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1. Introduction @) (b)
Organic thin-film transistors (TFTs) have attractégr
nificant attention in research and development for Au | Au cl
next-generation thin-film electronics because than be
processed on plastic substrates with various pgntech- CH, CH;
niques at very low cost. While recent efforts hackieved Parylene-C
significant progress in improving the electricabhcdcteris- | Al |
tics of organic TFT devic8s), operational stability re- n
mains as a major issue to be resolved before argeRl Fig.1 (a) A schematic illustration of the fabrichterganic
devices can realize their full commercial potentiihe TFT devices with parylene-C as gate dielectrics. (b)
changes in transistor characteristics when applpi@gias Chemical structure for parylene-C.

stress, hereafter referred to as DC bias stressteffis the
obstacle to long-term operational stability foramge TFT  The DC characteristics of organic TFT devices wasas-
devices, as well as other TFTs including those doase  ured using a semiconductor parameter analyzer (G20,
a-Si:H, poly-Si, and metal-oxide semiconductor mate KEITHLEY). All the measurements were performed at
ald™™. In p-type organic TFT devices, threshold voltage room-temperature (approximately 25°C) in a nitrogen
shifts under DC bias stress conditions are geneialla mosphere to avoid degradation of fabricated TFTiagsvin
negative direction for negative gate-source vok&ge exposure to aft”!

In this study we found that organic TFT deviceshwit
polychloro-p-xylylene (parylene-C) used for the egalie- 3. Resultsand discussion

lectric material exhibited positive threshold vgkashifts Figure 2 shows the change of threshold voltatié()
under a negative DC gate-source voltage. Thesesshif  as the devices are stressed with constant bisages /s
creased nearly proportionally with increasing pamg-C = —40 V,Vps= 0 V). Figures 2a and 2b show the changes

layer annealing temperatures. The annealing proizess in transfer characteristics before and after singsthe de-
proved the crystalline structure of the parylendagers,  vices for 3600 seconds, for TFT devices fabricated
which caused more distinct positive shifts in thad anneal temperatures ©f = 30°C and 150°C, respectively.

voltage. When a DC gate-source bias voltage of —40 V wasircon
uously applied to the TFTs with annealing tempemila
2. Fabrication process = 30°C for 3600 seconds, the threshold voltageezhif

Polycrystalline pentacene TFT devices with paryléne slightly in a negative direction from —20.4 V to0-2 V.
as gate dielectrics were fabricated by employingi@uum Further, when DC bias voltages of —40 V were cattirs-
evaporation process. An illustration of the bottgate, ly applied to the TFTs with, = 150°C for 3600 seconds,
top-contact TFT device construction used is shawFRig- @) (b)
ure la. First, aluminum was evaporated onto a ¢labs 105 F 6
strate to form a 50-nm-thick gate electrode. A B@®thick 106
parylene-C (dix-C, KISCO, Figure 1b) layer was then 107

Vs =-40V, Vpg =0V
3600 s

_ =
formed by chemical vapor deposition, and was amaein s‘gigj 52
a nitrogen atmosphere. We prepared several suchdeFT T 1010 < o
vices with different annealing temperaturds),( ranging 1011R - 1000165
frorr_1 30 to 150°C for 1 h. Next, pentacene Iayersewiﬁ— 1092t B0 o T
posited to form a 75-nm-thick organic semiconductor Ves V] Annealing temperature [C]
channel on the parylene-C dielectric layers. Finaiold Fig.2 (a) Transfer characteristics for a TFT devigth T, =
was deposited to form 50-nm-thick source/drainteteies. 150°C taken before and after applying a DC bias volt-
A micrograph of a fabricated TFT device is showrFig. age Ves= —40 V,Vps = 0 V) for 3600 secconds. (b)
1c. The channel widthW) and the channel length)( of AV, as a function of annealing temperature for the
fabricated TFT devices were 1000 and 65 pum, resmbgt parylen«C layers
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Fig.3 X-ray diffraction patterns from parylene-C rthiilms
with different annealing temperatures, i3 swept from
30°C to 150°C in 20°C steps.

the threshold voltage shifted dramatically in tlsipive
direction, from —23.6 V to —19.4 V, without changes
other key electrical parameters such as on/off iatid
field-effect mobility. Figure 2¢ showsV+y as a function of
stress time. These results demonstrate a strorendepce
between threshold voltage shifts and the anneédimgper-
atures for the gate dielectric (parylene-C) lay&rss ten-

dency to “reversé threshold voltage shifts was enhanced

with increasing annealing temperatureg,Higure 2b
showsaVyy as a function of,, which clearly indicates a
linearly proportional change iaVyy vs. T, with the fol-
lowing linear curve fit:

AVry = 0.041F-1.74 (1)

In order to investigate the molecular arrangemént o
the parylene-C dielectric layers, we analyzed thismg
X-ray diffraction (XRD). Figure 4a shows the depend-
ence of XRD peak for a parylene-C thin film (layleick-
ness: 500 nm), such that all measurements weredamut
at 30°C. The XRD patterns show that a pealvat 24.5°,
which is indexed as the (020) crystallographic cticet®,
increases with increasing annealing temperature.

There is strong relation between the positive bias
stress of TFT devices and the crystallinity of plagylene-C
layer. This result indicates that a positive simft/7, is
associated with the presence of dipoles in paryeteey-
erd’. One of the hydrogen atoms in the benzene ring of
parylene-C is substituted by a chlorine atom (FédLi).
The hydrogen atoms have a positive ionic charaatieite
the chlorine atom has a negative ionic charactee. ARD
results indicate that the parylene-C thin-film les/bave
amorphous-like crystallinity when the layers areealed
at low temperatures less than 50°C. However, aimgat
temperatures over 50°C causes the crystalline growthe
parylene-C layers. The glass-transition tempergflyeof
500-nm-thick parylene-C layer is about 48°CThis rela-
tively low T, causes structural re-ordering and then im-
proved crystallinity in the parylene-C layers thgbuan-
nealing. The out-of-plane XRD measurements shotv tha
the (020) peak increases through the annealingepspc
which represents the parylene-C molecular chaarskst
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along the c-axi8¥. Each chlorine atom in a single repeat-
ing unit of parylene-C molecule is located randoonby
ward or downward along the main chain direction mvhe
gate voltage is not applied between gate and salece
trodes. When a gate voltage is appligds(< 0 V), chlorine
atoms gradually align upwards by free rotation lbeeaof
their negative ionic characteristics. The origirtted linear
increase in the positive bias shift effect is ptapalue to
the total dipole polarization oriented in the gatewce di-
rection, which increases linearly with increasihg trys-
tallite size through the annealing procedure.

5. Conclusions

In conclusion, we have found that the organid Te-
vices with parylene-C layers as gate dielectricilsted
positive bias shifts under the negative DC gateemu
voltages, yet there was almost no hysteresis fannithe
transfer characteristics. The crystalline domainsrew
aligned and grew via an annealing procedure, wbétsed
the bias shift in the fabricated organic TFT desite re-
verse. This tendency to reverse threshold voltsigéts
under the DC bias voltage could potentially be ulsaf
controlling TFT devices with stable bias.
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