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1. Introduction 

The main factor commonly related to optical wireless communication is noise intensity at receiver that interrupting 

the original signal transmitted [1]. Further application for the output of SNR is to able to determine the quality of the 

incoming signal, thus affecting the bandwidth of receiver. This means, it is measurement of quantity from the 

information signal in a wireless communication system and random fluctuations of amplitude on that signal referred to 

as noise signal occurs when the signal is transmitted from a transmitter to receiver. The noises such as shot noise, dark 

current noise, Johnson noise and thermal noise that can affect the signal transmitted at the receiver where the signal to 

noise ratio (SNR) will decrease if the noise intensity increases [2]. In order to measure signal to noise ratio (SNR), the 

SNR circuit detector was designed to detect signal from transmitter. Usually, signal to noise ratio (SNR) is related to a 

gain [3]. Nowadays, there are many applications of optical wireless network that we use anywhere either outdoor or 

indoor, several efforts have been made in the design to reduce noise into the receivers. The receiver noise can be 

separated into internal and external components, noise produced by the front-end electronics and the ambient noise 

produced by artificial and natural light sources [4]. In most environments the ambient noise is dominant over the 

receiver noise. An optical field is mainly an indoor technology on contrary, the optical wireless communication outdoor 

technology that has many challenging design problems [5-8]. During the transmission, the ambient light noise sources 

are in line with signal sources at receiver [9]. Due to the directional nature of both signal and noise, the SNR observed 

by can significantly vary observation angle, and if receiver accept signal and the noise from opposite directions, the 

SNR will be greater. 

 

2. Background and Literature Review   

The signal to noise ratio detector (SNR) is used to detect the incoming signal from the photodiode. In optical 

wireless network, the photodiode received the signal by converting the incident optical intensity into a photocurrent 

[10]. The SNR defines the power ratio between a signal and noise [11-13]. This means, it is a measurement of quantity 

from the information signal in a wireless system and the random fluctuations of amplitude on that signal referred to as 

noise signal occurs when the signal is transmitted from a transmitter to the receiver.  The noise is always represents as 

unwanted signal in most wireless system application.  The noise will bring effect to the original signal where the 

Abstract: This paper presents the design of a CMOS based Signal to Noise Ratio (SNR) detection system. The design system 

is developed using divider, multiplier and an additional multiplier in a feedback loop. The divider in the designed system 

produce 1/V of the signal and multiplier produces the average squared SNR signal. The last stage in this design circuit is a low 

pass filter necessary to implement the desired “average” measure of the signal to noise ratio (SNR). From simulation, the output 

voltage of SNR is 9.167mVp-p and from practical, the output voltage is 13.2mVp-p. 
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information signal will have distortion and causes the reduction of the amplitude signal [14]. In communication, 

endeavor to maximize the SNR is considered. The noise will bring effect to the original signal where the information 

signal will have distortion and causes the reduction of the amplitude signal. However, there are other methods. SNR 

can be improved using high level of signal output power. Based on the theoretical criterion, SNR is high the signal can 

be classified as the better signal because the higher the ratio of SNR, the lower the noise signal. Fig. 1 shows the noise 

spectrum at optical receiver [15].  

 
Fig. 1 -Noise Power Spectrum [13] 

 

Optical receiver consists of various noises. They are shot noise, dark current noise, quantum noise, background 

noise such as fluorescent lamp, ambient light and etc. All the noises are located in the curve of modulation bandwidth. 

Signal cannot be transmit in the modulation bandwidth because the signal will interfere with the noises. Usually, signal 

transmitted at higher frequency that mean the signal transmit are outer the modulation curve. Shot noise, ITs occurs 

along the x-axis. The square function shows the total mean square for shot noise. Signal received represent the 

photocurrent, Io. Usually photocurrent, Io comes from photodetector. The high intensity of noise is located in curve of 

modulation bandwidth. In the next, the methodology of designing the CMOS Signal to Noise Ratio Measurement for 

Wireless application is discussed. 
 

3. Research Methodology  

The SNR measurement circuits are designed using dynamic calculation of the signal to noise at the receiver front-
end’s. Another distinguished definition of SNR measurements is that noise current is proportional to the photodiode 
current [16]. 

 

Fig. 2 -Block Diagram for the designed Design of a CMOS Signal to Noise Ratio Measurement for Wireless 
Application 
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 Fig. 2 show that the circuit for SNR measurement with one divider and two multipliers in a feedback loop with an 
additional multiplier. 1/Vn of the signal is carried uisng divider and squared SNR result are attined using multipliers. The 
ouptut of this circuit is given to low pass filter as shown in Fig. 2. To attain the average SNR.  

3.1 SNR Measurement Circuit use AD633 

SNR measurement circuit of Fig. 3 consist two paths which are the signal path and noise path.  Noise path begins 
from input of Block A to Block B meanwhile signal path begins from Block C to Block D and Block E. The noise path 
from Block B is combined with the signal path at Block C. Each block provide their own function which is Block A as 
buffer, Block B as divider and Block E as low pass filter while Block C and D as multipliers. 

Furthermore, the photodiode is use detect the signal in Block A. The type of buffer that use in Block A is 
BUF600X1_BB. The BUF600X1_BB is use in signal to noise ratio (SNR) measurement circuit because its frequency is 
range about 320MHz so it can support the high frequency of signal that detect at photo detector. 

 

 

Fig. 3 -SNR Measurement Circuit use AD633 

Moreover, in Block B there is use AD711 that combine with multiplier to build the divider circuit. An additional 
component such as diode is used to make the current flows in one direction only. The diode only allowed current flow 
from positive to negative. Then, the Block C and D use as multiplier. Otherwise, low pass filter is use in Block E. High 
signal to noise ratio (SNR) will produce a low noise output signal and high bandwidth at the receiver. In order to produce 
a good signal to noise ratio (SNR) detector, suitable IC and components must be consider carefully.  All the chosen 
components must be of high efficiency and good performance in order to produce an output identical to theoretical. 

3.2 SNR Measurement Circuit use AD734 

In this circuit AD734 is use to observed and compare the result of signal to noise ratio (SNR) with AD633. The 
process is to identify which component is suitable as shown in Fig. 4. 
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Fig. 4 -SNR Measurement Circuit use AD734 

  From Fig. 4, the connections at pin of AD734 are totally different with connections at pin of AD633. The other 
different between AD633 and AD734 are their frequencies. The frequency of AD734 about is 10MHz higher than 
frequency of AD633 but their function is same to build multiplier and divider circuit. The advanced performance of the 
AD734 is achieved by a combination of new circuit techniques. The amplifier that use is LMH6624 in non-inverting 
means it is feedback loop. Its frequency is about 1.5GHz and the function of Block E is to increase the gain of output 
from multiplier in Block D. 

4. Result and Discussion  

Output simulation results from the SNR measurement circuit use AD633 is in Fig. 5. All output graphs are arranged 
according to the changes of waveform from Block A to Block E signal to noise ratio (SNR). The simulation results were 
plotted in axis of voltage versus time using transient analysis. A 5.0Vp-p input voltage and 10 kHz input frequency was 
used. 

 

Fig. 5 -Result of SNR Measurement Circuit for AD633 

The graph Vb1 which is square blue line represents the output of Block A while the graph Vout0 represents is the 
output of Block B. The both output are 10Vp.  Besides that, the graph Vin1 which is half wave green line represents is 
the output of Block C. Its output is at 283.019mVp. Then, the graph Vout1 represents output of Block D. The output is at 
20.189mVp. Next, the graph Vout2 is sine wave represents the output of Block E where it’s output at 14.811mVp. 

Based on Fig. 6, there are the outputs of SNR measurement circuit for each block diagram use AD734. The graph 
Voutb which is square blue line represents the output of Block A. Its output is 16.373Vp while graph Voutd1 is output of 
Block B where it is drop from positive to negative. Moreover, the graph Voutm is output of Block C at 6.576 Vp and the 
graph Voutm1 represents output of Block D. Its output is 122.034mVp. Then, graph Vout is the output of Block E and 
this output is about -823.729mVp. 
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Fig. 6 -Result of SNR Measurement Circuit for AD734 

5. Conclusion 

This paper presents a signal to noise ratio (SNR) measurement system for an optical wireless. The signal to noise 
ratio (SNR) measurement system was simulated using Micro-cap software. The designed signal to noise ratio (SNR) 
system output is use different CMOS multiplier to compare and choose which the better signal to noise ratio (SNR) 
measurement circuit. From simulation and practical results, the suitable input frequency is 100 MHz and the suitable 
input voltage is 200mV. 
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