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Abstract

A 30 Gh/s paralel optic-fiber receiver structure is presented. Parallel receiver amplifiers of 12
channels have been designed using TSMC 0.25 um CMOS technology and for single-channel bit
rate of 2.5 Gb/s. The total DC current of the parallel receiver amplifiersis about 0.54 A a a3.3-V
supply, corresponding to a power consumption of 1.78W. The voltage swing at each single-end
output is 400 mV p-p.

1. Introduction

As telecommunications and data-communications rapidly developed, optic-fiber networks are
widely implemented. The continuous increase in communication speed has motivated the design
and implementation of optic-fiber networks in high speed and high capacity, and these
performances can be satisfied by parallel optic-fiber transmission systems.

Our 30 Gb/s parallel optic-fiber receiver consists of 12 channels with 2.5 Gb/s per channel. Each
channel includes a transimpedance amplifier followed by a limiting amplifier. At such a high bit
rate, the amplifier can be manufactured easily by using a GaAs or a silicon bipolar technology, but
with a higher cost. Advanced CMOS technologies are attractive from standpoints of integration,
power, and cost. With the feature size scaling down to 0.25 pum and below, the CMOS technology
is becoming the most interesting process for optic-electronic integrated circuits. So our 30 Gh/s
paralel optic-fiber receiver |Cs are designed in 0.25um CMOS technol ogy.

2. System Structure

As shown in Fig.1, our 30 Gb/s parallel optic-fiber receiver includes 12 parallel channels with
each channél working at 2.5 Gh/s. The system consists of a micro-optics module, 12 paralel
photodetectors and 12 parallel receiver amplifiers. The micro-optics module couples the optical
signals from 12 paralel optic-fibers onto 12 parallel photodetectors. The parallel photodetectors
convert the optical signalsinto electrical signals. The paralel receiver amplifiers amplify the small
signals from photodectors with a high enough gain but alow noise factor.
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Fig.1 Parallel optic-fiber receiver structure
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3. Receiver Amplifiers

There are 12 receiver amplifiers in paralel. Each amplifier combines a transimpedance amplifier
as preamplifier and a limiting amplifier as main amplifier. These amplifiers were designed in
TSMC 0.25 um CMOS technol ogy.

3.1 Transimpedance Amplifier (TIA)

The basic circuit of the transimpedance amplifier designed is shown in Fig.2. It plays a critica
role in optical receivers. Trade-offs between noise and gain-bandwidth characteristics present
many challenges in the design. Thus, it is optimized for both the minimum noise and the
maximum achievable gain in defined bandwidth, what is important for high efficiency of the
receiver (%2,
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Fig. 2 Circuit diagram of transimpedance amplifier

The TIA bandwidth is typically chosen to be equa to 0.8 time of the bit rate of a single channel
(2.5 Gb/s) — a reasonable compromise between the total integrated noise and the intersymbol
interference (IS1) resulting from limited bandwidth. The TIA bandwidth is designed for 2 GHz for
Coi=0.5 pF.

Fig. 3 shows the equivalent input referred noise current spectral density as afunction of the size of
MOSFET M, at 2 GHz for afixed feedback resistor of 500 ohm. The optimum gate-width of M1
was found to be 62 um. The simulated equivalent input current noise spectral density as a function
of the frequency is shown in Fig. 4. The simulation results of TIA with 62 um gate-width of M1
give a bandwidth of 2.1 GHz and a transimpedance gain of 51 dBQ with 1 pA input current at
2.5Gbl/s.
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Fig. 3 Equivalent input referred noise current spectral density
as afunction of the gate width of M; at 2 GHz
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Fig. 4 Equivalent input current noise spectral density of TIA

3.2 Limiting Amplifier

The limiting amplifier shown in Fig.5 has a DC coupled, fully differential circuit. It consists of an
input buffer, three similar amplifier cells, an output buffer for driving 50Q load, and a pair of
total feedback networks for offset canceling '¥. The whole circuit is fully balanced. The
non-linearity of differential current amplifiersis used for the limiting function. The three amplifier
cells have the same circuit as shown in Fig.6.
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Fig. 5 Block diagram of limiting amplifier
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Fig. 6 Circuit diagram of an amplifier cell

3.3 Simulation

Between the transimpedance amplifier and the limiting amplifier, an interface circuit is inserted to
make the transformation of single-ended to differential structure. The receiver amplifier has been
simulated with 1 pA input current using Cadence as shown in Fig.7 (a) for frequency response and
Fig.7 (b) for input referred noise current density. Simulation results have shown that a flat
response over 2 GHz and total gain of 128 dBQ can be obtained. The input referred noise current



density of the receiver amplifier was 16.9x 102 A%Hz at 2 GHz.
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Fig. 6 Simulation results of the receiver amplifier

4. Layout Design

The parallel receiver amplifiers have been realized in a 0.25 pum CMOS technology of TSMC. The
layout of 30 Gb/s parallel receiver amplifiersis shown in Fig.7. Isolation between two neighboring
channels was used for avoiding the interference of them.

Fig. 7 Layout of 30 Gb/s parallel receiver amplifiers with 12 channels

5. Conclusion

A structure of 30 Gb/s parallel optic-fiber receiver is presented. It is designed in a0.25 um CMOS
technology. The circuit is taped-out, and the test results will be given later.
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