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Abstract

Organic field-effect transistors (OFETS) based on solution-
processible polymeric as well as smal molecular
semiconductors have been improved in their performance
during recent years. This article presents novel organic field-
effect transistors developed by using various organic dielectrics
and biomolecules such as deoxyrebonucleic acid (DNA).
Ambipolar charge transport in organic field-effect transistors
using polyvinyl acohol (PVA) have also been discssed. Cqg
based high mobility OFETs and its applications to integrated
circuits is also reviewed. The interface of the organic
semiconductor and organic dielectric insulator influences the
device performance and stability.

1.  Introduction

Organic thin-film electronics has developed to a promising
technology in the last decade with prototypes of organic
integrated circuits for radio frequency identification tags
(RFID-tags) [1, 2] and thin-film transistor (TFT) arrays for
active matrix displays [3]. Organic field-effect transistors
(OFETS) have aso been fabricated in arrays to drive electro-
phoretic display pixels [4]. To date Bell Labs succeeded making
organic integrated circuits with as many as 1888 transistors
using vacuum evaporation techniques [2]. Using the same
techniques, Infinion Technology has  similar results on
integrated circuits on specia papers [5]. Polymer Vision,
Philips Research Laboratory came up with flexible 4.7-inch
QVGA active matrix display containing 76,800 organic
transistors [6]. As the number of transistors per circuit increases
there is an increasing need for circuits characterized by low
power dissipation, high noise margin, and greater operation
stability. The performance of the individua transistor limits the
switching speed in an integrated circuit, which can be roughly
estimated by the ratio of mobility and channel length of the
transistor [3]. To aobtain higher switching speed, the search for
higher mobility materials is therefore important along with the
effort to downscale the transistor geometry. Current benchmark
for high mobility materials among various organic
semiconductors are pentacene [7] and fullerenes (for both p~ 6
cm?Vs) [8, 9] for p-type and n-type, respectively.

Organic field-effect transistors have been fabricated with
various device geometries as depicted inFigure 1a--d.
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Figure 1. Schematic of the bottom-gate organic field-effect
transistors (OFETS) with (a) top contact (b) bottom contact
structures. Schematic diagram of a (c¢) top-gate/bottom
contact OFETs using a standard TFT device structures and
(d) top-gate /top contact is also shown.

The most commonly used device geometry is bottom gate with
top contact partly because of borrowing the concept of thin-film
silicon transistor (TFT) using thermally grown Si/SiO, oxide as
gate dielectric. Due to the advantage of having commercially
available high qudity Si/SIO, substrate, it has dominated the
whole community. Recently it has been shown that organic
dielectrics are aso promising for high performance OFETs [10-
19]. Organic dielectrics (i) can be solution-processed, (ii)
provide smooth films on transparent glass and plastic substrates,
(iii) are suitable for opto-electronics like photo-responsive
OFETs due to their high optical transparency, (iv) can be
thermally stable up to 200 °C with a relatively small thermal
expansion coefficient, and (v) can posses arather high dielectric
constant up to 18. The physics of organic dielectrics is a well
developed branch of science and technology and will not be
further discussed here. We simply display the chemical
structures of commonly used organic dielectrics (Figure 2)

We present here an overview of OFETS using various organic
dielectrics and bio-molecules such as deoxyribonucleic acid

(DNA). High performance basic circuit element using high
mobility C60 OFETSs have also discussed.
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Figure 2: Chemical structure of some commonly used
organic dielectric. PVP: Poly(4-vinyl phenol); PS:
Polystyrene; PMMA: polymethyl-methacrylate PVA:
polyvinyl alcohol; PVC: polyvinylchloride; PVDF:
polyvinylidenfluoride; PaMS: poly[o-methylstyrene],
CY EPL :cyano-ethylpullulan and BCB:
divinyltetramethyl disiloxanebis(benzocycl obutene) Pl (po
ly-imid), DNA (Deoxyribonucleic acid).

2. Results and Discussion:

2.1. (a) BioOrganic Field-Effect Transistors
(BIOFETY

The DNA used for this research was purified DNA provided by
the Chitose Institute of Science and Technology (CIST) [20-
21]. It was marine-based, first isolated from frozen salmon milt
and roe sacs through a homogenization process. It then went
through an enzymatic treatment to degrade the proteins by
protease. We found, however, that the purified DNA was
soluble only in water, so not compatible with typically
fabrication processes used for polymer based devices. We aso
observed many particulates in the DNA films. Therefore, we
performed additional processing to render DNA more suitable
for device fabrication with better film quality. This processing
was accomplished by precipitating the purified DNA in water
with a cationic surfactant complex,
hexadecyltrimethylammmonium chloride (CTMA), by an ion
exchange reaction [22-24].

Typical output characteristics of the BIOFET device we
fabricated are ploted in Fig. 3(a). As can be seen, the BiOFET,
with a 200 nm thick film of DNA-CTMA and a pentacene
semiconductor, was able to modulate the drain current over
three orders of magnitude using gate voltages of lessthan 10 V.
Fig. 3(b) is a plot of the transfer characteristics for the linear
and saturated drain voltage. Pronounced hysteresis in the
transfer characteristics can be observed in these devices, as
indicated by the direction of arrows in Fig. 3(b). The channel
length (L = ~20 pum) and width (W = ~1.5 mm), were used,
along with the capacitance (Ci = 1.15 nF/cm?), to extract a
saturated regime mobility of 0.05 cm? /Vs in our device, using
the standard transistor equation,
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Figure: 3 (a) BIOFET output characteristics; drain current,
l4s VS. versus drain voltage, Vgs for different gate voltages,
Vg (b) Transfer characteristics; | 45vs Vg for drain voltages,
Vg=1, 2and 4 V. [25]

in which there is no correction for contact resistances. We
determined the linear mobility to be 102 cm?Vs. As shown in
the transfer characteristics, a sizable hysteresis exists,
presumably due to the motion of ionic charges present in the
DNA-based biopolymer a the gate insulator/organic
semiconductor interface.

2.2. (b) Ambipolar Organic Field Effect
Transistors (AOFETS)

Surface energy of a chosen dielectric plays an important role in
the orientation and packing of the organic semiconductors on
top of it. Figure 4 shows that organic semiconductor
pentacene, can be ambipolar on polyvinylalchohol as dielectrics
[26]. If the standard Si/SiO, dielectric gate transistor geometry
is used, normally pentacene will only give p-type OFET
operation. This demonstrates that using organic dielectrics like
PVA can have fundamental influence on the character of the
OFETs.
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Figure 4 Transistor transfer characteristics of ambipolar
pentacene OFETSs using polyvinyl acohol gate dielectric for
which pentacene was deposted a different elevated
temperatures showing both electron-enhanced mode as well as
hole-enhanced mode.

2.3. (¢) Ring Ocillatorsusing Ceo OFETSs

Depending on the elevated substrate temperature Cgo films
grown by hot wall epitaxy can have striking film morphology as
shown in Figure 5 can give charge carrier mobility ranging
from 0.6 to 6 cm2/Vs [8,9]. Since Cg4, exhibit high eectron
mobility, various types of Cg, based unipolar inverters have
been fabricated in author’s laboratory. It also provides the
possibility of integrating a number of such inverters for the
construction of integrated complementary-like ring oscillators
(see Figure 6). This was achieved by connecting an odd number
of invertersin series and providing a feedback from the output
of the last inverter to the input of the first, by borrowing the
concept from literature [27]. A schematic representation of the
circuit is shown Figure 6 a-b. The output characteristic of the
oscillator circuit is shown in Figure6c. Oscillating frequency as
high as 30 KHz can be obtained from these ring oscillators.
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Figure 5: AFM topography images of (&) 5 nm Cg, film
grown on BCB substrates grown at 25 'C (b) 5 nm Cg,
film grown on BCB substrates with elevated substrate at
250 C.
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Figure 6 (8) shows the scheme of the unipolar inverter circuit
using Cg, OFETSs (b) Shows the schematic circuit of a ring-
oscillator consisted of seven inverters. (c) Oscillating signal
measured at the output of the ring oscillator.
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