
Analog Circuits Testing Using Monte-Carlo Analysis and 

Neural Networks 

 
Anoop Verma , Ajay Kumar Yadav and Prashant Bharti 

Department of Electronics & Communication Engineering 

Mewar University, Chittorgarh , Rajasthan, India 

  

Abstract 

           Analog Circuits testing using Monte Carlo Analysis and Neural Networks is a new technique which is 

proposed for the diagnosis of fault in Analog Circuits. According to this method, the circuit which is to be tested is 

supplied with a ramp shape voltage. The output  supply current is  now analyzed with a new unsupervised neural 

network. If circuit has any fault then its supply current waveform will change. In this case the waveform of the 

supply current can be related to the type of the fault. In general to obtain this relationship  will be a difficult  task, 

but neural  networks can provide a suitable  solution for this problem. This network has been used in a hierarchical 

way. In the first step, a single layer is used to classifies the faults. If a single node represents a few faults then a sub 

layer is added to classify the other faults. This process will continues until a node represents each fault class 

according to analysis.    
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Introduction 

A new fault detection technique for analog circuits is developed. In this method, the circuit is 

supplied with a ramp shape voltage. The resulted supply current is analysed with a new 

unsupervised neural network. Simulating different faults and the Monte-Carlo analysis to 

account for parametric change and tolerances does the training of the proposed neural network. 

 

  In recent years, because of intensive capacity of integrated circuits, there has been a 

growing interest toward merging of analog and digital circuits. Testing of analog part of such 

circuits would be more difficult since analog circuits have greater range of input and output and 

their response are affected by tolerance and temperature. Several methods have been proposed 
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for testing of analog circuits. One group is based on simultaneous test of several points and is 

referred to the method of “bed of nails”. This method has the problem of accessing these points 

and is not feasible for integrated circuits because of unavailability of required points. The 

method of “built-in-self-test” in which the test circuit is built inside the integrated circuit 

increases the complexity, cost and decreases the speed. One of the methods that have recently 

been employed for test and fault detection in analog circuits is using a ramp voltage instead of 

DC voltage for the power supply of the circuit . In this case the power supply current contains 

information that pertains to the topology of the circuit. If circuit has a fault, its supply current 

waveform will change. The supply current waveform in this case can be related to the type of the 

fault. Obtaining this relationship in general could be a challenging task, but neural   networks 

could offer a reasonable solution to this problem. The power supply current, resulted from ramp 

supply voltage, has been related to the respected fault by the Kohonen Self-Oganizing Feature 

Map (KSOFM) neural network . This network has been used in a hierarchical way. In the first 

step, a single layer KSOFM classifies the faults. If a single node represents a few faults, a sub 

layer is added to classify the misrepresented inputs. This continues until a node represents each 

fault class according to analysis.      

 

 

Classification of faulty and fault free circuits 

 

Classification is done using the frequency response. Variations in the component values affect 

the peak amplitude or central frequency of the filter. So the two parameters taken into 

consideration for the classification are the peak amplitude and the shift in the central frequency. 

The tolerance for the amplitude and central frequency shift is 10% of the nominal value. The 

correct circuits are those which have a tolerance within 110% and 90% of the nominal value for 

both the amplitude shift and the central frequency shift of the frequency response. The faulty 

circuits are those which have tolerances above 120% or below 80% of the nominal value for both 

amplitude shift and central frequency shift. Figure 2 shows the frequency response of a bi-

quadratic filter. It also shows the tolerance bands for the peak amplitude and the central 

frequency. In case of bi-quadratic filter 100 samples were taken between .5MHz and 1.5MHz. 

Figure 3 shows the transient responses of the bi-quadratic filter (saturated ramp input). In the 

case of bi-quadratic filter 50 samples are taken from 0 to 4.9microseconds in case of continuous 
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pulse and 50 samples from 0 to 3 microseconds in case of saturated ramp input. The input in case 

of the bi-quadratic filter is 1V.  

 
 

 

 
Figure 1. A Bi-quadratic Filter. 

 

 
 

Figure 2. Transient Response of  Bi-quadratic Filer for a Saturated Ramp input 
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 Procedure of fault detection 

    The proposed method consists of three stages, namely, pattern generation, training and test. In 

the pattern generation stage, the circuit is simulated and its supply current  

 

 

Figure 3. The waveform of supply voltage 

 

 

Figure 4. Supply current waveform patterns resulted from Monte-Carlo Analysis 

resulted from applying ramp supply voltage is registered. The typical supply voltage waveform is 

shown in Figure 3.Waveform is sampled at m points and registered. For each state, with the help 

of Monte-Carlo analysis, more than one pattern is obtained. In each iteration, the Monte-Carlo 

analysis changes a parameter with respect to its nominal value and yields a pattern for that state. 

A sample of current waveforms for a specific state is shown in Figure 4. The patterns obtained 

from previous stage needed to be learned by a neural network . 
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The main techniques location and identification are: 

 

Figure 5 Fault location techniques 

    Monte-carlo analysis is a statical technique that we explore how changing component 

properties affects circuit performance 

It will perform  

o AC analysis 

o DC analysis 

o Transient analysis 

 Transient Analysis 

                 
Figure 6 Transient analysis 
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Figure 7 Example circuit for performance 

 

 

 

Figure 8 Monte Carlo Analysis 
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 Analysis of CMOS operational amplifier circuit using monte carlo method 

and neural network analysis 

 
 

Figure 9 CMOS operational amplifier circuit 

  

Conclusion 

  A new method based on application of ramp voltage as supply voltage and classification 

of supply current patterns has been described. This method takes advantage of Monte-Carlo 

analysis and modular neural network. The modular neural networks, developed in this research, 

is more sensitive to the transition regions of supply current waveforms. The simulation results 

show that the accuracy of the proposed system, compared to similar system, is almost doubled. 

Thus the outcome of using modular system is better accuracy and less training time. Further 

research is needed to improve the detection of such fault states. 

 

 

 

 

 

 

 

International Journal of Engineering Research & Technology (IJERT)

Vol. 1 Issue 6, August - 2012
ISSN: 2278-0181

7www.ijert.org



 

References 

[1] Sorsa, T. “Application of neural networks in process fault diagnosis” Automatica, 1993, pp. 843. 849  

[2] Spina, R. and Upadhyaya, S. “Fault diagnosis of analog circuits using artificial neural networks as 

signature analyzers” Proceedings of international joint conference on neural networks, 1992.  

[3] Kohonen ,T. ,“ The self - organizing snap, “Proc IEEE, vol. 78 no .9 ,pp,l464 — 1480,1990.  

[4] Somayajula, 5.5. , Sanches-Sinencio E. , and de Oyvez ,J.P.,”Analog fault diagnosis based on ramping 

power supply current signature clusters’JEEE Trans , Circuits Syst.-ll  voL43., Oct.1996, pp.703-712.  

[5]. Ogg ,S. , I..esage ,S. , Jervis ,B,W. ,Maidon ,Y. ,Zimnier ,T.,”Multiple fault diagnosis in analogue         

circuits using time domain response features and multilayer perceptrons “, lEE Proc. Circuits, SysL, 

vol,145 No,4 ,Aug 1998 „pp.213 —218  

 

 

   

 

 

International Journal of Engineering Research & Technology (IJERT)

Vol. 1 Issue 6, August - 2012
ISSN: 2278-0181

8www.ijert.org


