2 » 3 BT R TR TH AT KM P iv T Fr A8

Rk

7P E-Cdiode i in/R iz » 215 T R rg2z ol -

ITO / P3HT / Al |

ITO : O2 plasma treatment 150W for 30min
P3HT: 2.5wt% 2000rpm annealing 200°C for 10min in glove box

Al : 0.1A/sec for 400A

Time between spin P3HT ) ) ) )
2 min 12 min 18 min 32 min

and O2 plasma treatment

L R e

B 4-22 %M 5 7 I\f‘ BEHITO L~ it 4 GUE"EFFR R o § ?5]%@@_%6

AEBP Tk g2 PIHT e inild cmpeie » 1 2B U RIN R B - ¢

A= - 22l 7 H
Bt BT R AKX T T - BRR -
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[EEN
o
(o

107 -
S A i
G'\l) 10-3 B ==:vv n 2 min b
IC__G 5 I 'Vv ¢ 8 mln l
E 10°F g 12 min -
B -JW v 18 min -
Z 10°F o 32 min -
N’
) [ 7 7

10”

00 05 1.0 15 20 25 3.0
Forward bios (V)

B 4-22 ~ A4k P3HT & § R @ prpe 5 1 ~ 02 B 0R ) -

%P e
o 2 ,%”gc} peifh PBHT &2 3 % #/%@El_i PFEEF veii'd @%fr%ﬁ_—’}‘i B

AT M2 TR -

| ITO/PVP /Al grid / P3HT / Al |

ITO : O2 plasma treatment 150W for 30min
PVP : 3wt% ~ in PGMEA ; PVP: PMF =11 :4
4000rpm for 60sec * Annealing 200°C for 60min in vacuum
Pretreatment: O, plasma 50W Ssec
P3HT: 2.5wt% 2000rpm annealing 200°C for 10min in glove box
(‘'spin on coating in 2 min after O, plasma etching )

Al : 0.1A/sec for 400A
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BRI S

W 4-23(2) £ o ff PIHT 2 § S ACL e ATHT R HE 5 B R A7 41 R b Wl et
R BT EBRTARARALEETIRY I PTG T HE MEIFTRT
0.8V 11 p 7 7 ik 3 B B (On/Off ratio) g % 10*> T2 A 9 1.36 mA/em® > TE
(BT /ETIN) 95 10° M4A200) 2 BT FET RN FHiET RE

Z B GR o TRMAT R -

N IEATE - —
0 ® V_ =-055v '
10l i Vv, =-0.20V ottt
10°F v v ,=o015v '...u ]
_ 10%} V, = 050V '.'.l -
O ~ < V_= 0.85v s i}
i) 3 i 5 ’ o -
—_ 10 VG = 1.20V .'l vv‘“v .
10_4 3 'I wv 4% Gt j
& - v
10 = NJ\“;;%‘{J;Q'{q‘J«“‘ D ]
3 Yy
10 6L v YK, -
107 L— \ b . .
[Vel
Bl 4-23(a) » Bt B2 ATHZ BT WITRMWET F VT VeJo b T -

2
J (MA/cm’)
= o
=

\

0.0 0.4 0.8
Vel

3
=3

T T BA AR VT Vel M AE o

B 4-23(0) ~ 1+ 15 2 AT 1
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5-1 %%
AT IR TRIEEY AXEMAL AP XTI 2R T FUIT N
o1 FREEGALE DT T F - S RO T BRI AR f el g
B fWr> 2GR adP EIRABAF I RF B EF PR R BF LT R oA
REEXRF O R LA WL Sl FET w47 MR R TR A ) B
(On/Off ratio)428 » F it % & 4 27mA/cm’
A SR AN - e Ewﬂ?&wﬁ$ﬁpnaig’%éi7%gﬁia?
WU S R e AT S R A KB A RS - L ot
Off current » ® F| ¥ JE it ff — =t L 4l
WP T g d %

”?_,ﬁjl_

= d"&’/}é‘ ll'(«
B A AR T - RS T T
B R 5515 mA/cm?

K
2V 11 2 3% B B B (On/Off ratio)if ) 10775 >
A BSERN T FHE S TR ISR AW ANTRL AL F A
AH O TR TAFASNSEIFTFUIT HW MR A B T AW KT
TRI 0.8V I & dE B A (On/Off ratio) ) 5 10%: ¢ i
BWE (BT EEin) 95 10%.

2R X 136 mA/em® T

‘M‘;!:j\’/\"’ ’J-F'&ﬁ_,j\:mﬁd"dﬁ_,aa

8 A l*“f#i%frﬁ Ve 1 MR RAB L
My A F e (£ 5-1) £ H R (On/Off ratio) £ 4 R (Operation Voltage) s *
# 2 o 7% & (Current density)2. "% 47 F|He (T7 B'E L > @ 2L
R e

;L,fi-i\‘._} @ﬁg:«—r L3

o
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ZRLF UL LMW SRS B E RN ET 100 P RAHTFG L
On current 3 & P~jd3t 2 g4k 2§45 388 5@ Off current PB4+ 30 & 1 21 33 5

Wz B8P R g g B a4 P (RS T2 o

Operation | Output current
On/off ratio | Current gain
voltage density
A 8 42 SCLT 428 10° 6V 27 mA/cm?
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