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ABSTRACT

We demonstrate that PECVD SiO,N,, with good dielectric properties can replace thermally grown SiO,
in Organic Thin-Film Transistors (OTFT) applications. It can be used on ITO-covered glass or even fle-
xible substrates. Poly [2-methoxy-5-(3’,7’-dimethyloctyloxy)-1,4-phenylenevinylene] (MDMO-PPV) is
used as the active layer, due to its wide range of applications such as bulk heterojunction solar cells,
light-emitting diodes and light-emitting transistors. We show that charge carrier mobility can be at least

two times higher for MDMO-PPV on silicon oxynitride than silicon dioxide, pp,

1.1x104 cm?2/Vs.

MDMO-PPV spun from solvents such as chloroform and toluene provide comparable TFT performance
on SiO,Ny. Preliminary studies of devices with hexamethyldisilazane-treated SiO, demonstrate that
performance can be further improved by the choice of a proper surface treatment.

Index Terms: organic transistor, MDMO-PPV, hole mobility, SiO,Ny, surface treatment

1. INTRODUCTION

Flexible displays and sensors in the field of
organic or plastic electronics research have experienced
dramatic increase in the current decade, involving many
academic and industrial research efforts [1]. Conju-
gated polymers as poly[2-methoxy-5-(3’,7’-dimethy-
loctyloxy)-1,4-phenylene-vinylene | (MDMO-PPV) are
solution processed and, for this reason, excellent candi-
dates for low-cost and large-area electronics. Parti-
cularly due to the emerging necessity of non-conven-
tional energy supply, MDMO-PPV has been extensive-
ly studied in solar cells 2], but this polymer can also be
used in light-emitting diodes (LED) [3] and transistors
for active-matrix organic displays (AMOLED) [4].

Organic Thin-Film Transistors (OTFTs) are very
promising devices for the future of flexible electronics
thanks to the low fabrication cost and light-weight [5].
Companies are already offering a wide variety of products
based on these devices, such as printed logic circuits for
RFID tags [6], cell phones with electrophoretic display
addressed by active matrix OFET backplanes [7], and
OFET arrays for e-paper [8]. Polymer-based transistors
are more commonly p-type, as one characteristic feature
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of these materials is the strong trapping of electrons [9].
Poly(o-methoxy aniline) (POMA) transistors on p-
doped silicon substrate presents p-type behavior and hole
mobilities of 2x104 cm2/Vs [10]. Polythiophene deriv-
atives exhibit highly-oriented crystals with hole mobilities
of 0.2-0.6 cm2/Vs, which are close to those of amor-
phous hydrogenated silicon TFTs [11].

The main parameters in OTFT characterization
are mobility (n), on-oft modulation (Ipy/oFr), sub-
threshold slope (S), threshold voltage ( V) and hystere-
sis. As newly synthesized materials are released contin-
uously, it becomes clear that charge carrier mobility in
those materials probably will become the differentiation
factor to classify them [12]. Nonetheless, one must take
into account that accuracy in mobility parameter may
depend on the structure, utilized solvents and elec-
trodes, oxide-semiconductor interface, low impurity
concentration and materials processing [12, 13].

Plasma enhanced chemical vapor deposition
(PECVD) technique is considered to be an excellent
candidate for fabricating insulator layers due to its low
temperature deposition process (= 320 °C) and to the
easiness of tuning the film dielectric properties with
the deposition conditions. SiON, is an alternative
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dielectric for amorphous silicon thin film transistors
technology, whose qualities in metal /oxide /semicon-
ductor (MOS) capacitors have been widely demon-
strated [14]. A clear advantage over thermally-grown
Si0, is the possibility to fabricate OTFTs on different
substrates, such as indium tin oxide (ITO) covered
glass, metal sheets and polymers.

In this context, MDMO-PPV thin-film transis-
tors, utilizing thermally grown SiO, and PECVD
SiON; as gate dielectric layer, were studied. Thermally
grown silicon dioxide was utilized for comparative pur-
poses. Insulator properties were controlled by ellipsom-
etry, profilometry and by characterization of MOS
capacitors. Whenever it was possible, devices with dif-
ferent insulators shared the same fabrication processes,
being this condition essential to enable any comparison,
as performance is intrinsically correlated to process
parameters. Finally, SiO,N, was applied on glass-ITO
substrates and the resultant TFT performance was then
compared to those on Si wafers.

2. MATERIAL AND METHODS

OTFTs: fabricated were bottom gate bottom con-
tact devices on a 350 um-thick heavily doped p-type sil-
icon wafer (0.020-0.025 Qcm) acting as substrate and
common gate electrode. Prior to the insulator deposi-
tion, wafers were cut into 1x1 inch? samples and chem-
ically cleaned by the so-called standard RCA procedure
with subsequent etching in diluted HF solution. Silicon
dioxide layers were obtained by dry thermal oxidation
with 1.1.1-trichloroethane (C33) [15]. Silicon oxyni-
tride without any pre-oxidation and post-annealing
treatments was deposited by PECVD with silane (SiH,),
nitrous oxide (N,O) and helium (He) precursor gaseous
mixtures at 320 °C, 25 mW /cm? and 120 mTorr. These
conditions of deposition were demonstrated to be
responsible for a better semiconductor/oxide interface
in MOS capacitors, presenting the same thermally
grown silicon dioxide quality [14]. Insulator thickness
(%;) ranges from 100 to 500 nm. Gold source and drain
contacts were 100 nm-thick and were obtained by lift-
off after electron beam physical vapor deposition.
Channel width/length (W,,/L;,) mask values varied
from 55 to 220 and L, from 5 to 20 pm. Each sample
contained in average 300 transistors. From this ensem-
ble, we randomly chose to characterize 10 OTFTs for
each L.

MDMO-PPV (Merck KGaA) in 7 mg/ml chlo-
roform solution was agitated for 24 h, filtered (max.
size of 1 um) and then deposited by spin-coating at
3000 rpm for 60 sec. After deposition, samples were

Table I. Summary of MOS capacitors main parameters for both insulators.

MDMO-PPV

Au source and drain
clectrodes

Organic
Semicondutor

thermal SiO, or PECVD SiO.N,

p+-Si or ITO-coated glass substrate
and common gate

Figurel. 3-D model of the OTFT structure. Insert: chemical struc-
ture of MDMO-PPV.

heated at 55 °C and 0.4 mbar during 60 min. The same
procedure was applied for MDMO-PPV dissolved in
toluene. Resultant average thickness of the films was
100 nm. Organic transistors on glass substrates shared
the same processes of TFTs on Si, except for its partic-
ular initial cleaning: ITO covered substrates (Delta,
unpolished, 30-60 Q/sq.) were cleaned on ultrasonic
bath of acetone (20 min), rinsed with ultra-pure water,
immersed on ultrasonic bath of ethyl alcohol (10 min)
and dried under nitrogen flow. Device and polymer
chemical structure are shown in Figure 1.

Inorganic MOS capacitors on p-type low-
doped (100) silicon wafers (1-10 Q.cm) were pre-
pared from both insulators and used for measuring
important parameters such as the dielectric constant
and leakage current. More details about their fabrica-
tion and characterization are given in [14]. An Alpha
Step 100 profilometer and a Rudolph Research Auto
El ellipsometer (He-Ne laser, 632.8 nm) were used
to measure the thickness of the thin-films. Devices
were characterized in a HP 4156A parameter analyzer
with short integration time and no delay or hold
times, being the sample held at room temperature, in
darkness and exposed to the atmosphere.

3. RESULTS

Table I shows the results for dielectric constant
(x), effective charge density ( N,), density of interface
traps (Nj,), leakage current (Jiup,,) and clectrical
breakdown voltage (E,;) obtained from MOS capaci-
tors characterization. J,,,, is defined here as the cur-
rent density flowing through the insulator between
the two terminals of our MOS capacitors at 40 V (i.e.,
at the maximum operating voltage of our OTFTs).
Silicon oxynitride capacitors show superior perform-
ance with higher k and lower [,

Field-effect transistor output characteristics are
expressed by drain current (Ip) versus drain voltage

Insulator x; (nm) K N, (10" charges/cm?) N;(x10" 1/eVem?) Jicakage (<10 Alem’) E;s(MV/cm)
SiO, 252 3.9 47+1.1 1.9 1.6+1.2 93+1.3
SiONy 94 4.5 49+0.4 1.5 0.15+0.13 33+0.3
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(Vps) for different gate voltages (V). Transfer char-
acteristic is given by I vs. Vg for different Vg
Typical TFT curves for MDMO-PPV on highly-
doped silicon and glass-ITO substrates are shown in
Figure 2. Assuming OTFT operation in saturation, i.e.
| Vbsl > | Vs — Vi, drain current can be described by
the following equation:

I = (ukeg W/25L) (Vs — V)2 (1)

where 1 is the charge carrier mobility, x is the
relative dielectric constant, g is the vacuum dielectric
permittivity, x; is the insulator thickness, W is the
channel width, L is the channel length and Vpis the
threshold voltage. Carrier mobility can be extracted
from [1] by plotting Ip!/2 vs. Vg and calculating its
first derivative:

(Ipl/2) /3 Vg = (nxey W/2x,L)1/2 2)

where the Vg axis intercept of the tendency
curve is equal to the threshold voltage.

Current actually flows through a TFT at volt-
ages below V5 The Vg voltage where these first
mobile charges are induced in enhancement-type
MOSFETs is called the onset voltage V. The sub-
threshold swing can be calculated in the subthreshold

(a) X, = 252nm; W, = 1.1mm; L, = 5um
-40 p, = 3.46x10°cm*V's”
V, =-2.3V
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region, that is, the regime of operation between Vg
and V7, considering that I, current varies exponen-
tially with Vg Current modulation is calculated from
the relation between the maximum current in on state
(Ipy) and in off state (Iypp). Vris calculated only from
the off-to-on sweep. All these parameters are illustrat-
ed in Figure 3. More details on MOS device parame-
ters are given in [16].

A summary of the main OTFT parameters cal-
culated is shown in Table II. Hole mobilities ()
range from 105 to 104 ¢cm?2/Vs, threshold voltages
(V) were less than 10 V and mostly negative, sub-
threshold slopes varied from 5 to 10 V/decade, and
on/off current modulation between 102-103.
Hysteresis is a bistability in the operational transistor
current and appears as a difference in I, observed dur-
ing forward and backward sweeps of V5. We observe
lower back sweep current hysteresis for all devices.
Hysteresis factor (HF) [17] is high for OTFTs on p+-
Si/SiO4Ny, but comparable to p+-Si /SiO, for
SiO4N; deposited on glass-1TO.

As it will be discussed in Section 4, charge con-
centration () in the channel must be similar to allow
any comparative study on dielectrics for organic tran-
sistors. Accumulated charge carrier density is defined as

ng = CiVgs/e (3)

20 10 0 -10 -20 -30 -40
GS

0 -10 20 -30 -40
Ves (V)

Figure2. Output (Ip vs. Vpg) and transfer (Ip vs. Vgg) characteristics for MDMO-PPV TFTs on (a) p+-Si/SiOy, (b) p+-Si/SiOyN, and (c)

ITO/SIOyNy.
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Table II. Summary of the main TFT parameters extracted from /,x Vs characteristics for MDMO-PPV dissolved in chloroform and deposited on both in-

sulators and substrates. Channel dimensions are /), = 1.1 mm and L), =5 pm.

Insulator x; (Nm) no(x10' charges/cm?) Wy (<10 cm?/Vs) Vr(V) S(V/dec.) Tonorr HF (%)
p+-Si/ Si0, 296 + 12 29+0.1 50+0.5 -6.9+3.2 8+ 1 300 144+22
p+-Si/ SiO\N; 279 +20 3.6+08 11.0+26 -87+1.0 5+1 1800 22.7+3.5
ITO/SiON, 301+ 18 33402 55+2.0 -5.5+0.9 9+ 1 500 154+1.0

10° . . . : 800 2 — -
VDS =40V |ON L6 - 1 x =301Tnm; W, = 1.1mm; L .~ 1.5um
1073 .....---""' 7004w, =191x10%cm*V's™

S ~ 5V/decade

10° 4 s
g 9 —3 5\
- 10°4 L
—_— —2 >S
10-10_ ~

1

10" -pazamso ; ! . 0

0 -10 -20 -30 -40

VGS (V)

Figure 3. lllustration of the method for calculating mobility (),
threshold voltage (V), subthreshold swing (S) and current mo-
dulation (Ion/lopg)- This MDMO-PPV OTFT was fabricated on
p+-Si/SiOxNy (279 nm).

Table III shows that MDMO-PPV spun from
toluene TFTs are comparable to devices prepared with
chloroform. Although the highest mobility was
achieved using toluene on SiO,N,, we will focus on
our transistors processed with chloroform solvent.
Anyway, these results indicate that high performance
on SiO N, is independent on the polymer solvent.

Higher drain-to-source currents were achieved
for shorter channel lengths. Figure 4 shows the
Ipx Vg curve for MDMO-PPV TFT on glass with L ~
1.5 pm. Drain current is higher than 1 pA and Iy opr
> 104, but saturation region completely disappears.

The effect of changing dielectric thickness on
charge carrier mobility is presented in Figure 5. It
seems an optimal point exists and is close to 279 nm
for SiO,N, and higher than 527 nm for thermal SiO,.
Trendlines drawn in Figure 5 give us an idea about the
position of these maxima.

As shown in Figure 6, carrier mobility (1)
depends also on channel length (L) and is lower for
longer channels (L ~ 20 um) on p+-Si substrates. In
Figure 7, one can observe that similar trends were
obtained for the subthreshold swing (S). Increasing
channel length also means an increase on S.

The maximum density of traps can be estimat-
ed from S [18] through

Ntmpmﬂx = (Cz/9> (qS lOg g/kBT_ 1) (4)

where kp is Boltzmann’s constant, 7 is temper-
ature, and ¢ is the base of the natural logarithm.
Considering devices on 268 nm-thick SiO\N,,
Noyapma varies from (33.2 £ 9.9) to (5.9 £ 1.3) x 1012
cm2 when L changes from 17.5 to 7.3 pm. Ny, i
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Figure 4. Absence of saturation for short-channel MDMO-PPV
OTFT on ITO/SIOxN,,.

(1-1.5)x1012 cm2 on 94 nm-thick SiON, and
decreases from (8.7 + 1.2) to (3.4 + 0.6)x1012 cm2
when L goes from 19.8 to 3.9 um on 527 nm-thick
films. Note that in all cases Ny, is higher than N,
from our conventional MOS capacitors (see Table I).

Let us consider now p dependent on the over-
drive voltage (i.e. the difference between Vgand Vy)

through

n=k(Vgs— Vol (5)

where % contains information on film morphol-
ogy, being mainly related to the ease of intersite hop-
ping, and vy is linked to the broadness of an exponen-
tial distribution of states (DOS). The Variable-Range
Hopping model by Vissenberg and Matters [19]
explains this dependence as a consequence of the
diminution of the activation energy. According to this
model, holes (electrons) move in a distribution of
states on the HOMO (LUMO) level and contribute
to current flow only when they are excited to a so-
called transport energy level. At higher carrier con-
centration, the average starting energy is closer to the
transport energy, which reduces the activation energy
and therefore enhances mobility. The drain current in
saturation regime (1) becomes:

Ip=k/(y+2) (kegW/2xL) (Vgs— Vr)r+2 (6)

Applying the methodology for parameter
extraction from I, versus Vg curves partially exposed
above and presented in details in [20], we obtained
the results shown in Table IV. The same measure-
ments used for Table II were studied under a varying
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Table III. Summary of the main TFT parameters extracted from /px Vs characteristics for MDMO-PPV dissolved on both solvents and deposited on both
insulators. Channel dimensions are W), = 1.1 mm and L), = 10 um. Charge accumulated is (3.440.1) on SiO, and (10.3:kl.4)><10'2 cm? on SiO,N,.

Solvent Insulator x; (nm) 1, (<107 cm?/Vs) Vr(V) S (V/decade) Toworr HF (%)
chloroform p+-Si/SiO, 252+ 10 25+0.2 -52+1.9 8+ 1 1500 19.6 £3.0
toluene 22+03 91+14 14+1 100 94+1.4
chloroform p+-Si/SiONy 94+ 12 33+04 -21.0+ 3.8 4+1 1500 26.6 5.2
toluene 43+04 -19.1+1.0 5+1 5500 439+1.2
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Figure 6. Variation of py, with channel length for (a) SiO, and (b)
SiOxNy on p+-Si.

mobility. Mobilities calculated at V= Vg=—40V for
Ly, = 5 pm agree well to the ones presented in Table
I1, staying in the error interval. Both fitting methods
applied in saturation regime are shown together with
the experimental data in Figure 8.a. It is clear that
varying mobility fits much better for lower voltages (0

120

Ly (um)
Figure 7. Subthreshold slope vs. channel length for SiO, and
SiO4Ny on p+-Si.
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Figure8. MDMO-PPV TFTs on SiOyNy, with Wy = 1.1mm and Ly
=10 pm in saturation regime (Vpg = —40V). (a) Ip vs. Vgg exper-
imental data for p+-Si/SiOXNy (279nm) plotted with fitting for con-
stant p (method 1; py, = 1.28x104 cm2/Vs, V1 = —8.7 V), and gate
voltage-dependent p (traced line — method 2;y = 0.83, V1 =0V,
k = 5.39 x105cm?2/V1Ys, py, = 1.14x10"4cm2/Vs (b) Mobility
dependence on gate voltage for devices on p+-Si (squares), and
ITO (pyramids). TFT parameters from Table IV.

< | Vg <20 V). A plot of p, vs. Vg for TFTs on both
substrates is shown in Figure 8.b. It demonstrates that
hole mobility varies by at least one order of magnitude
in the chosen voltage operating range.
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Table IV. Summary of the main TFT parameters extracted from /px Vs characteristics for MDMO-PPV dissolved in chloroform and deposited on both

SiON, covered substrates. Channel dimensions are )y, = 1.1 mm and Ly, = 5 pm.
Substrate x; (nm) no(x10'? charges/cm?) k(<10 cm?/V's) y Wy * (<107 cm?/Vs) Vi (V)
p+-Si 279 + 20 3.6+0.8 4.0+2.0 0.9+0.1 9.5+£2.6 0.8+ 1.1
ITO 301 + 18 33+0.2 13.4+7.2 0.4+0.2 52+1.9 -0.9 + 0.8

* Values calculated at Vps = Vs =-40 V

Preliminary results from our group for
MDMO-PPV deposited on SiO, (274 nm) treated
with hexamethyldisilazane (HMDS) show an increase
in p, from 3 to 11x10-5 cm2/Vs for Ly, = 10 pm and
no = 3.2x1012 cm-2. TFTs with L), = 20 pm improve
from 2 to 7x10-5 cm2/Vs. Even if low parameter dis-
persion on a sample was observed, HF = 11 % and § =
9 V/decade are comparable to those of TFTs on bare-
Si0,. Substrates were previously treated with oxygen
plasma for 10 min at 100 W, 100 mTorr and 50 sccm.
The gas phase treatment was carried out via exposing
the SiO, substrates to HMDS vapors in an oven for 30
min at 110 °C. Contact angle (0) changes from < 5°
to 80°, i.e. surface hydrophobicity increases.

4. DISCUSSION

These results show that PECVD SiO N insula-
tor can substitute SiO, in bottom gate bottom contact
organic TFTs and can be used onto ITO-covered glass
substrate. As this oxide can be obtained at low depo-
sition temperatures with dielectric properties compa-
rable to thermal SiO,, it could also be deposited on a
wide range of substrates, including flexible plastic
ones. By further reducing its processing temperature,
we could also develop top gate devices.

As shown in Figure 2, leakage current through
gate and channel in addition to ambipolar behavior
seem to be responsible for deviations from the ideal
MOSEFET characteristics. Commonly present in poly-
meric TFTs, gate induced leakage currents and drain
current offset are discussed in [21, 22]. Bonfiglio et
al. have shown that differences of one order of mag-
nitude might appear in I between MDMO-PPV
transistors with common gate — as in our case — and
devices with patterned gate [23]. Differently from
inorganic monocrystalline counterparts, electrical
transport in polymeric semiconductors is inherently
anisotropic at the molecular scale as charges are delo-
calized within the conjugation length along the back-
bone of a polymer, being the rate-limiting step of
transport the interchain hopping of charges. In this
way, bulk phenomena as Poole-Frenkel effect could
imply a variation of the effective hole mobility with
the electric field through the transistor channel
(already shown in Figure 8.b). Another source of
deviation from the ideal characteristic plots, ambipolar
behavior was already demonstrated in MDMO-PPV
transistors [24, 25]. Accumulation-type FETs, Goetz
et al. have shown that sensors based on P3HT p-TFTs

Journal Integrated Circuits and Systems 2010; v.5/ n.2:116-124

present a positive threshold voltage of about 5 V.
Similarly to the majority of the devices herein, a clear-
ly conducting channel is already present at Vigg=0V
[22]. Nonetheless, our comparative study is valid as
we characterize in saturation for operating voltages
above —40 V and always use the same device structure
and metal electrodes.

A. Hysteresis

Lower back sweep current hysteresis is very
often attributed to charge carrier trapping close to the
channel and not mobile ions in the dielectric. It means
that higher N values are expected on the interface
polymer/dielectric of our OTFTs compared to the sil-
icon capacitors presented in Table 1. As HF is higher
than 10 % for almost all transistors presented herein,
this is a clear indication that surface treatments could
be responsible for further improvements on TFT
switching speed. Chua et al. [26] verified a 10%
increase of drain current for F8BT n-OTFTs, when
SiO, was treated with a self-assembled monolayer
(SAM) of octadecyl-trichlorosilane (OTS), responsi-
ble for the passivation of defects, impurities and SiOH
groups present in silica at the interface.

B. Charge carrier mobility

Hole mobility is at least two times higher for
PECVD silicon oxynitride on p+-Si substrate than for
thermally grown SiO,, probably due to the higher
dielectric constant (x = 4.5) and charge concentration
(ng) in the channel. Yoon et al. [27] performed a sim-
ilar comparative study on bilayer dielectrics calculating
n for a specific range of accumulated charge carriers,
(4-5)x1012 cm2. The importance of this parameter is
demonstrated in several charge transport studies for
PPV-based materials [2, 4, 28]. They show that cur-
rent is space charge limited (SCL) and p,, is not only
dependent on 7, but also on the electric field and
temperature. Accumulated charge is slightly higher for
devices on SiON,, what might explain the better
results. Anyway, in spite of the higher k and ng, the
same performance was not observed for OTFTs on
ITO-glass substrates. One can conclude that the same
semiconductor/dielectric interface quality is not
achieved on glass and trapped charge concentration
seems higher than that on silicon.

Carrier mobility values are similar to those
reported in the literature for MDMO-PPV TFTs, being
in agreement with results presented by Todescato et al.
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for wet cleaning of SiO, without hydrofluoric acid [29],
where ;, = 2.5x10-5 cm?/Vs, V= -8.7 V and Iy opr
= 130. MDMO-PPV was deposited from a chloroben-
zene solution on a bottom gate top contact structure for
L > 100 pm. No precise information about the bias for
mobility calculation was given. As in this work, their
OTFT characteristics showed high hysteresis. Our
results for silicon oxynitride as gate insulating are supe-
rior to previous results for MDMO-PPV from toluene
and chlorobenzene solutions by Geens et al. [9].

C. On-off modulation

The low on-off modulation observed is proba-
bly due to leakage current through the insulator and
residual carrier concentration in the channel when the
device is turned off. The channel resistance can be
minimized in principle by pursuing aggressive transis-
tor designs, e.g. by producing large W/ L. As one can
observe in Figure 4, using reduced channel length,
however, can be problematic because of non-ideal
electrical behavior arising from short-channel devices
[13]. Austin and Chou observed a similar phenome-
non for P3HT TFTs with nanometric source and
drain contacts obtained by nanoimprint lithography
[30]. Saturation begins to fade when channel is short-
ened from 1000 to 200 nm, and completely vanishes
at a length of 70 nm. They blame SCL currents due
to the high electric field between source and drain.

Series resistance effects become relatively more
important as the channel length goes to the submicron
scale, due to lower channel resistance and operation
voltages. More important, it can depend on the geome-
try of the contacts. In the staggered configuration
employed by Chua et al. [26], the contact area with the
semiconductor is larger and electric field lines favor
charge injection [31]. Higher mobilities as 5x104
cm?/Vs were achieved for MDMO-PPV deposited from
mixed xylenes on divinyltetramethylsiloxane-bis(benzo-
cyclobutene) hydroxyl-free insulator. Kayashima et al.
obtained p;, = 3.2x104 cm2/Vs for PPV thin films from
a water-soluble precursor polymer by drop casting under
high-gravity conditions on p+-Si substrate with OTS-
treated SiO, [32]. Nevertheless, the authors applied a
Vps of =100V and V as high as -80V.

D. Effects of dielectric thickness and channel
length on TFT performance

A solution to increase p, and Ion/opr is to
decrease insulator thickness (x;). Figure 5 demon-
strates that x; can not be reduced arbitrarily on p+-Si
substrates as probably higher tunneling currents are
attained and device performance is compromised.
Alternatively, according to (3), thicker insulators lead
to less charge accumulation in the channel impairing
performance. A reduction in 7 leads to an increase in
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the charge transport activation energy and so, a
decrease in transport states [19]. This leads to an
optimum value for a highest mobility. Obviously, the
lower thickness limit is set by the quality of the clean
room or the insulator deposition conditions.

As shown in Figure 6, p,, is lower for longer
channels on p+-Si substrates, what might be due to a
low horizontal electric field (E,, = Vpg/L) but also
working currents comparable to parasitic ones. A
Poole-Frenkel-like behavior is observed for almost all
thicknesses and a trendline was drawn for SiO N, in
Figure 6.b. It indicates the presence of traps usually
localized at the insulator/semiconductor interface or
in grain boundaries of polycrystalline semiconductors
[33]. The horizontal electric field is higher for short-
er channels, reducing the trap energetic barrier and
consequently, trapping time. Less dependence on L
for thinner insulators is probably due to a higher car-
rier accumulation, filling all traps at high voltages. The
low mobility values are probably due to leakage cur-
rents affecting calculation accuracy.

As shown in Figure 7, much steeper slopes can
be obtained by reducing the channel. The maximum
density of traps (Nyp,y) calculated from §is accept-
able and similar to the interval obtained by Yoon and
coworkers for high mobility p-type organic semicon-
ductors such as pentacene and o,w-dihexylcarbonyl-
quaterthiophene (DHCO-4T), i.e. (1-10)x1012 cm-2
[27]. Taking into account the previous discussion for
Figure 6, one can conclude that a decrease in S with L
is probably due to a Poole-Frenkel-like effect, as the
maximum density of traps seems lower for shorter
channels. Besides, the trend discussed in Figure 5 is
also observed here, as lowest slopes are observed for
devices on thickest thermal SiO, and nice results are
achieved for 279 nm-thick silicon oxynitride. The only
exception being 94 nm-thick SiO;N, as it shows the
lowest density of traps, in agreement to its invariance
with L presented in Figure 6.b.

E. Carrier mobility dependence on gate voltage

Apparently, the lower performance on ITO is
not related to a higher concentration of traps, as y is
lower for devices on glass substrates (see Table IV).
Secondly, V; calculated from the former model for p-
OTFTs is usually more negative if compared to values
estimated from more complete models. More impor-
tant, Vpmust approach zero, otherwise it is an indica-
tion of defects occurring at the polymer-oxide inter-
face, arising from charged defects in the oxide or the
polymer. Results obtained for different substrates are
comparable and close to zero. As already remarked by
Shaked et al. in [34], for voltages close to zero, there
are three main sources of error: (z) leakage current
through the insulator (in our case, less than 1 nA); (47)
residual carrier concentration in the channel when the

Journal Integrated Circuits and Systems 2010; v.5 / n.2:116-124



PECVD Silicon Oxynitride as Insulator for MDMO-PPV Thin-Film Transistors

Cavallari, Albertin, Santos, Ramos, Pereyra, Fonseca, & Andrade

device is turned off; and (72) films composed of two
or more phases with different DOS [34].

Figure 8.b shows that biasing the devices at
voltages higher than 40 V would attain higher hole
mobilities on SiON,. For Vg — V= 0 and conse-
quently lower charge concentration in the channel, a
higher similarity with charge transport studies in
diode-like structure is observed [4].

F. Dielectric surface treatment

A proper self-assembled monolayer or a poly-
meric buffer thin film must be applied prior to semi-
conductor deposition to improve performance at low
bias voltage. Todescato et al. demonstrate 1.0x10-3
cm?2/Vs hole mobilities and almost no hysteresis for
HMDS and poly(methyl methacrylate) (PMMA) sur-
face treatments [29]. Note that traps are not only due
to interface states but also to the intrinsic amorphous
morphology of polymeric semiconductors. Better re-
sults can be achieved with band-like transport such as
in mono- and polycrystalline semiconductors, as hys-
teresis is also due to majority carrier trapping [35]. In
our devices, we believe that the best performance will
be achieved for 6 > 90° on HMDS-treated SiON,.

Surface treatments can be applied also for the
production of n-OTFTs, as electron conduction in
PPV is strongly reduced by the presence of traps [28,
36]. The choice of the proper material could imply in
ambipolar transistors and even high performance n-
type OTFTs [24], allowing the fabrication of organic
CMOS and inverters. Further increase in current
modulation can be achieved by patterning the semi-
conducting layer for reducing undesired currents
through the bulk and insulator [21].

5. CONCLUSION

These results demonstrate that SiO.N; can
replace SiO, in OTFTs and could be used on ITO-
covered glass or even flexible plastic substrates, since
they can be obtained at low deposition temperatures.
Charge carrier mobility was at least two times higher
for PECVD silicon oxynitride on p+-Si substrate than
for silicon dioxide, probably due to the higher dielec-
tric constant and accumulated charge concentration in
the channel. MDMO-PPV deposited from either a
chloroform or toluene solution could integrate LEDs
for AMOLED displays, but also logic circuits due to
the ambipolar behavior of this polymer.

For future studies employing high mobility
semiconductors (n > 0.01 cm2/Vs), contact resistance
should be considered by choosing a more adequate
model. Degradation of OTFT parameters with time,
temperature and electric field requires a careful look.
Characteristics of the TFTs used in backplanes must
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be reliably predictable. Obtaining lower carrier con-
centrations in the channel but at the same time attain-
ing high currents for controlling a LED can be
achieved through a proper surface treatment.

The next step would be gate and semiconductor
patterning to reduce undesirable currents tenfold.
HMDS-treated SiON; might probably increase by one
order of magnitude the current modulation, increasing
reproducibility and reducing hysteresis to almost zero.
That way, we predict that competitive OTFTs on silicon
oxynitride could soon be commercialized.
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