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Introduction

In this project, active components are successfully fabricated for wearable electronics

using macrocyclic compounds such as phthalocyanines.

Phthalocyanines offer 16 substitution sites on the benzenoid rings + axial ligation sites at
the central metal or metalloid. Substituents confer solubility  eg —SO3H on ring for
water solubility and aliphatic chains for organic solvent solubility and introduce new
properties or ‘tune’ usual properties of the ring system. Solubility in organic solvents
allows film deposition by (i) Spin coating, (ii) Langmuir Blodgett method and (iii)
Self assembly to form SAMs.

Project Achievament

An n-doped silicon (100) wafer of resistivity 0.005 Qcm covered with 250 nm thick

thermally grown oxide film was used as a substrate. The capacitance C, of silicon

dioxide (SiO,) which acts as the gate dielectric was estimated to belOnFcm™. Two
finger shaped gold (50nmthick)/Ti (10nmthick) layers were prepared as source and
drain electrodes using photolithographic and sputtering techniques. The native oxide
layer was removed from the reverse side of the Si wafer and a layer of Ga-In eutectic was
then applied in order to form an Ohmic gate terminal. The fabrication of the bottom gated
field effect transistors used for measurements was completed by depositing a150 nmthick
layer of 2,9(10),16(17),23(24)-(13,17-dioxanonacosane-15-hydroxy)phthalocyaninato
zinc(Il) (ZnPcRy) [Figure 1]. The deposition took place at room temperature by spinning
a small volume of the spreading solution of ZnPcR; in chloroform of
5mgml ™ concentration at 2000 rpm for 30s. The transistors were fabricated with

different channel lengths ranging from L=1um to L=15xm and the channel width W of

all structures waslmm. AIll procedure of the device fabrications and electrical



measurements of device characteristics were performed in air using a Keithley 93 I-V
system.

A set of reproducible, hysteresis-free output characteristics are shown in Figure 2 for both
as-prepared and annealed RigLuPc; field-effect transistors in terms of the drain-to-source

current I, as a function of the drain-to-source voltage V4 for different values of the
gate voltage V. (0V<V, <-50V). The output characteristics were typical of

behaviour of a p-type OFETSs operating in an accumulation mode.. The conductance of
the annealed devices was found to be greater than that of as deposited devices.
The graphs in Figure 3 was fitted to the well known quadratic equation describing the

transistor behaviour in the saturation regime:
w
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Values of the field effect mobility x g, in the saturated regime and threshold

voltages V; were estimated from the slope and the intercept at I,,=0of the linear

graphs, respectively. Values of the on/off current modulation ratio were estimated from
the transfer characteristics in terms of the dependence of drain current on the gate
voltage at the fixed drain-source voltage.

The maximum density-of-states (trap density) present at the active semiconductor

((ZnPcRy) and gate dielectrics (SiO,) interface have been calculated using the equation;

Slog(e) 1 C; )

(7a) |°

where S is the sub-threshold voltage swing, k the Boltzmann constant, T the operating

t =

temperature, g the electronic charge and C; the capacitance per unit area of gate
dielectrics. Calculations were performed for the transistors using as-prepared and
annealed (ZnPcRy) active layers and the results of the calculations were summarised in
Table 1.



In summary, phthalocyanine molecules can be solution processed on silicon substrates or
flexible substrates, providing economic benefits for roll- to-roll plastic substrate-based

devices.

Zn

Figure 1. Structure of Zn(l1) phthalocyanine derivative.



Figure 2 Transistor characteristics for at different gate voltages



Figure 3: Plot of transistor conductance against thedrain volage for different gate voltages



Table 1. Summary of transistor parameters measured for as-prepared and annealed devices.

(ZnPcRy)

ransist Mobility (] On/off | Threshold| Sub-threshold Interface trap| Grain-boundary
ransistors 1 em?vs current | Voltage, |Voltage, Density, trap density,
ratio  [(V7)V |(V/decade) | (cm™) (cm.,)
As-prepared| 18x 10° | ~10° | -26 3.81 1.06x10™ 1.24 x 10*
Annealed | 34.0x10° ~10° | -12 1.64 1.01 x10% 7.62 x 10"
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