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Abstract— the purpose of this paper is to testing the analog circuit by using Monte-Carlo analysis. In physics-related problems, 

Monte Carlo methods are quite useful for simulating systems with many coupled degrees of freedom, such as fluids, disordered 

materials, strongly coupled solids, and cellular structures. This technique 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 contains any fault then its supplied 

current waveform will change. In this case, the waveform of the supplied current can be related to the type of the fault. In general 

to obtain this connection will be a difficult job, but neural networks can provide a suitable solution for this problem. This network 

has been used in a hierarchical method. In the first step, a single layer is used to classifying the faults. If a single layer 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.  

 
Index Terms—Neural Network, Monte Carlo Technique, Ramp Supply Voltage, circuit testing. 

 

I. INTRODUCTION 

 

The paper introduces analog circuit testing using Monte Carlo Testing and neural network. Analogue circuit is a circuit that 

process input signals in continuous time and give out an output signal also in continuous time are referred to as analog circuits. 

Analog circuits are virtually everywhere. Examples of analog circuit are Operational amplifier, voltage regulator, charge pump, 

level shifter, filters, etc. Many papers have been recently written proposing techniques to reduce the burden of testing analog 

circuits. A new fault detection technique is Monte-Carlo which is developed to testing the analog circuit. In this method, the 

circuit is supplied with a ramp shape voltage. The resulted supplied current is analyzed 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 better range of input and output and their reply are affected by acceptance and temperature. Several methods have been for 

testing of analog circuits. One group is based on simultaneous test of several. 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 supplied current waveform will change. In this case, the supplied current waveform can be related to the 

type of the fault. The power supplied current, resulted from ramp supply voltage, and had been associated to the respected fault by 

the Kohonen Self-Organizing Feature Map neural network. This network has been used in a hierarchical method. 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 changed 

inputs. This continues until a node represents each fault according to analysis. 
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II. Classification of Fault And Fault Free Circuits 
 

Classification of circuits is done by using frequency domain. Frequency response is the dependence on signal frequency of the 

output–input ratio of an amplifier or other device. Variations in the component values concern the peak amplitude or central 

frequency of the filter. So the two parameters are taken into consideration for the classification is the peak amplitude and the shift 

in the central frequency. The acceptance for the amplitude and central frequency shift is 10% of the assumed value. The fault free 

circuits are those which contain acceptance within 110% and 90% of the assumed value for both the amplitude shift and the 

central frequency shift of the frequency response. The faulty circuits are those which contain acceptance above 120% or below 

80% of the assumed value for both amplitude shift and central frequency shift. It can be easily used. It also illustrates the 

acceptance bands for the peak amplitude and the central frequency. 

 

III. A Bi-quadratic filter  

 
In case of the bi-quadratic filter the frequency response is first considered. The classification is done based on the frequency 

domain of the filter circuit. The circuit is tested with different types of input stimuli. The continuous pulse is found to be the best 

input stimuli for the filter. A continuous pulse and a saturated ramp input are given to the circuit and its response is used for the 

training of the neural network. The circuit response to saturated ramp is an output that rises gradually and overshoots the DC 

saturation value and finally settles down at the DC saturation value. The main features of this response are the delay, rise time, 

DC saturation value and the initial overshoot above the saturation value. The 20% deviation in the component values is considered 

to compare our results with the results. 

 

 
Fig. A bi-quadratic filter 

Figure 2 shows the frequency response of a bi-quadratic filter. It also shows the acceptance bands for the peak amplitude and the 

central frequency. In case of bi-quadratic filter 100 samples were taken between 0.5MHz and 1.5MHz. 

 
Fig. Frequency Response of the Bi-quadratic Filter 
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 Figure 3 shows the passing 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 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 1 Volt.  

 

 

The Flow chart explains the process of neural network training for testing the analog circuit. In this Input is given to circuit and 

then it divided into two categories i.e. output transient and output frequency response. Then output frequency response is checked 

for acceptance such that circuit is faulty or fault free. Output is stored in neural network training.  

 
 

IV. Procedure for 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 resulted from applying ramp supply voltage is registered. 
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Fig. The waveform of supply voltage 

 

 

Monte Carlo Methods are a broad class of computational algorithms that rely on repeated random sampling to obtain numerical 

results, that is, by running simulations many times over in order to calculate those same probabilities heuristically just like 

actually playing and recording the results in a real casino situation, hence the name. They are often used in physical and 

mathematical problems and are most suited to be applied when it is impossible to obtain a closed-form expression or infeasible to 

apply a deterministic algorithm. Monte Carlo methods are mainly used in three distinct problems: optimization, numerical 

integration and generation of sample from a probability distribution. For each state, with the help of Monte-Carlo analysis, more 

than one pattern is obtained. Monte Carlo methods are especially useful for simulating systems with many coupled degrees of 

freedom, such as fluids, disordered materials, strongly coupled solids, and cellular structures. They are used to model phenomena 

with significant uncertainty in inputs, such as the calculation of risk in business. They are widely used in mathematics, for 

example to evaluate multi-dimensional definite integrals with complicated boundary conditions. When Monte Carlo simulations 

have been applied in space exploration and oil exploration, their predictions of failures, cost overruns and schedule overruns are 

routinely better than human intuition or alternative "soft" methods. The Monte-Carlo analysis changes a parameter with respect to 

its nominal value and yields a pattern for that state. The patterns obtained from previous stage needed to be learned by a neural 

network. 

 

 
 

Fig. Monte-Carlo Analysis 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 9, September 2014, Pg. 240-245 

Shashi Yadav, IJRIT  244 

 

 
Monte Carlo methods vary, but tend to follow a particular pattern: 

• Define a domain of possible inputs.  

• Generate inputs randomly from a probability distribution over the domain.  

• Perform a deterministic computation on the input. 

• Aggregate the result. 

 

 

Monte-Carlo analysis is a statically technique that we search how changing component properties affects circuit performance. 

It will perform 

o AC analysis 

o DC analysis 

o Transient analysis 

 

 

 
 

Fig. Transient Analysis 

 

V. Analysis of CMOS operational amplifier circuit using Monte -Carlo method and neural network 

analysis 
 

The op amp (operational amplifier) is a high gain, dc coupled amplifier designed to be used with negative feedback to precisely 

define a closed loop transfer function.  

 

The basic requirements for an op amp:  

• Sufficiently large gain (the accuracy of the signal processing determines this)  

• Differential inputs  

• Frequency characteristics that permit stable operation when negative feedback is applied. 

Other requirements:  

• High input impedance  

• Low output impedance  

• High speed/frequency 
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Fig. CMOS operational amplifier circuit 

 

VI. CONCLUSION 

A new method is developed for testing the analog circuit. In this paper we used advantages of Monte Carlo technique and neural 

network to testing the analog circuit. A new method based on application of ramp voltage as supply voltage and classification of 

supply current patterns has been described. The modular neural network is used in the paper is more sensitive to the transition 

region of supply voltage. The conclusion of the paper is training time consuming is less and easy and accurate. Further, more 

improvement is needed to detect the faults of analog circuit. 
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