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< ZH| Hol, 973t tuje| A 5431 714 AAEo] 9=k 4l Il
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AT Ha1 Y= F7] TFTE] tufo]A FEl+= unipolar accumu—
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3t} Ambipolar operation mode®] TFT+ carrier?] A2%hs A
©7A, excitong BN WFE F5F F Utk Lucentr
SchOn- Oligothiophene 7S o]-8slo] A|st FET7F Am—
bipolar mode®l4 ¥& WHeIth= W% afef, {7144 FETe]| ol
3PS FZAE AVE NEATHEAE H4E =)0
oF e AgxIEel o3l Wagsh= /7] FETel ojgk A7 21
g=lo] gont TRl A whs QIS wbd §7] TETeA
g2 oju] 1950 dtiel] Bz E3ltk’ 2003 Heepd} 19
EgEo Za WA o® A8 tetracened} A% FESF poly—
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M &ean Line 1 Ecan Line
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—

Diata Line
Drata Lime

I8 3. = 3|2, (a) #7] EL and (b) |7/2& FET.

o

fluorene FET7F unipolar mode® 2438 1 y1510] G734
FETY 71sAS Agelstinh & w33 dielectric break
down @Xo)y leakage currentol] 7]Q1314] kit} o] & PPV
Al 124 thiophene ] €210 5 w34 FET A=el o
g A77F AxE o gl Ha glvk OBl 2= Adachi T150]
®SH g vz o)tk

Heep ZIE4+ active layer® #7154% p—typed] &4
ARG, g w7t S-S AWt Gateoll A9 17bst
AE (+)o] active layer S} gate insulator Ale]o] FA %11,
source9} drain Ato]e] AYE AEA7IH, drain A5 7R X
ol pinch—off Ho% &2l 3] gl P9l A= L, pinch—
off 997 drain A= AW 7ol 3 ZHAAE drain A52
EREY AR} () FYE LolskA shvta A¥sta gt I8
291M= Au 248 source/drain =02 AREE L Qi) A
7144 FETS EL 2% &S 0.01% BF=Qld], ol
drain A= o2HE ] M2} 74] a&o] W] Wi ow ATt ¥,
A G685 Eol7] 98l A2 AFAEEY /BT active
layer 57 7igto] Aol O 3 JHdsiAl f71ELY
7% FETY T53ZEF vludict 7713 FETX+=
driver FETS} OLED 35-919] A&7} 7FssliAA 532
o] =3} ol Aok

2 e

2. Device H|Zt

714 FET9F B ==l gibrle® dlo] Algstar
= AT AR 39S - 4ol EAISIITE n—type Si/SiO:(ca.
300 nm) 7|#S MRSk AZ3E 3 SiOs(gate insulator) €l
photoresist (PR)-S F83F th3, hot plateZ AFE-31o] soft bake
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8 4. /{714 FETE A= M=,

gtk 1ed—bake—develop S 7144 PR sedS |4 & 5,
Adhesion layer® Cr %2 $&3}1l, source/drain A=0F
ARREE Au B458 S i) Lift off 3HCE Au 9450% o]
FolR A= S A4Sk, acetoned} isopropyl alcohol (IPA)
o AHEEte] 71t ot Sl EeES AAsE W5 3499
iR e A7gdo] vt 71 AR (SAM)E §F Fll, active
layer® AMEEE E44 47188 23 = A9FE dlo] §7)
W FETE tiute] A5 Alkgich

31 XMEXt Hlatg 0|88 {74 FET
Tetracene B90 2 TEFT EAJY} EL EAJS EA]0] F+ask=
o] Adasted, f71dd FETO tisht A8 a0 = ddAz

W A7171 218 SAM AHEE 313, SAM 2] $ SA] cham—
ber® O] A)# tetracenes F2+ 33Th

AZFE device:= saturation behavior< X.©]*= unipolar field
effect transistor 54 2.1 ©H, hole accumulation mode®]
A FAEITHAE D).

T8 60llM+= source A=A ] HEAT 71918t satura—
tion S Bl

VGS=-80 Vol 7% Hole mobility (Uh) = 5X 10~ cm”/Vs
9131, threshold voltage (V)= —25 V 9tk 1831 1x10°¢]
on/off ratio® ¥t} Threshold voltage (Vi) =—25 V&=
9] o]-gol thet trap site”} Warg 2ulat, FFel ot Injec—
tion barrier7} EAFHE SJw|ghet. B A StellA€] shaped
output characteristice Au A=A U2 FFo] Tetra—
cene HOMO 9ol =23=1) injection barriers 7433}
Q=& YERIT) n—type inversion modeoX+= 2551A] ¢t
o, AR o]FEE worn] HAke] FUE AL gl A 2t

afel =reta skl BFE HolFe e de
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& 5. Output characteristics for different gate—source voltages.
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18! 6. Transfer characteristics for different drain—source voltages.
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18! 7. Optical output characteristics for different gate—source voltage.
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18! 8. Optical transfer characteristics for different drain—source voltage.

AR 91 Har l50] 43It} Optical characteristics< 1
8l 7,804 & 4 qlrt

Source—drain A (VDS)& F7HA1719, saturated drain
current ([) WA= 23 =7} At} o) FYu= Axke] =7}
off 7]QIshH, g2 JFH A v|e] #3E FAISH she o
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& 9. Emission spectrum at VGS=—-80V and VDS=-80 V.

18! 10. Picture of an operating OLEFET.

She slo] Whgs S7AIZITE 8 99l 7193 FFTC] emis—
sion spectrums YERATE emission spectrum®] center= 540
nme tetracene BFEFY] emission spectrum¥} 31t} 2
kA2l zto)z] &A% luminance™= 45 Cd/m*$12.m, lumi—
nance &2 0.0024 Cd/AZ J¥°] source—drainyt 272
Aol =m, 25k FF AARle] AdFete] Ws Ui 9l
e Sulgit), wesh A o' Hate] F4lRe] A5 Julsh]
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Gate insulatorE %3+ A} leakage”} tetracene ¥H =2]
e v gt 7EsdS BAES] $1E, S/D ks o7
™ gate currentE FAFIAITE gate currents 23]8 s
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o

o M
9 o
= -

ol

4
Wyl Easto] gl 8 1004 Bols R 2L
drain = FaolAgh dojdt}, gt 2= VAl A
3} B33, o] gate oxide leakage 7ol 7]1918h= 24| o}
Yehk= ek S ot vkek whgo] leakage Aol 711,
W3 transistor A Pl BFE Zolm, source A= F
oM 71 At whgo] w Fojof 3 Aoty

E 9] working principle E#MX|AE]7} A¥ accumula—
tion mode®lX &-53kil, ©]i= Aulwork function 5.1 eV) el
2] tetracene (HOMO Level 5.4 eV) ©22] A3 o]zl tft
AR o @ RS dinjection barrier® AWska k! whd @xp
o] F{1& AW3lr] $3lA = tetracene (LUMO Level- 2.4
eV) 3} Au?l injection barrierg! 2.7 eVE Z&3ljo} &17] wl&
o], thermal energy ©]¢]9l|% high electric field9} o422l
deviced] FZolA Sg-S Ak Pk ufo]Aef st scan—
ning electron microscopy (SEM) ZA}2 Au =3} oxide %
™ Atole] YA underetchell &gt rough edges A3
g 1.
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2! 11. OLEFET in hole accumulation mode.

Underetch® drain®} source Z=2] el tetracene 52

| shadowing effect® 283814 a1, S/D A=3} gate oxideA}
oo bad contact A 9] Q1o 7 Z-23t} Bad contact Wi
o drain A= OLEDQ] &=} 72 AI8ks: 319, active layer
Ql tetracene "etel] Mx}E FsHAl ¥ a1, channel Fo] Y=
e it

Tetracene active layer® AFE-3t 57193 FET+= unipolar
7] TFT$} w3t 1718 54 (J3- accumulation mode® 2+
)2 et w4 A7) gate voltage$} drain voltage®
Z48k &= I ° ™, transistor channelolME= FFo] FU= 1,
drain A=A AA7F FYE0] o] 7o AdFoR Wgo] o
o g HoiFelrh

32 DEX} HAES 0|23 S71LY FET

Active layer® polyfluorine 545 ARE3510] VDS (source—
drain AP =-60 V o)delr g Rl sigitk Auz S/D A
=& AlEt 037 SAM AEE &3l Gate insulator XS A&
FAo R W21 9™ gate insulator®} active layer?] H&EAAS
=9t} olojx] AT FE/annealing IS A polyfluorine
EAE active layer® ZH= 771453 FETE A|ZS1A

Gate voltage”} —60 Vo] Euj] 7}4]+= unipoloar hole accu—
mulation modeolX ZEd= TFTSF 22 B45S Belv (g
12(@). 8! 12(a)2] 4l¥ T-elM= drain voltage”} —20~
—40 V4], drain current saturation®] 4o @< & 4 3l
t}. Poly (9,9") —di(ethylhexyl) fluorine Film (HOMO : 5.8 eV,
LUMO : 2.1 eV) ol th3ll, Au(work function 5.1 eV) =025
Bl 4% F90S 913 injection barrieri= 0.7 eVeolar, HA} 9]
S 93t injection barrier+= 3 eVolt} WA E device:® F¥
accumulation mode® ZE& Zo7 oAkEw AR} injection
& ] deth

I ® B sy, e AR 12(b)) o] HASHE 7FE,
polyfluorine =4 el 33 219 injection®] dojitar
958 9udltl Gate insulator® %3+ leakage current’}
electron source?] 7FsAdo] & = gl EDE8 794 % =
Q1¥ %tk Undereteched ® A= 3H-2] ¥l 3%t wiizell OLED
TZ7F WA A o (AR 13). & drain A= cathode,
¥ accumulation layer+ anode® Z-g8HA ¥ 11, 342 A7)
= Gate Aoz 48 4= 9t} Active layer® 2H-8R= poly—
merZ&< kS, drain A= vlEA WSS emission point
£ 7H4E field injections 58t WA} injection?] 7Fs/d2 =
oA = Ao7 oAAtslar gk

A
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12! 12. Transistor characteristics of a polyfluorene light emitting.
transistor: (a) output characteristics and (b) emission characteristics.

chanml

S 2 um

";‘-.fams edge :

12! 13. Scanning Electron Microscopy(SEM) micrograph of the
transistor.

33 971U FETO| ChEH S/D M= Fap

Poly (2—methoxy, 5— (2’ —ethyl—hexoxy) —1,4—phenylen—
evinylene) MEH—PPV) & active layer® ARg-slo], T35S
golgit) S/D F=Fo 7 Cr/Au A=K} Al/Au A=2] lumine—
scence T&0| F5S FE FO2A, carrier 5 TEAA
7} device 5/l T3t 98-S TS HAFIT

&l 149 Cr/Au A=3F Al/Au A=9) output characteris—
ticsS UERASIE 8 149 (@2 (b)) 13olld gate H=9)
(=) Aol S7Iskd, drain AFE S7HHS & 5= 3tk Al/Au
Z=9] drain currentt Cr/Au A=9] drain current Xt} 2t}
°li= MEH-PPV=?] A& Folli=z Cr(4.5 eV)/Au(5.31~
5.47 eV) =], Al(4.06~4.26 eV)/Au(5.31~5.47 eV) A=
B} f83he oulsith ! thA] WElA] active layer® 2HgEh=
organic layer”’} p—type@ul=, =2 work function #ko] &
T5 AE Y fFlgke st

AE Zo)A drain?} gate voltageZ} Z7F5bH, orange light
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8! 14. Output characteristics: (a) Cr/Au &= and (b) Al/Au B3,

Intensiny (arb. uniis)

41HY Sy MY Tk
Wavelemgih {mm)

2! 15. Emission spectra at the gate voltage of (a) —180 V, (b)
—160V, and (c) =140 V. The drain voltage was set at =150 V.

emission®] #AY&}5tt

8 15914+ Cr/Au =l th3t emission spectras RS
ot 2 spectrat EIES 159 7124 0® YUt patterns
ZH=t}. Al/Au A=% FU3F emission spectras B33t}

18! 16914+ drain voltageE —150 VZ 11743}l gate vol—
tage= 5712 uf light intensity7} 57182 Bt} Al/Au
A=e] Cr/Au =R 78 whgs Wole, ol g8t dxk]
balance”t Al/Au A= o] 78S Snjshd, FUsgt =713}l
A= AV/Au AF0M 2] AR; F9d0] o] golghs ou]Fith

olAKA 9] AEANE BEu=, f743 FETS] 2 mecha—
nism= o} o] 93 & 4 Qlt}. @ gatedll negative S
Zol3=d, MEH-PPV &} SiO, Aldel da<] A dE. @ source
A= Sl ol 957, channel $& &3l drain A= 2
Z 24249, @ drain AFol high voltage”} A&, drain A=l
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34 MEX} EAMUOle 0|23 Q7L FET'®

1 wt%—rubrene doped tetraphenylpyrene (TPPy)= ac—
tive layer@ AFE-8}+= field effect transistor 7ZoA o345
stel gt} Rubrene doping® S/D channel length2 Z&gow
A EL 545 A 7+ 55 E13oH, EL 542 gate
voltageZS 711714 7o) =713t} Rubrene dopings TPPy
aggregated morphology (molecular packing, grain size) °l] =
IS T A FA= 94%kem, channel length7h ZrobA
carrier £8]0] &7 07 Uojy= AS HoFY. Channel
length®= 0.4~10 pm% 3L channel width+= 2 mm$ith S/D A
O 25 MgAu/Au, Al/Au, Cr/YAu/Au, MgAl/Au s AHE-3F
o] EL g uist d=A5e] a5 10 ad 17).

TPPy film®] PL peak® Amax=455 nm®|i, 1 wt%—ru—
brene:TPPy film®] Amax=559 nmo|t}. ©]= TPPyolA ru—
brene L. Z &89l forster energy transfer”’} ©]FoA|1L )
=5 ovsiel( @ 18). & 199141+ channel length”7} 10 pum
9} 0.4 umAwe] L,—V,; 545 531 Qltk Channel length7}
10 pm<! 8 19(@)°lA+= A& 2R unipolar FETS] 54&

L

—=— r/Au
== Aliku

2 & 2 &

]
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Photocurrent (pA)

=
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i i i
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12! 16. Luminescence intensity as a function of the gate voltage.

Twt%-Rubrene: TPPy (B0nm)

Cr{1 nm)iAu(40 nm)

Si0, (300 nm)

L Carrier recombination and
exciton farmation region

8! 17. Schematic view of the OLEFET.

RQlIth High Vyregion(=—50 V)olX& [, saturations
o]a1, low Vyregion(£—40 V)olX= linear [,—Vy EAS X
]It

HHA channel length7} 0.4 um<! 8 19(b)olM =, d340
unipolar FET 5733} th& o941 [,—V,; 5435 ¥1Ith High

.l]-nillllh-up;iu
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e 3'“‘ LS furl ] T Lo
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18! 18. Photoluminescence (PL) and absorption spectra for TPPy
and 1 wt%— rubrene doped TPPy.
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18! 19. Drain current (/) vs drain voltage characteristics: (a) Lsp=10
um and (b) Lsp=0.4 pum in OLEFETs with 1 wt%—rubrene doped
TPPy layer as active layer.
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18! 20. External EL quantum efficiency vs drain current charac—
teristics: (@) Lsp=10 um and (b) Lsp=0.4 pm in OLEFETs with 1
wt%—rubrene doped TPPy layer as active layer.

Vs region®X % id saturation®] WA ka1, @318 I 4>
w43 S7Feith wsk V=005 48] w2 7F ek
short channel length®lA& S/D 214 high electric fieldell 7]
Q13 S/DelA 9] direct carrier injection®] I—Vy S48 2435}
= T80 Hr

18! 2004+ channel length®ll t3} external EL quan—
tum efficiency @} drain current®] #A1E Hos=t}. Channel
length 10 um<>, channel length 0.4 pm Rt X FZ3+
external EL quantum efficiency 4342 ®elth(R 20(a)).
Aol A Ak a841 T IAEE], AR s
$1814+= drain current saturation (carrier depletion region®]
/) o] HQa3t, long channel length 10 umelA+= drain
current saturation®] YA CHAR 19(@)). WHA drain cur—
rent saturation®] TSR] 949k, channel length 0.4 pm (3
& 20(b)) oM tha erskx|nt [, S71ol uket external EL
quantum efficiency 472 ®.9], channel lengthel w& 133
mechanism®] A& &S o511 9It} Channel length7} 2
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opA AFE]] mA&O] spobA A, B drain voltageol A=
drain®lA] active layer=2] 2} 9] d-&0] Fopxith. J& 19
o} 8 2004 Boli= ukel o] (-) gate voltages T7HI71H,
Id+ channel lengthell #AIGle] T7 sk, I EL dAtase
asit) = (-) gate voltages S7FA171H SiOy/active layer
Zol g5 FFo] WSl 5 FUMAZIY, AR 13
FJL ok3lES o 4= vk webA channel length 0.4 pm<! t
Hlo] A5 o] g3t A, (+) gate voltages 7+ Al7IH Z#k
o FAH FA8E VA F AS A= RO [elE
W7t ¢, S EL Aka&wt oFke] Wslrt QIsith 2%
EL SAa&9 okt S71=, drain Aol o] $902 23 5
7F EQ ot 2] F2e- A WA ehska-g SJulgitt
wt%—rubrene:TPPy ¢} TPPy layer?] 714 54& vl
= W, ;—Vy 547 mobility= ¥I=F oL & EL YAt a 8-
1 wt%—rubrene : TPPy 9] ] %3t} = rubrene doping
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8! 21. Structure of the OLEFET.
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18! 22, Output characteristics at different gate voltages: (a) Mylar
gate insulator and (b) SiO, gate insulator.
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18! 25, Molecular structure(a) SY, (b) PPcB, and (c) Energy level
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8! 26. Transfer scan for the ambipolar OLEFET.
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