
Contents lists available at ScienceDirect

Microelectronics Reliability

journal homepage: www.elsevier.com/locate/microrel

Fully-differential transimpedance amplifier for reliable wireless
communications

Guillermo Royo⁎, Carlos Sánchez-Azqueta, Antonio D. Martínez-Pérez, Concepción Aldea,
Santiago Celma
Department of Electronic Engineering and Communications, Aragon Institute of Engineering Research, Universidad de Zaragoza, Zaragoza 50018, Spain

A R T I C L E I N F O

Keywords:
Transimpedance amplifier
Radio-over-fiber
Programmable gain
High linearity

A B S T R A C T

The demand of mobile and wireless devices has been continuously growing over the last years, driving the
development of new wireless communication systems to provide high data capacity and good accessibility at
high data transmission rates. Wireless communication systems must also show high immunity to interference,
and in this context distributed systems formed by several remote antenna units (RAU) fed by multi-mode fibers
are becoming the preferred solution. At high transmission data rate increases, issues brought by the variability in
the fabrication of the circuits and ambient conditions (PVT variations) become more important, and it is ne-
cessary to design the systems to minimize their effect. In this work, a fully-differential transimpedance amplifier
(TIA) for the receiver in a RAU is presented. The TIA has been designed in a 180-nm RF CMOS technology with a
1.8-V voltage supply and it achieves a bandwidth of 2.5 GHz with a power consumption of 26mW. To overcome
the effect of PVT variations, the TIA features a programmable transimpedance of 20-dB linear-in-dB program-
mable transimpedance, also increasing the input dynamic range to improve the overall linear range of operation.

1. Introduction

In recent years, there is a growing interest in distributed antenna
systems (DAS) fed by multi-mode fibers (MMF), especially for in-door
applications. In this context, transmitting radio over fiber (RoF) can be
a good alternative to enhance the performance of short-range wireless
networks. In a RoF communication system (see Fig. 1), the RF signal is
generated in a central station (CS), directly modulating a vertical-cavity
surface-emitting laser (VCSEL) with low optical modulation index (ty-
pically around 10%–30%) and is then sent to several remote antenna
units (RAU) through MMF, which presents very low attenuation, wide
bandwidth and immunity to electromagnetic interferences. Delivering
the RF signal from the CS to the downlink of several low-power RAUs,
instead of using a single high-power emitter offers a more reliable
distribution of the wireless signal, which results in very good coverage
while reducing interferences with other networks [1].

However, to ensure a high data capacity and good coverage, a dense
network of RAUs is needed. To reduce the cost of installing a distributed
antenna system, cost-effective fully-integrated RAUs must be designed.
RoF systems provide simpler and cost-effective RAU configurations, as
both downlink and uplink must only amplify and convert the RF-
modulated light to a wireless RF signal and vice versa, respectively,

while the RF signal generation and processing is centralized in the CS.
As shown in Fig. 2, the design of the downlink consists of five main

elements: (i) a photodiode (PD) that converts the RF-modulated light
into current; (ii) a transimpedance amplifier (TIA) to recover the RF
signal in voltage; (iii) a variable-gain amplifier (VGA) to provide en-
ough gain, (iv) a power amplifier (PA) and (v) the antenna. The main
requirements for RAUs are low noise and high linearity to properly
process the RF signal. Consequently, an optical front-end must be
available to bring these characteristics together.

In this work, we propose the design of a new fully-differential, low-
noise transimpedance amplifier with highly linear performance aimed
for use in a RAU for short-range RoF communications. It achieves a
bandwidth up to 2.5 GHz and a controllable gain to increase the input
dynamic range. The proposed TIA has been designed in a 180-nm RF
CMOS technology.

The paper is organized as follows: Section 2 provides a detailed
description of the proposed transimpedance amplifier; Section 3 pre-
sents the simulation results and Section 4 presents the main conclusions
of this work.
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Fig. 1. Block diagram of a radio-over-fiber communication system.

Fig. 2. Block diagram of a radio-over-fiber downlink.

Fig. 3. Transistor-level topology of the proposed TIA.

Fig. 4. Frequency response of the TIA with double control of transimpedance and open-
loop gain.

Fig. 5. Input-referred noise of the TIA.
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