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Abstract: The advancement of communication based technology and the growth of the internet traffic have continuously 

driven the fast evolution of the intelligent networks based applications. As compared to the traditional optoelectronic switch 

based devices, all the optical transreceiver provides high throughput, rich routing functionalities, and excellent flexibility for 

rapid signal exchange in optical networking based systems. Among various optical switches, the thermal actuated ring 

switching devices provides the advantages of high accuracy, easy actuation, and reasonable switching speed for better data 

communication. However, when this device is used in the system scale up, it may encounter certain issues related to 

fabrication error, non accurate wavelength. A low-power multi-band RF receiver including a multi-band low-noise amplifier 

(LNA) based on the IEEE 802.15.4 standard for sensor node applications response, and large terminal numbers in the control 

circuit. A 12-channel parallel optical receiver front-end amplifier array design and realization in a low cost 0.18 µm CMOS 

technology. The integrated circuit system has been designed, simulated and demonstrated with a decent performance having 

free spectral range (FSR) equal to 1.5 nm at 1534 nm and very accurate wavelength modulation to 0.3 nm within 0.01 nm 

fluctuations for thermal actuated ring type optical switch. 
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1. Introduction 

The optical and wireless communication systems have been 

applied in many transmission interfaces recently. The 

frequency synthesizer is a major and most critical component 

of the optical based wireless transceiver. At high speeds and 

high pore densities, the power dissipation of optical 

transceivers becomes a critical element as it determines the 

type and size of package module. The complementary metal 

oxide semiconductor (CMOS) technology has the advantages 

of low cost and thus, it is widely used to implement these 

devices which are used in intelligent networks. At the GHz 

frequency range, it is proven to be the best substitute for the 

low power operation based systems. One of the most 

important modules of the frequency synthesizer which is 

employed in the feedback is the pre-scaler, which simply 

takes a periodic signal and in turn generates a periodic output 

signal, whose frequency is a fraction of the input frequency. 

But there is a limitation with the use of the pre-scaler module 

since it operates at the highest frequency of the signal and 

consumes quite large power. Thus, the design of high speed 

pre-scalers module is the dire need of the technology so that 

a highly efficient networking based application can be 

designed and implemented [1, 5].  

 

The basic requirement of an optical communication system is 

to carry large volumes of data across a long distance with the 

help of the most optimized transreceivers. The block diagram 

of a complete optical communication system is shown in 

figure 1. The data provided to the transmitter is in the form of 

low speed parallel data which are generated by multiple 

users. The task of parallel-to-serial conversion is performed 

by a multiplexer (MUX) which requires a number of clock 

frequencies with precise edge alignment. These clocks 

required can be quite easily generated by using a PLL. The 

laser driver of receiver delivers large currents to the laser, 

and the trans-impedance amplifier (TIA) amplifies the output 

of photodiode with low noise and sufficient bandwidth, and 

converts it into to a voltage. Since the received data may 

exhibit substantial noise, decision circuit, de-multiplexer 

(DMUX) and clock and data recovery (CDR) are interposed 

to reproduce the original parallel channels [6, 8].  
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Figure 1: Complete Optical Communication System [9] 

 

The drastically increasing demands for large data capacity 

require high-speed interconnections with ever increasing data 

transmission rate. the multimode parallel optic-fiber links 

appear to be the most promising favored solution. Figure 2 

shows the simplified block diagram of such a parallel link. 

Incase of the opto-electronic based systems with high 

operation speed upto/beyond 10 Gb/s, the design for low 

cost, low power consumption and high integration level 

becomes a real challenge. The frontend amplifier is the most 

critical element in an optical receiver affecting the whole 

system performance such as speed, sensitivity, and signal-to-

noise ratio. Hence, the design mandates careful optimization 

of a number of tradeoffs among bandwidth, gain, and noise. 

The receiver front-end circuits operating at such high data 

rates are mainly dominated by SiGe, GaAs, and InP 

technologies. However, the submicron CMOS technologies 

have recently become very attractive due to their low cost 

and high integration level characteristics can be easily 

designed and fabricated in a standard 0.18μm CMOS 

technology [10, 15]. 

 

 
 

Figure 2: Optical receiver front-end amplifier architecture 

[16] 

 

The most conventional multi-band receiver architectures are 

implemented by using multiple individual receiving paths, 

which increase the cost, power dissipation, and complexity. 

To overcome these disadvantages, a con-current receiver 

architecture which can simultaneous receives signals in a 

multi-band, has been developed. However, this architecture 

experiences a linearity problem since the spurs in one band 

can corrupt signals in the other band. 

 

 
 

Figure 3: Multi-band receiver architecture [17] 

 

The relevant receiver specifications are sensitivity, 

selectivity, and dynamic range. Receiver sensitivity can be 

represented as a noise figure (NF). Therefore, the required 

NF of the receiver should be less than 24 and 25 dB in 

868/915 MHz band and 2.45 GHz band, respectively. 

Selectivity can be represented as third-order, second-order 

inter-modulation products as well as a filter requirement. The 

gain control range presents for receiver dynamic range [18, 

20]. 

 

2. Basic Discussions of Optical Receiver: 
 

In order to design and implement an effective networking 

based module for the optical communication systems we 

have to chart out a table with the desired parameters value 

that can be used to find out the behavior of the device. This 

task has been achieved with the desired information in the 

form of a table 1 as shown below. 

 

 
 

Table 1: Summary of desired receiver specification [21] 

 

The receiver must be able to receive signals up to-20 dBm at 

both band as specified in IEEE 802.15.4. Considering the 

minimum input signals of -110 and-100 dBm, the dynamic 

range of the receiver should be 90 and 80 dB for 868/915 

MHz and 2.45 GHz bands, respectively, to avoid the 

saturation of the ADC. Other radio specifications of the 

multi-band RF receiver are listed in Table 1. The next step is 

assigning the specifications for each block. Here, the receiver 

is divided into two sections: RF section including LNA and 

down conversion mixer, and IF section including band pass 

filter and variable gain amplifier. This division helps a design 

process more convenience because the signal level at the 

LNA input is represented in power while it is represented in 
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voltage level at the mixer output. Normally, to determine the 

NF specification of individual block in the cascade system, 

Friis’s equation is applied [22], we have 

 

           (1) 

 

where NFRF,Rs and AP,RF are noise figure and available power 

gain of the RF section with respect to the source impedance, 

respectively. NFIF;Rout,RF is noise figure of the IF section with 

respect to the output impedance of RF section. The available 

power gain of the RF section is given by 

 

          (2) 

 

where Rs is the source impedance, Rin,RF, Rout,RF, and Av,RF are 

the input impedance, output impedance and voltage gain of 

RF section, respectively. To calculate IIP3, the following 

expression is used. 

 

             (3) 

 

As can be seen from equations 1–3, there are a so many 

possible combinations of the section specification that meet 

the requirements. A set of specifications is specified based on 

our experience and the experimental results of the previous 

designs. Then during the design process, some of the values 

are revised based on the design experimental results. 

Therefore, authors believe that the given specifications have 

reached a certain optimal point for low power consumption 

receiver implementation. The optimization of the receiver 

implementation is shown in figure 4 where the requirements 

for each block in receiver chain are described. In 868/915 

MHz band, the LNA with 2 dB NF and 28 dB maximum 

voltage gains are specified. Although higher gain would relax 

the NF requirements of the following stages, high current 

would be required to achieve the needed gain and linearity. 

13 dB gain variable is also assigned to make sure LNA and 

mixer are not saturated at high RF input signal under low 

power consumption design. The final specifications of the 

individual sections are listed in Table 2 assuming the IF 

section will be reused for both bands [23, 25]. 

 
 

Figure 4: Receiver Architecture Methodology [26] 

 

 
 

Table 2: Summary of RF and IF sections specifications 

[27] 

 

3. CMOS Based Optical Receiver 
 

 

 
 

Figure 5: Block Diagram of the Optical Receiver  

 

A CMOS based optical receiver which has been designed for 

the optimized operation that in turn reduce the PWD and 

circuit complexity for high-definition digital audio interfaces. 

Figure 5 shows the logical circuit of the system, consisting of 

a photo detector (PD), a trans-impedance amplifier (TIA), a 

level shifter, a replica bias circuit (reference) and a limiting 

amplifier. The PD and the TIA generate current and voltage 

signals with various logic thresholds due to the optical wave 

length and the sender power. However, the direct application 

of a fixed reference may result in PWD, especially at high 

speed. In order to overcome this problem, a level shifter is 

introduced at the receiver, which aligns different thresholds 

of input signals [28, 35].  
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Figure 6: Schematic Arrangement of a Low Noise Amplifier 

Circuit 

 

The figure 6 is a simplified schematic of the multi-band low 

noise amplifier (MB-LNA) that uses two-stage cascade 

configuration with a current reused technique. This device is 

highly desired in the design of the highly efficient optical 

transreceiver. The first stage uses a common-source topology 

with loading resistor Rd and the second stage adopts a 

cascode topology. The supply voltage of 1.8 V allows 

stacking three transistors since the threshold voltage, Vth of 

RF NMOS transistor in 0.18 micron CMOS technology is 

about 0.5 V. Two stages are ac coupled by on-chip MIM 

capacitor Cc. Transistors M1 and M2 are the LNA inputs 

where M1 is for the 868/915 MHz band and M2 is for the 

2.45 GHz band. When the LNA is working in 868/915 MHz 

band, the PD-B1 (power down of the first band) and PD-B2 

(power down of the second band) are turned ON and OFF, 

simultaneously, and vice verse. The advantage of this 

configuration is that the input matching of each band can be 

optimized independently. This is an important aspect since 

the LNA input matching network quality factor is key factor 

in determining the gain, noise, linearity, and sensitivity to 

component variations [36, 39].  

 

4. Experimental Analysis and Result 

Discussions 

 
Figure 7: Simulated NFmin of LNA  

 

The above figure 7 shows the an optimized plot between the 

noise figure and the operation of the effective CMOS device. 

 

 
 

Figure 8: BER as a function of the input current and bit rate 

 

 
 

Figure 9: Frequency response obtained when frequency 

compensation is employed 

 

 
 

Figure10: Measured voltage conversion gain of the multi-

band RF receiver 

 

 
 

Figure 11: Measured NF of the multi-band RF receiver 

 

 
 

Figure 12: Measured trans-impedance gain. 
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The above shown figures 7-12 has been simulated and then 

analyzed experimentally with the desired technology. The 

behavior of all the required and most dominant parameters 

have been studied and then plotted against their relevant 

factors of the device such as noise figure, data bit rate, 

frequency response of the system, trans-impedance etc.   

 

5. Conclusions 
 

The integrated circuit system has been designed, simulated 

and demonstrated with a decent performance having free 

spectral range (FSR) equal to 1.5 nm at 1534 nm and very 

accurate wavelength modulation to 0.3 nm within 0.01 nm 

fluctuations for thermal actuated ring type optical switch. 

This desired parameters with their optimized performance 

has been discussed, designed and implemented with the use 

of CMOS 0.18 micron technology. Low power multi-band 

receiver implementations present significant challenges to 

CMOS realization.  

 

The implemented multi-band RF receiver having 1.590.8 mm 

2 die size consumes 3.0 mA under a supply voltage of 1.8 V 

at all bands. The single-ended input double balance down-

conversion mixer is applied such that the different LNA or 

single-ended to differential circuitry is avoided. A good 

trade-off between gain, noise, bandwidth and power 

consumption has been achieved leading to a high 

performance design. More concretely, the preamplifier is 

based on a resistive shunt-feedback topology and employs 

two different frequency compensation techniques, phantom 

zeros and shunt peaking.  
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