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Organic thin-film transistors (OTFTs) have attracted increasing interest for their
potential advantages, such as, low cost, lightweight and possible fabricating on flexible
substrate, as well as, large-area feasibility. For constructing a high performance
top-contact OTFT, it is very important to understand the influence of interfaces, which
play a crucial role in the overall performance of the device. Mainly, there are two kinds
of interfaces in the OTFT. First is in between the semiconductor and the gate dielectric,
where the conducting channel forms. The second one is in between the source/drain
(S/D) electrodes and the semiconductor layer where charge carriers are injected.

First, | particularly discussed the latter interface. Organic and metal interfaces
mostly limit the performance of the device and field effect mobility is also decreased. In
earlier reports, it has been shown that the diffusion between the metal electrode and
pentacene reduce the hole injection carrier at the interface which causes the increase Iin
barrier height and contact resistance which effect the performance of the OTFTs. It is
shown that the contact between the S/D electrodes and the organic semiconductor can
be improved by inserting transition metal oxide layer as carrier injection layers. Because
of good electronic properties, transition metal oxides such as molybdenum oxide
(MoQO3), tungsten oxide (W¢) and vanadium oxide (@s), and other oxides such as
germanium oxide (GeO), titanium oxide (Tioffer a unique opportunity to control the
work function, and hence increase the charge-injection properties. Therefore, by
modifying the organic/electrode interface, the S/D electrodes do not directly contact
with pentacene layer and hence significantly reduces the contact resistance, barrier

height and provides protection from diffusion and other chemical reactions, which



increase device performance.

Second, | investigated the enhancement of the charge injection and field effect
mobility by inserting a thin (5 nm) Mo GeO, WQ and TiQ interlayer between the
Au electrode and pentacene layer in a top contact pentacene based organic thin-film
transistor (OTFTs). In comparison with the pentacene-based OTFT with only-Au
electrode, the device performance with bilayer electrode has been considerably
improved. The device performance including field effect mobility, threshold voltage,
and on/off ratio of all the device after modification was highly improved, and the
highest mobility of 0.96 cfiVs, threshold voltage of -4 V, and highest on/off ratio of
5.2x10 were achieved in the device with 5 nm GeO. | further investigated the
temperature dependence af-Mp characteristics which showed strong temperature
dependace in all the devices.

Third, the obvious temperature dependence,®fd curves in all devices suggests
tha the charge injection characteristics can be fitted by the Schottky emission
mechanismBYy plotting the relationship between In(l) vé’¥/and extrapolating straight
lines to the ordinal point, the current at zero voltagés Idetermined. By using the
values of b, the relationship between 1p(T?) vs 1/T is plotted and from the resulting
slopeof extrapolated lines. While in case of bilayer MO&u shows 0.03 eV, WgAuU
shows0.05 eV, TiQ/Au showed 0.04 eV and with only Au electrodes barrier height of
0.12 eVis achieved. The lowest barrier heights of 0.01 eV could be achieved in case of
bilayer GeO/Au electrodes. It is assumed that the barrier height was dramatically
reduced by inserting thin oxide layer between the Au and pentacene layer.

Similarly, from surface morphology of pentacene, the root mean square roughness is

also decreased after inserting metal oxide layer. The main factor for the improvement in



the performance of the OTFTs with bilayer electrodes was explained in terms of the
reduction in barrier height and smoothed surface roughness of active layer. Therefore,
the combination of a thin oxide layer with Au as a bi-layer electrode is an effective way

to improve the characteristics of OTFTs, which makes the device suitable for

commercial applications.

Finally, | further reported the enhanced carrier injection in pentacene OTFTs with a
thin MoOs-doped pentacene layer between pentacene semiconductor and the S/D
electrodes. Device performance including drain current, field effect mobility, and
threshed voltage are improved by employing a Md@ped pentacene thin layer. The
barier height at the Au/pentacene interface is lowered from 0.12 to 0.05 eV after
inserting a Mo@-doped pentacene thin layer between them.

In summary, | have studied bi-layer S/D contact of metal oxide/ electrode structure
by applying OTFT. Obtained barrier height is as small as 0.01 eV for GeO/ Au structure,
which value is lower than that of conventional M&&u structure of 0.03 eV. Therefore,
GeO/Au bi-layer electrode structure is promising for other kinds of electrodes structure.
In addition, effectiveness of doped pentacene with M@Qdesignated. These device
structures are promising for OTFT application and exhibited best performance reported
to date. Therefore, it is considered that this doctoral thesis is suitable for receiving

Doctor of Philosophy.
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ARG N7 0 U2 Z(OTFTs)E, (K= X b, BE, ZLT7 ¥ U7 LHER
EOFR S R L ATREDMEE 2 LIRS Rl TS, mtkge by 7=
227 FOOTFTZFEBR T HITIE. 73 AVERERR A 457 % Ui D52 4 PR
THZERKUITHSD, OTFTTIE, EICZ>OEELRRNENA D, &1L, 7
— MR, CEEARRE T, ZRICE Y Ty RV EET S, B2 A HEE
B/ BRAE T, ZHIZED XY UTBREASND,

(o AR R I oW Tk Lo, AR )8 mix T N A
ZVERe e i bR L, ERNRBEE RSN D, YIHo®RETIL, @BE
&R 22 ORAJEHEMS, OTFTONY 7Tong hE a2 7 MEFLZHINS
B, RETOR—NVFEAZRDLEIEDL Z LIRS, Y—A /KL A (SID)
B L AR EROMO a2 7 R, v U TEAELE L TEBRSBRLY
AT L ETREESND Z LB RENT, BBeRE(EY TH 2Mo0;,
WOs, V05 CMDEREA T 2 GeOXe, TiOH D BATF /2 s AR THF Bk
MHE S, FoRRE L TEMEARENSEIND, Thvx, Ak &
MAmHZN R T 5 & T, SIDEMMNEE X J@ITE LRy, 3
&7 MEHL, N T A b ZLTT AL AMEREZ W) LS D EHC oo ks
WG Z R <2 & RE L 712 D,

B2l by 7TarvXy oA B OTFTE MV, #UYE nmYDMoOs,
GeO. WO;, = L CTIO Mt A AU L~ & U MITHR A U7z BR D & i A K
PO E & ERBEE O 21T > /2o AuD B DENRAEFFO~ X & OTFT L
g LT, ZEBEEBEMA R OT A AOMRIIRE S SEI N, R
ANEOBRDFEBEE, LEWEE, A4 7 HORTOT /S AEREILHE <
E S, 5nmDGe0x AV 5 Z & TR B EIE 0.96 cmilVs, L & WEE-4V,



ZLTIREDA A7 H5.2x10 BNiEK SN, £2, 2 TOT A ADIp-Vp
FEPE O EERAFEIERE T, 5RVRERAFED R S L7z,

3T, BTOTNA ADIp-VpfFEDIRERFHE LV me S b a v b
XIS L D7 4 v T 4 v T BT T2, In(l) EVIHEE T, BIEOVA~ D4t
FoTay b, BVCTOERIDRED, ZOlz AV, InlgT? 5t UT
PEDORRZ 7' v M U E 2155, ZJEH#1E DMoOs/AuT0.03 eV WO3/AuT0.05
eV, TiO/AuT0.04 eVTHDHDIZXKF L, & L AUEMDAH TIENY T A bR
012eVTh o7z, I bIERWAY T A & LT, JEEMeO/AUT0.01 eV 15
oo UEDIHIT, Aub X2t EBRICENRIEMEZHRAT L2 & T, A
UT A DB R T,

[FEEIC, XX B OREET AR Y =00, ET 72 A IE&RmHBILYE
DIFFAIC L VD Lz, ZJ@EMm A OOTFTOMRES E O FERIL, N U 7T
A FOWA & TEEEORE T 7 X ADPDIZE B O LI ST, Fivl,
HO R E)E & Aud ZJEREE O/ AT, OTFTRHEDSE TN R HIETH Y |

XV EEISHOBENLT A AR E LAERH KD L 525,

BT, XU B L SIDEMMIZHEVM0O; R—7 D & & g & Ffo
VA UOTFTCOF v U 7 IHEAREOWFEIC OV THAE Lz, #\MoO3 K —
TOX B ARBOHAZLY . KA VB, BROREBEE, 2L TL
XWEEEEFLT AN AFERSGE S, Au/ XU Z B U SUETO N TN
A MEMOO; R—=F D2 Xt AFAIZ LD | 0.12eV)¥%0.05eV K S iz,

fhiam & LC. @it Emo " J@iEEmo a2 7 FOOTFTISHIC
DUVWTHFE L2, GeO/AutEE TH HLILTZ/NY T na 0.0l eVE/hEL<, Th
I E O ST D MoOy/AUE M 0 0.03 eV & Il L TR o 72, i,
GeO/Au B E I OEMEE L LI L THETH D, AT, Xk



MoO;/S R—7 SN Z 2 OEMMEEZ R LT, 2Ib DT N4 AHEEIX
OTFTICHTHYETH Y . ESN TWAB RN TIIEEDMEREE R LT,
T, AEER OIS A2 SIS LS DO TH D LISz,



