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We report on the tetracene-based photo-thin-film transistors (photo-TFTs) which adopt thin
poly-4-vinylphenol (PVP)/aluminum oxide (AlO,) bilayer for a gate dielectric and two different
source/drain (S/D) electrodes: semitransparent NiO, and Au. Our tetracene-based TFT with NiO,
S/D electrode exhibited quite good field effect mobility (u=~0.23 cm?/V s), high on/off current
ratio (I,,/Iog) of ~10°, and good photo-to-dark current ratio (I,/1g,4 =~ 10%) under an ultraviolet
(364 nm) illumination while that with Au S/D electrodes showed much lower device performance
(n=~0.08 cm?/V s, Ioy/ Igy= ~10*, and I/ 14,4, = ~ 20), although the both TFTs operated at a low
voltage of —8 V. With the hole-injection and light-reception advantages of NiO, electrode, our
tetracene photo-TFT demonstrated good dynamic optical gating. © 2006 American Institute of

Physics. [DOI: 10.1063/1.2396712]

Organic thin-film transistors (OTFTs) have been exten-
sively studied due to their potentials toward driving circuit
for display or low-cost logic applications.l_4 Among many
types of OTFTs pentacene-based transistors have been
known to be the most promising in terms of field mobility.
Tetracene-based TFT does not have a high field mobility
compared to pentacene-based TFTs. Therefore they have not
been the focus of the present organic electronics research
that prefers fast charge transport or fast switching, and thus
only a few studies on tetracene TFTs have been reported.sf8
However, tetracene-based devices could be still in high de-
mand within the framework of optoelectronic and photode-
tecting area.’'" In particular, since pentacene-based devices
cannot carry out any photo- or optoelectronic missions de-
spite their excellent dark electronic plroperties,10 studies on
achieving a high-quality tetracene photo-TFT with an en-
hanced field mobility and improved photoelectric effects
should be again very important for advanced photodevice
applications.

In the present study we have fabricated low-voltage tet-
racene photo-TFTs with thin poly-4-vinylphenol (PVP)/
aluminum oxide (AlO,) bilayer dielectric, where semitrans-
parent conductive NiO, instead of Au has been used for
source/drain (S/D) electrodes to achieve an enhanced field
mobility.

AlO, films were deposited on the indium tin oxide (ITO)
glass by rf magnetron sputtering using a 2 in. diameter alu-
minum oxide target (99.999%) in a vacuum chamber at room
temperature (RT). The thickness and sheet resistance of the
ITO films were 79 nm and 30 /7, respectively. PVP film
on AlO, layer was then prepared from solutions of PVP and
poly(melamine-co-formaldehyde), as a cross-linking agent in
propylene glycol monomethyl ether acetate (PGMEA), by
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spin coating and subsequent cross-linking (curing) at 175 °C
for 1 h in a vacuum oven. The thicknesses of our AlO, layer
and PVP film were approximately 100 and 45 nm, respec-
tively, as measured by a surface profiler (Alpha-Step 1Q).
Then, tetracene channels and S/D electrodes (NiO, or Au)
were sequentially patterned on the AlO, layer with shadow
masks by thermal evaporation. The deposition rate was fixed
to 0.1 nm/s for the evaporation of tetracene (Aldrich Chem.
Co., ~98% purity) and was controlled to be 3 nm/s for the
evaporation of NiO (99.97% purity) and Au. The thicknesses
of tetracene, NiO,, and Au films were 50, 100, and 200 nm,
respectively. The sheet resistance of NiO, films was
60-100 /1. Fabricated form of our TFT has a nominal
channel length L of 90 um and channel width W of 500 um.

All electrical and photoelectric characterizations were
carried out with a semiconductor parameter analyzer (model
HP 4155C, Agilent Technologies). Ultraviolet (UV) illumi-
nation of 364 nm was performed on our TFTs with a light
source (Oriel Optical System). The optical power of the in-
cident monochromatic light was fixed to ~0.64 mW/cm?.
All measurements were performed at RT. Finally, dynamic
UV response was measured by a setup composed of our tet-
racene TFT and a load resistance of 22 M().

Figure 1(a) presents a photograph that displays the plan
view of our tetracene-based photo-TFT with semitransparent
NiO, S/D electrode array placed over a paper with small
words “tetracene.” Although regions covered with the S/D
electrode appear darker due to a low transmittance of
NiO, (~30% in the both visible and weak UV ranges)'" than
the tetracene channel or PVP/AIO, background area, we can
still identify the letters on the paper. Figure 1(b) shows the
x-ray diffraction (XRD) (source Cu Ka) results of our tet-
racene film grown on PVP/AIO,/ITO glass substrates. The
organic film deposited on the PVP/AIO, bilayer displays
good crystallinity and thus these XRD results evidence that
the organic crystals grow well on the cross-linked PVP
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FIG. 1. (Color online) (a) Photographic plan view of our semitransparent
TFT array fabricated on glass. (b) XRD pattern of tetracene film deposited
on PVP/AIO,/ITO glass substrates. The inset shows the schematic cross
section of our tetracene-based TFT with the hybrid bilayer dielectric and
semitransparent NiO, (see the light penetrate the NiO, S/D area in the
scheme).

surface.'>!® The inset of Fig. 1(b) shows the cross section of
device structure where our active tetracene layer lies on the
PVP/AIO, bilayer dielectric.

The drain current—drain voltage (I;,-Vj,) characteristics
of tetracene-based TFTs with NiO, and Au for S/D elec-
trodes are shown in Figs. 2(a) and 2(b), respectively. Under a
gate bias (V) of =8 V our TFT with NiO, S/D electrode has
a much higher saturation current of 0.37 nA than that with
Au §/D, which shows only about ~0.06 uA. These low-
voltage operations were basically possible due to the bilayer
dielectric approach that enables good organic crystal growth
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FIG. 2. (Color online) I, vs Vp, characteristics of our OTFT with (a) NiO,
and (b) Au S/D electrodes. The inset shows a simplified energy band dia-
gram of tetracene interfaced with NiO, and with Au.
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FIG. 3. (Color online) |—I}, vs V; and log(—I},) vs V; curves obtained from
our tetracene-based photo-TFT with (a) NiO, and (b) Au S/D electrodes at
Vps=—6 V. Our tetracene-based TFTs were illuminated by UV (364 nm,
0.64 mW/cm?) lights.

and considerable dielectric charging on the PVP surface.
Here, our PVP (45 nm)/AlO, (100 nm) hybrid bilayer di-
electric appeared to have 31 nF/cm? and 4 MV/cm for its
dielectric capacitance and strength, respectively. More details
about the bilayer dielectric approaches would be found
elsewhere.'*"® Our main purpose in the present work, how-
ever, is to enhance the field mobility of tetracene TFT with
those dielectrics by using NiO, electrode, so that our tet-
racene photo-TFT may well transport photogenerated carri-
ers. The work function level of the thermally evaporated
NiO, is known to be larger14 than that of Au and thus should
be better matched with the highest occupied molecular or-
bital (HOMO) (~5.3 eV) of tetracene.' According to a sim-
plified energy band diagram of tetracene relative to the work
function levels of NiO, and Au [the inset of Fig. 2(b)], the
injection of holes from NiO, to the HOMO of tetracene'
should be much easier than from Au because the injection
barrier of the former case is smaller than that of the latter.
Based on our recent work function studies on the thermally
evaporated NiO, and Au, the barriers for Au/tetracene
(q®, ay) and NiO,/tetracene (q(Db Nio,) are estimated to be
0.55 and 0.2 eV, respectlvely * As for the OTFT using Au
S/D on tetracene, non-Ohmic behavior is also noted, in par-
ticular, from the initial V}, stages [see the dotted circle in Fig.
2(b)], giving further evidence for its large injection barrier
height or higher contact resistance.

The [p-V; relationships were obtained from our
tetracene-based TFTs with NiO, [Fig. 3(a)] and Au [Fig.
3(b)] electrodes at V,=—6 V. According to the log(=I5) vs
Vi and the =1 vs Vi curves, our tetracene OTFT with the

Downloaded 13 Jan 2007 to 203.249.80.231. Redistribution subject to AIP license or copyright, see http://jap.aip.org/jap/copyright.jsp



116102-3 Choi et al.
luu UV (364 nm)
0.02} o i
E -|)—M—l—-,_r——o V=V,
()
(o2} J
E vDI.I|
S |
+ 0.01
2 P"y’*l"""'ﬁl"'ﬂ‘“‘Wﬂlﬂ" il
) ‘
Wi Vi | 'mm
O'OO(I) e 10 :II:)"“M““MM 3Io '“'EEIO
Time (s)

FIG. 4. (Color online) Dynamic photoinduced output signals obtained from
a measurement setup (inset) involving our tetracene-based TFT with NiO,
and a 22 M(Q resistor. UV modulated with 0.1 Hz turns on and off our TFT.

NiO, electrode showed a high mobility of 0.23 cm?/V s
(saturation regime mobility), a high on/off current ratio of
~10°, and an excellent subthreshold slope (SS) of
0.3 V/decade, while the performances of a similar OTFT
with Au were limited to a lower mobility of 0.08 cm?/V s
with a lower on/off ratio of ~10* and an inferior SS of
0.7 V/decade. Since the reported mobility of single crystal-
line tetracene is ~0.4 cm?/V s (Ref. 16), our presented mo-
bility (0.23 cm?/V s) is quite a high and enhanced value as
obtained by improving the contact resistance and the dielec-
tric layer design. Threshold voltage (V) of the both TFTs
with NiO, and Au was about the same as —3.7 V.

Our tetracene TFT with NiO, also responded more sen-
sitively to light than that with Au. The tetracene TFT with
NiO, was turned on by UV light at a low gate voltage of
—-1.2V and showed a high photo-to-dark current ratio
I/ Igar) of ~10* [Fig. 3(a)], while that with Au showed a
high turn-on voltage of —2.8 V under UV light with a low
Iow/ Iy of only ~20 [Fig. 3(b)] (/4 Was taken to be the
minimum current at V;=-2 V). Such improved photoelec-
tric performance is because the semitransparent NiO, S/D
electrode could also be used as a photon window. Since our
NiO, has an optical energy gap of ~4.1 eV and 30% trans-
mittance for weak UV lights,11 considerable amount of inci-
dent 364 nm UV photons could penetrate our S/D window
area to excite the depleted tetracene below NiO, as well as to
excite the open channel area not covered by the S/D elec-
trode [see the inset device scheme of Fig. 1(b)]. Therefore,
our teteracene TFT with NiO, S/D is probably an advanced
model for organic photo-TFTs, along with its enhanced dark
electric properties as presented above.

Dynamic UV response of our tetracene TFTs was also
tested through a measurement setup that includes the tet-
racene TFT and a load resistance of 22 M(). Figure 4 shows
the output voltage signals obtained from the setup. When a
low constant bias of —3 V was applied to the gate and drain
of our TFT, the tetracene TFT might be in off state (depletion
state, V;,=~=3.5V) in the dark. The tetracene-based TFT
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was periodically turned on by a 364 nm UV light (with a low
modulation frequency of 0.1 Hz and an optical power den-
sity of 0.64 mW/cm?). The output (voltage) signal due to the
photoinduced current was observed in the time domain.
Since the initial UV response time was as short as ~300 ms
but a few seconds of lagging (probably due to the intrinsic
deep level defects in tetracene) was also observed in falling
(turn off), the dynamic performance of our tetracene TFT is
probably not comparable to those of inorganic devices. How-
ever, such dynamic response or optical gating behavior from
any organic TFTs has rarely been reported.

In summary, we have fabricated low-voltage tetracene-
based photo-TFTs with thin PVP/AIO, bilayer dielectric.
When two electrodes of Au and semitransparent NiO, are
adopted for S/D, the tetracene-based TFTs with NiO, exhib-
ited higher field mobility than those with Au due to the band
alignment advantage of NiO, over Au. Our tetracene TFT
with NiO, also showed much higher static photoresponse
(Ion/ Igan. of ~10%) than that with Au because of the NiO,
photon window. Based on the good photoresponse, UV-
induced dynamic gating was demonstrated under a gate bias
of =3 V. It is concluded that our tetracene-based TFT jointly
adopting NiO, for the S/D electrode and PVP/AIO, bilayer
for gate dielectric can be an advanced form of photodetecting
organic device operating at low voltages.
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