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&t CIii=a Polymethyl
methacrylate (PMMA) T Qjof &= #HeAll FHH=A Q] RE2Z X9 AAHAL PM B 2}2Fo
ROl et 1 A3 B LE Laie] 7] Edllu RuH eolEki & SRR
otk shAluh, AAT AiGE Bdol A Axtol uloloj it Ql7bElglS A, Holojs sEdA &
2 Bl g AR Ao EdlAT ZA o]5S PMMA _E'__;(]—F/']:o] AasteE Zdgo] Wiy
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Hick olefeh BAb AIte PMMA EAahe LA wike] W wstel] o7 Ao
t}. &, PMMA T E2AMS dhobo] 7hx|s 26K a7t HstEm oz 2kasle] Exjgfo] wzkst v}o)
ol sEH A HIE Aozl Ao weH

Abstract: Understanding charge trapping at the interface between conjugated semiconductor and polymer
dielectric basically gives insight into the development of long-term stable organic field-effect transistors
(OFET). Here, the charge transport properties of OFETs using polymer dielectric with various molecular
weights (MWs) have been investigated. The conjugated semiconductor, pentacene exhibited morphology and
crystallinity, insensitive to MWs of polymethyl methacrylate (PMMA) dielectric. Consequently, transfer curves
and field-effect mobilities of as-prepared devices are independent of MWs. Under bias stress in humid
environment, however, the drain current decay as well as transfer curve shift are found to increase as the MW
of PMMA decreases (MW effect). The charge trapping induced by MW effect is irreversible, that is, the
localized charges are difficult to be delocalized. The MW effect is caused by the variation in the density of
polymer chain ends in the PMMA: the free volumes at the PMMA chain ends act as charge trap sites,
corresponding to drain current decay depending on MWs of PMMA.
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1. Introduction
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2. Experiment

2.1. Device Fabrication
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Figure 1. (a) Molecular structure of pentacene semiconductor

and polymethylmethacrylate (PMMA) gate insulator. (b) Device
structure of pentacene organic field-effect transistor (OFET).
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toc (g - ()42 (Mw)Lie Eq. 1
3. Results and Discussion

3.1. Morphology and Crystallinity of Organic Semiconducting
Layer
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(a) 3 nm-thick pentacene

Figure 2. Atomic force microscope topographic images of
pentacene thin film deposited onto PMMA layer with variable
molecular weight (9~390 kDa). Thickness of pentacene layer:
(a) 3 nm, (b) 10 nm. Scale bar: 1 um.
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Figure 3. X-ray diffraction pattern of pentacene thin films
(thickness: 50 nm) deposited onto PMMA layers with variable
molecular weight (9~390 kDa) - theta-2theta mode, wavelength
= 1.54 A, 10C1-Pohang Acceleration Laboratory.

3.2. Electrical Properties of As-Prepared Devices
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Figure 4. Electrical characteristics of pentacene OFETSs based
on PMMA with variable molecular weight (9~390 kDa): (a)
Transfer curves (Gate voltage, Vg dual sweep from 60 V to -60 V;
drain voltage, Vp = -5 V) (b) Dependence of field-effect
mobility extracted by Eq. 2 on V5.

3.3. Bias-Stress Stability of Pentacene Transistors
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2ol jgt ek gole sha Zheksi Al wojojs AE

g2 & T(bias-stress effect)z} tt}. E3], EHAT
A AlolE At ez o] FaPol gyt 2AH =49
014 & (ON-state drain current) ZF47F fEA o &2 Bz
H=dl, ol f7INtEA e AR A EA st H
HA 3 Z9(delocalized state)o]] A= AsH HA S =9
(localized state) 2 H o] X]+= # 5} E 2| H(charge trapping)
Aoz A8t 2 9ltk(Fig. 5a) [11,12].

HEpAl 7] EH A 2 E 2] PMMA #A4sFo] whE HE
ojojx AEY A Ayt WSS wEsty] 918l Hioloj X
AEHAVG = -60 V, VD = -5 V, 247} 017}) A%
Edian 34 545 Fig. 50)¢} (o= 44 9,
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Figure 5. (a) Schematic of bias-stress-induced modulation of
density-of-the-states (DOS) at the interface between organic
semiconductor and gate dielectric. Band edge charge carriers
are delocalized, contributing to the charge transport and drain
current, but some of them are localized by bias stress,
resulting in the decrease of density of mobile charge carriers
and drain current. (b, c) Bias-stress experiment conducted
under vacuum (10° Torr): (b) 9 kDa PMMA, (c) 62 kDa
PMMA (black square: before bias stress; red circle: after bias
stress - Vg = -60 V and Vp = -5 V for 2 hours; blue triangle:
after 2 hours of recovery). (d) Dependence of bias-stress effect
of OFET using 62 kDa PMMA on relative humidity, RH. (e)
Bias stress and recovery experiments of the OFET based on
62 kDa PMMA conducted under RH = 30%: black square:
before bias stress, red circle (step I): after bias stress, blue
triangle (step II): 10 hours of recovery of the bias-stressed
device, and purple inverted triangle: 2 hours exposure of
humid environment without bias stress.
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3. 4 Molecular Weight-Dependent Bias Stress Stability
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Figure 6. Bias-stress experiment under humid N, (RH = 30%):
time-dependent Ip with fixed Vg = -60 V and Vp = -5 V.

Cho Atg o] A otstAY ulz7lX 2 E A& oA
9] 2 B ass PMMA AL 9o - BEA A4S
auloﬂ o depd slos aeEds] dugos

22} A HRE AR SR va R A

7]—?(] g, PMMA Hzlgko] ol A= AL m—r,].u
o WEL Zobeich SRAALUT ko] 45483
oj& Qs H7kedt HstEHNF HAYSE Fig 70
etk A RE AsUwe] 5o gy
2R} AReT o AG0] Wel g BN F
BARE 2 Qo] o] §E AR RN BEA 3



134 PR

S #eb Astel 552 7H So7it). Sharma AT
g Hilo] w2 o] Ff EEAHH0)9} sHE 7]
HE= A (0S+H7E A7) 8kt vhg-of oJs = FZ(HH)o] A
A % Sick: 2HO + 408+ — 4HT + Oug) + 408, o3
A BAE TR2EL Ht, H:0+ FEHE PMMA A&t
o ARele) EAREE A% 2 ABANE 2T -
ATH16]. & HAUE 2% A&E7} 09 oA =
THE A ol EAgFans dod 4 gl
a ater vapor
(Fre)evolumag}._r e F:’gm;; ?3 Trappad hole .@
R R @p
PMMA chain-end_ : P
%H i Qﬁa; .1
(b)
Water vapor P o Q Free vol.zmev* X Diffused PYDE’D??@
Qreve @ U » @
Frae hole @ Pr\ﬂMAchamenef .
Pentacene lfayer - 24 i

Figure 7. Water molecule-induced irreversible charge trapping
as an origin of MW effect. (a) Water molecule trapping at the
free volume of PMMA chain-end, resulting in charge trapping.
(b) Proton (H") generation at the conducting channel of OFET
and proton migration into PMMA chain-end.

4. Conclusion
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