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Abstract

Abstract

With the rapid economic development, traditional manual production is gradually
replaced by the automation one, which means that production orders can be conveyed
from the control system to automatic equipment through the communication medium.
As a traditional communication medium,opper wires can’t be able to ensure data
integrity and industrial precision. As an ideal communication medium, plastic optical
fiber (POF) is characterized by excellent electromagnetic immunity, convenient
connection and low cost, therefore it has been widely used in various short distance
communication areas, such as industrial control, vehicle network, audio data
transmission and so on. In industrial control system, disturbances caused by common
mode voltage, ground loop noise, common mode noise and electric spark can be
avoided by using POF. As a result, the safety of equipment and data integrity are
ensured in the environment with high noise and common mode voltage.

At present,the transceiver for POF communicationis characterized by low
frequency, low sensitivity and high cost, so it is hardly meet the needs of low data-rate
communication in industrial control. In order to apply POF communication in the area
of industrial control, it’s essential to design low data-rate transceiver. In this paper,
650nm monolithic integrated optical receivers named OEIC200 and OEIC500 are
implemented based on the standard silicon CMOS process with low cost to meet the
ditferent needs of industrial environment.

In this paper, the main work are as follows:

1. A structure model of Spatially Modulated(SM) photodetector(PD) is
accomplished in Silvaco, and characteristics of PD are simulated on the model. Based
on the simulation, SM PD is optimized and implemented in a standard 0.5umCMOS
process. Measuredresults indicate that the junction capacitance per unit of area is
3.16x10™pF/um? under 2.5V reverse voltage, and the responsivity is about 0.12A/W.

2. In order to meet different data rates of industrial environment, the monolithic
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Abstract

integrated receiver (OEIC200) with an optimized 200x200um?® SM PD is fabricated in
0.5um CMOS process. Modified Regulated Cascode (RGC) trans-impedance
amplifier is employed as a preamplifier, modified Cherry-Hooper amplifier is the
limiting amplifier, and frfrequency multiplieris the output buffer. Measured results
indicate that its working frequency ranges from 1MHz to155MHz, the sensitivity of
receiver is about -17.5dBm at the data rate of 155Mbps and bit-error-rate (BER) less
than 10”. A cleareye diagram of OEIC200 is demonstrated for 155Mb/s.

3. The monolithic integrated receiver (OEIC500) with an optimized 500x500um’
SM PD is fabricated. Common source trans-impedance amplifierwith negative
feedback is employed as a preamplifier, the dynamic range of OEIC500 is increased
by adding Auto-gain Control (AGC) circuit. Measured results indicate that its working
frequency ranges from 1KHz to 1MHz, the minimal detectable optical power of
OEIC500 1s 30.2uW at the data rate of 1Kbps.M sequence generator is designed and
encoded as the input signal to do the experiment, it’s shown by the result that the
OEICS500 has been able to receive the signal accurately, proving that OEIC500 can be
used in the low data-rate communication system.

The innovation points are as follows:

1.A structure model of SM PD is accomplished in Silvaco, and characteristics of
PD are simulated on the model.

2. Modified RGC trans-impedance amplifier with Wilson Current Buffer (WCB)
is employed as a preamplifier of OEIC200 to improve its performance.

3. 650nm monolithicintegrated optical receivers are implemented based on the
standard silicon CMOS process.Experimental results prove that optical receiver can

be used in the low data-rate communication system.

Keywords: Plastic Optical Fiber (POF) communication;Industrial Control;Optical

Receiver
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