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Amplifier Circuits for Biosensor Applications

The research work described in this thesis is aimed at developing an amplifier circu
it component based on organic/printed electronics for wearable electrochemical sensor
applications. The work presented in this thesis is a necessary step towards realizing
next—generation wearable devices that are ultra—thin, lightweight, flexible, as well
as low-cost. Moreover, the work reported in this thesis is quite significant to allow
wearable devices to get the following features: mechanical flexibility for minimizing
discomfort of worn, ease of customization for individuals, and low-cost for disposable
use. These benefits are expected to play an important role in wearable devices and in
ternet of things (IoT) applications in the near future.

In order to fabricate an analog amplifier circuit system employing printed organic t
hin—film transistors (OIFTs) for electrochemical sensing, to begin with, the work pres
ented in this thesis focuses on two general problems of printed OTFTs: reduction of op
eration voltage (< 5) and improvement of device performance uniformity, in particular,

threshold voltage. In this thesis, the problems above are addressed, then the develop

ment of the printed organic amplifier circuit systems are presented. This thesis consi
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sts of the following chapters:

The chapter 1 describes the research background, purpose, and thesis outline.

The chapter 2 describes the demonstiration of the printed high-performance OTFTs and
circuits enabled by using a blend of dithienol2, 3-d;2", 3 -d" lbenzoll, 2-b;4, 5-b" Jdithi
ophene (DIBDT-Cy) and polystyrene (PS) for the organic semiconducting laver.

The chapter 3 presents and discusses how to improve the uniformity of the OTFT devic
e performance and how to realize the ultralow voltage operation of the OTFT devices. H
ere, printed organic inverter circuits that operate at 0.5 V with negligible hysteresi
5, a gain of greater than 10, and rail-to—rail input and output operaticn were demonst
rated,

The chapter 4 describes the development of the printed organic amplifier system for
potentiometric electrochemical sensing. A novel potentiometric electrochemical sensin
g system comprised of a potassium ion (K sensor and amplifier circuits employing OTF
T-based pseudo-CMOS inverters was demonstrated.

The chapter b describes the development of the printed organic transimpedance amplif
ier system for amperometric electrochemical sensing. A novel flexible and printed circ
uit system consisting of an enzyme—based amperometric sensor, feedback control and amp
lification circuits based on organic thin—film transistors was demonstrated.

The chapter 6 summarizes the achievements reported in this thesis and highlights the

future research work that should be done for realization of the printed organic weara

ble biosensor devices as well as for advancement of organic/printed electronics.
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