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We present a novel integration process of all organic Thin Film Transistor (TFTs) and its electrical characterization. The test circuit is
designed to drive an active matrix of organic light emitting diode (AMOLED). The process is performed in both plastic (Polyethylene
naphthalene, PEN) and glass substrates. The basic circuit is formed by two pentacene-based transistors and a capacitor. All of these devices
use parylene as dielectric. As a result of the electrical characterization, we show that this circuit can deliver up to 40µA. This current level
is appropriate if we consider that the minimum required current to obtain 200 cd/m2 from a typical OLED is of 10µA.

Keywords: Flexible electronic; OTFT; Parylene; Pentacene; AMOLED.

Presentamos una nueva forma de integración y caracterización eĺectrica de TFTs completamente orgánico. El circuito de prueba está disẽnado
para controlar una matriz activa de diodos emisores de luz orgánicos. El proceso es desarrollado tanto en substratos de plástico (Polyethylene
naphthalene, PEN) como en substratos de vidrio. El circuito básico consiste de 2 transistores de pentaceno y un capacitor. En estos
dispositivos empleamos perileno como dieléctrico. Como resultado del proceso de caracterización eĺectrica, reportamos que nuestro circuito
puede proveer a cada OLED hasta 40µA. Este nivel de corriente es apropiado considerando que la corriente mı́nima requerida para lograr
200 cd/m2 en un OLED es de 10µA.

Descriptores:Electŕonica flexible; OTFT; Perileno; Pentaceno; AMOLED.

PACS: 72.80.Le, 81.05.Fb, 84.30.-r, 85.30.Tv, 85.40.- e

1. Introduction

TFTs, formed by nanometric films of semiconductor and di-
electric materials, are the most used devices to drive the cur-
rent supplied to pixels of panel displays due to its good elec-
trical performance and high scale of integration. Currently,
most of the driver circuits are formed by amorphous silicon
based TFTs. Alternatively, recent investigations on novel
materials have shown that electronic devices can be fabri-
cated on flexible substrates. Therefore, flexible electronics is
developed for applications such as large area sensors, flexible
solar cells and displays [1-3]. Low cost process, large area
implementation, and potentially low power consumption are
some of the attractive properties of flexible electronics. How-
ever, the performance of the devices integrated into a flexible
substrate is dependent on the compatibility of the materials
process during the fabrication. In order to achieve a good
performance on the integration of several devices, fabrica-
tion processes are realized with organic and inorganic mate-
rials. Here, we show the development of all-organic circuits
with materials and processes compatible with an OLED, that

FIGURE 1. Flexible substrate with the all organic active matrix
displays, transistor and capacitor.
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FIGURE 2. Active pixel circuit diagram. Transistor and capacitor
all organic based to drive an OLED.

FIGURE 3. Driver OTFT cross-section with respectively layers.
Selection OTFT are not shown.

FIGURE 4. Selection OTFT electrical characteristics. (a)IDS −
VGS and (b)IDS − VDS .

FIGURE 5. Driver OTFT electrical characteristics. (a)IDS − VGS

and (b)IDS − VDS .

it was previously reported in Ref. 4, and a flexible PEN sub-
strate. Each circuit has the capability to supply the required
current to turn a matrix of OLEDs on.

All the processes were carried out at temperatures lower
than 80◦C. The circuit is based on a conventional 2 OTFTs
(pentacene) configuration, with a capacitor to store the charge
for the driver OTFT. The OTFTs are fabricated using a pro-
cess previously reported [5-7]. In Fig. 1 we illustrate a PEN
substrate containing the fabricated circuits.

2. Fabrication process

The basic pixel circuit design used for the active matrix is
shown in Fig. 2. A pulse is sent to the selection OTFT to
active the pixel. The driver OTFT uses the voltage provided
by the data line to supply the current to turns the OLED on.
Charge stored in the capacitor allows a stable current supply
to the OLED while the selection OTFT is off. This allows
the circuit to be active. The OLED used in this work requires
1 mA/cm2 to provide a brightness of about 200 cd/m2 [4].
This corresponds to a current of about 10µA for each in-
dividual OLED. Each OLED has a dimension of 1×1 mm.
From the above calculations we estimated the width (W ) and
length (L) of both the driver and selection transistors as well
as the required capacitor to fulfill the time response required
to get an active pixel. TheW/L dimensions of the transis-
tors are 1500/5µm and 350/5µm for the driver and selection
OTFT, respectively.

Figure 2 shows the integration process for the active
pixel. We start with either glass or PEN substrates covered
with 150 nm of ITO. The ITO is then patterned and wet
etched to define the OLED anode contact as shown in the
Fig. 3a. Next, 10 nm of chrome (Cr) and 100 nm of gold
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(Au) are deposited and patterned to define the bottom capac-
itor contact and the OTFT gate (Fig 3b). Figure 3c shows the
gate dielectric deposition of 150 nm of parylene using chem-
ical vapor deposition (CVD).

The dielectric is then patterned and etched using Reactive
Ion Etching (RIE). 100 nm of Au are deposited by e-beam for
the source-drain contacts and then patterned and etched as
show Fig. 3d. 150 nm of organic semiconductor, pentacene
is thermally deposited followed by 300 nm of parylene as en-
capsulation. Both films are then patterned and etched using
RIE (Fig. 3e). Another 300 nm film of parylene is deposited
to encapsulate all the devices and lines before the OLED de-
position as shown in Fig. 3f. This layer is then patterned and
etched by RIE to open the anode contact (ITO). Finally, the
OLED is deposited as described in the process reported in
Ref. 4.

3. Results and discussions

Previously reported pentacene based TFTs show that their
electrical behaviour is that of p-type devices. This is also
observed with the resulting TFTs. The electrical response of
the fully integrateddevices is shown in Fig. 4 and 5. Fig-
ure 4a shows the typicalIDS − VGS for the selection TFT.
Figure 4b shows theIDS − VDS curve family, where drain–
source voltage (VDS) is swept from 0 V to -20 V for differ-

ent gate voltages (VGS). As it was expected, good transistor
characteristics are observed.

Figure 5a and 5b show theIDS−VGS and theIDS−VDS

(curve family), respectively for the driver OTFT which shows
enough current to supply the OLED. AtVGS of -10 V
the driver OTFT provides about 10µA, current required to
achieve a brigthness of 200 cd/m2. From these results we ex-
tracted the average hole mobility (µsat) of 0.04 cm2/V-s and
a threshold voltage (VT ) of -2V by fitting the linear region
of experimental data in these plots according to the following
equation [8].

I
1/2
D =

(
CiWµsat

2L

)1/2

(VG − VT ). (1)

4. Conclusions

We demonstrated an integration process for an AMOLED
compatible with flexible substrates. Both driver and selec-
tion transistors showed excellent characteristics. All pro-
cesses are carried out at temperatures lower than 80◦C. The
operation and performance analyses of the circuit show that
this integration can deliver more than 4 times (40µA) the re-
quired current (10µA) to drive an OLED at a brightness of
200 cd/m2.
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