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ABSTRACT

In this thesis, three different designs of transimpedance amplifiers (TIA)
topology design are proposed for pre-amplification stage of optical receivers for
different channel lengths (45 nm, 90 nm, 130 nm) operating at (1.0 Volt) supply
voltage. A comprehensive analysis of each circuit is presented separately with the
aim of improving and developing the TIA amplifiers in general and obtaining the
least reduction in power consumption and the noise current indicated by the input
in particular. To design TIAs with the required characteristics, mathematical
equations were used to describe the TIA operation and determine the optimal
balance between gain, bandwidth, input noise, power consumption and supply
voltage and verify the overall system behavior and theoretical expressions using
simulation software (LTspice XVII 17.1). The three proposed circuits consist of
two fundamentally different stages. In the first stage, the following techniques
were used: Feedforward for the first circuit, Regulated Cascode for the second
circuit, and Shunt-Shunt Feedback for the third circuit. As for the second stage, it
was installed for the three circuits using a Common Gate-Common Source (CG-
CS) configuration. This work has successfully improved the performance of
optical receivers, including transimpedance amplifiers, as the proposed structures
have proven effective in reducing power consumption and input referred noise
current, especially as the channel length increases. Compared to the first and third
circuits, the second circuit has showed superior performance among the three
circuits in terms of power consumption of (0.173 mW) followed by the input
referred noise current of (10.60 pA/+/Hz) at a channel length of (130 nm), while
the highest bandwidth was (1.80 GHz) at a channel length of (45 nm) for the same
circuit, followed by the first circuit with low power consumption (0.175 mW) with
the best result of input referred noise reduction (9.40 pA/vHz) and the highest
gain of (47.94 dBQ) at a channel length of (130 nm) respectively compared to the
other two circuits. Finally, the third circuit has showed different results from the

first and second circuits, as it is characterized by a somewhat higher power

11



consumption than the first and second circuits and a higher input referred noise
current, while the TIA gain is close to the gain of the second circuit for the three

scales (45 nm, 90 nm, 130 nm).
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