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Organic thin transistors (OTFTs) on indium tin oxide glass substrates are prepared with polymethyl-methacrylate-
co-glyciclyl-methacrylate (PMMA-GMA) as the gate insulator layer and copper phthalocyanine as the organic
semiconductor layer. By controlling the thickness, the average roughness of surface is reduced and the OTFT
performance is improved with leak current decreasing to 10~'' A and on/off ratio of 10*. Under the condition
of drain-source voltage —20 V, a threshold voltage of —3.5V is obtained. The experimental results show that
PMMA-GMA is a promising insulator material with a dielectric constant in a range of 3.9-5.0.

PACS: 85.30.Tv, 81.15. Ef

Organic thin film transistors (OTFTs) have been
extensively studied because of their advantages such
as low cost process, large-scaled product, room-
temperature manufacturing and compatibility with
flexible substrate.!*2 They have been applied in dis-
play products, identification tags, and sensors.3~%
However, there are still some fatal issues, such as low
mobility, high leakage current and high driving volt-
age, that restrict applications of OTFTs. As is known,
the electrical characteristics of OTFT devices depend
on the material characteristics of the semiconductor
and gate insulator layers.[®) A perfect gate dielectric
material should have the properties of high dielectric
constant, resistivity and well interface quality.[”]

Silicon dioxide SiO9 and silicon nitride SizNy4 ob-
tained by ion-beam deposition and chemical vapour
deposition are two kinds of inorganic insulator mate-
rials usually used in electronic device. Recently they
are being replaced by organic materials in the fabrica-
tion of OTFTs, such as polyvinyl alcohol, polyimide,
polyvinyl phenol, and polyvinyl carbonate, which gen-
erally possess high dielectric constant and high dielec-
tric strength. 89

We use polymethyl-methacrylate-co-glyciclyl-
methacrylate (PMMA-GMA) deposited by the
method of spin-coating as the gate insulator of
OTFTs, and copper phthalocyanine (CuPc) as the
active layer obtained by thermal deposition. Source
and drain electrodes are MoOs and Al films. This
fabrication process simplifies the techniques and opti-
mizes the performances of OTFTs significantly.

The cross-section view of OTFT with top contact
structure is shown in Fig. 1, which has demonstrated

better device performance.!® The indium tin oxide
(ITO) coated glass was used as the device substrate.
Firstly, ITO as the gate electrode was formed by pho-
tolithography, and the substrates were successively
processed by sonicleaning with acetone and ethyl al-
cohol, soaked in dry air. Subsequently PMMA-GMA
with an average molecular weight of 115500 g/mol was
dissolved in butyl acetate to obtain the gate insula-
tor film. The PMMA-GMA solutions with different
concentrations (2, 2.5 and 3wt%) were prepared by
sonication for 30 min at room temperature in order to
obtain the good dispersion. Butyl acetate is a good
solvent for PMMA-GMA, which results in a homoge-
neous solution, easily utilized for spin-coating at room
temperature. The gate insulator PMMA-GMA film
was deposited on the surface of ITO by spin-coating.
The spin-coating speeds and time was controlled by
two steps: 300rpm for 6s and 4000 rpm for 60s. The
gate dielectric was cross-linked by baking at 120°C for
3 h under ambient conditions and then well solidified.
The reaction equation is shown in the following re-
lation. Actual dielectric film thicknesses were about
500 nm, 760 nm and 1000 nm measured by a profilome-
ter (DEKTAK 6 M, made in U.S.A). However, the film
would be dissolved when the ITO substrate with the
cross-linked polymer film was put in acetone or N-
methyl pyrrolidone.
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Azo-bis-isobutryonitrile acts as the activator. The
n/m ratio in the above equation is about 10. The
cross-linked dielectrics will have radicals left behind,
but this effect is not very evident. The devices stored
in air 72 h exhibited a similar performance as the fresh
one.

Al(S) Al(D)

MoOs

CuPc

PMMA-GMA

BN 1o

Glass substrate

Fig.1. Schematic device structure of organic thin film
transistors.

Organic semiconductor CuPc was thermally evap-
orated onto the PMMA-GMA surface to the thick-
ness of 500 A at the rate of 0.8 A/s. The deposition
rate and final film thickness were controlled and tested
by a quartz microbalance. The surface morphology
of the layers were described by an SPA-400 atomic
force microscope (AFM, Seiko, made in Japan) in non-
contact mode. Finally MoOg (about 10nm) layers
and Al (about 120nm) layers, which worked as the
source-drain contacts, were thermally deposited onto
the surface of the CuPc layer through a shadow mask.
The configuration of channel length and width of the
OTFTs were 400 pm and 1000 pm, respectively. All
the deposition processes were carried out under the
condition of 3 x 10~* Torr.

The characteristics of the fabricated OTFTs were
measured by Keithley Source Meters (Keithley 2400).
To investigate the permittivity of PMMA-GMA film,
the capacitance structure of ITO/PMMA-GMA /Al
was fabricated under the same condition and inves-
tigated by a smart impedance-capacitance-resistance
analyser (ZL-5 model, made in Shanghai, China). The
test frequency varied from 10Hz to 10* Hz at 1 V. All
the measurements were carried out at room tempera-
ture under ambient conditions.

The breakdown characteristics of the PMMA-
GMA were determined on ITO/PMMA-GMA /Al ca-
pacitor with an area of 2 x 2mm?. The curve about
dielectric constant of PMMA-GMA capacitor under ac
electric fields with the frequency varying from 10 Hz
to 10*Hz is given in Fig.2. The value of dielec-
tric constant ranges from 3.9 to 5.0 at overall fre-

quency change. [-V characteristic was also measured
by changing the voltage from 0V to 100V and dielec-
tric breakdown happened at 94 V. Thus the dielectric
strength of 854kV/mm was obtained from the calcu-
lation of the above data (see Fig. 3).
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Fig. 3. Breakdown of ITO/PMMAGMA /Al structure ca-
pacitor.

Low dielectric surface roughness is an important
demand for obtaining high charge carrier mobility in
OTFTs.Bl A smooth uniform PMMA-GMA surface
(500nm) image was observed by AFM before CuPc
deposition, as shown in Fig.4. The cross-linking re-
action increases the surface roughness lightly, because
the average surface roughness of PMMA-GMA film
increases from 3.4 A to 3.8 A before and after it (see
Figs. 4(a) and 4(b)). The CuPc film deposited on the
surface of PMMA-GMA was measured by the same
way and it has a surface roughness of 4.0 A, as shown
in Fig. 4(c).

Figure 5 shows the drain-source current I s as a
function of the drain-source voltage Vs with different
insulator thicknesses (500nm, 760 nm and 1000 nm).
At low Vs, it is observed that I;s increases linearly
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Fig. 4. AFM images of the PMMA-GMA layer (500 nm) surface and CuPc film (50 nm), i.e. 5 pum X 5pum AFM images of
the PMMA-GMA layer before (a) and after (b) cross-linking reaction, (¢) 1 um X 1 pm AFM image of the CuPc film grown

on the gate insulator layer (C).

0.08 0.12
0.04 { (@) Vos=—25 Y () Vos=—25V
0.06
= gs=—20V 0.08 1 Vya=—20V
3
L 002 0.04 15
T 0.04 e
X 0.02 Ve 10V
o ------- v Vogs—5HV
0.00 : : : 1 0.00 0.00 S
0 5 0 15 20 0 0 5 10 15 20 25 30

—Vis (V)

Fig. 5. Output characteristics of the OTFT with varying thicknesses of PMMA-GMA layer from 1000 nm (a), 760 nm (b)

and 500nm (c).

with Vg (in linear region). As Vs becomes increas-
ingly negative, I, tends to be saturated (saturation
region) due to the pinch-off of the accumulation, which
is described by the following equation:

W,
Iy =
d oL

(Vgs = V)%, 2)
where 1 is the field effect mobility, W is the chan-
nel width, L is the channel length, and C; is the ca-
pacitance per unit area of the insulating layer, and
Vr is the threshold voltage. The results indicates
that the channel currents in the saturation region (at
Vgs = —25V) increases as the thickness of insula-
tor layer decreases from 1000 nm to 500 nm. For the
OTFT with the 500nm PMMA-GMA layer, the field-
effect mobility u = 3.1 x 1072cm?/Vs can be calcu-
lated from the data in saturation region (Vzs = —20V
and Vys = —25V). When Vy, is =20V, the maximum
operating frequency 0.62 MHz can be obtained by

~ N’Vds
fmax - 27TL2 . (3)
Here Vi can be obtained from Fig.6. characteristics
of Iz, and (Ids)l/2 versus Vg, for CuPc OTFT with
PMMA-GMA dielectric gate insulator at Vy, = —20V
are shown in Fig. 6. The on/off ratio is about 10* and

the threshold voltage is —3.5V. The threshold volt-
age is related with the thickness of the gate insulator,
interface charge and charge in the gate insulator. It
has a linear relationship with the thickness if there is
no bulk charge in the gate insulator.'’:'? The thresh-
old voltage —3.5V can be obtained by decreasing the
gate insulator thickness varying to 500 nm. Compared
with other polymer dielectric CuPc OTFT, the elec-
tronic properties such as mobility and on/off ratio of
the OTFT device with PMMA-GMA gate insulator
have been improved.[!3:14]
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Fig. 6. Electrical transfer characteristics of OTFT with
the PMMA-GMA gate insulator.
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In summary, we have investigated the electric char-
acteristics of CuPc TFTs based on the polymeric
gate insulator PMMA-GMA film, which has low sur-
face roughness and high dielectric strength, fabri-
cated through cross-linking reaction at 120°C. The
TFTs also exhibit low threshold voltage and reduce
the leakage current. Estimated from the saturation
current, the field-effect hole mobility is about 3.1 x
1072cm?/Vs. Thus the polymeric material PMMA-
GMA has a potential application value in the fabrica-
tion of OTFTs.
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