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Abstract 
This paper work aims to describe the fundamentals of analog testing methods to analyze the difficulties of analog testing and to 
develop an approach to test the analog components in a mixed signal circuit environment. To test analog circuit, oscillation based 
built-in self-test (OBIST) methodology is used. The proposed OBIST structure is utilized for on-chip generation of oscillatory 
responses corresponding to the analog circuit components. A major advantage of the OBIST method is that it does not require 
stimulus generators or complex response analyzers, which makes it suitable for testing analog circuits in mixed-signal system-on-
chip (SOC) environments. The proposed test method takes the advantage of good fault coverage through the use of a simple 
oscillation based test technique, which needs no test signal generation and combines it with quiescent supply current (IDDQ) 
testing to provide a fault confirmation. Simulation results on sample analog circuit are provided to demonstrate the feasibility, 
usefulness, and relevance of the proposed implementations. 
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1. INTRODUCTION 
Testing is a critical technology in the semiconductor production process. IC test is used for debugging, diagnosing and 
repairing the sub-assemblies in their new environment. The test should be designed to indicate the desired perfection. The 
objective is to realize through detailed testing, that the manufactured products are free from defects [1]. It may ultimately 
help in increasing the product yield and reducing the product cost. The broad specifications of analog circuits require 
detailed and long performance tests. This results in lengthy time consuming and very expensive test procedures. These 
factors have resulted in ample research being channeled in the direction of mixed signal testing. The applications of 
analog and mixed-signal, embedded-core-based, system-on-chip in recent years have motivated system designers and test 
engineers to direct their research to develop methodologies in effective very large-scale integrated circuits and systems 
testing. Mixed signal hardware systems have digital cores, very often interconnected with analog filters, analog and 
digital converters for digital processing. Testing is done to detect defects and to determine the root cause of the defects 
[2].  
The main sources of test difficulties in digital and analog circuits are also different. The size and complexity in digital 
circuits remain a measure of test difficulty whereas in analog and mixed-signal circuits, the behavior of circuit signals are 
much more important than circuit sizes. A major problem in the analog and mixed-signal-circuit testing is in defining the 
line of demarcation between a fault-free and faulty circuit, which leads to uncertainty in quantification of the product 
yield [3]. In mixed signal circuits, imperfection in the form of small capacitance like parasitic between the traces, produce 
a significant parameter variation altering the circuit behavior. An important objective to realize through detailed testing is 
to ensure that the manufactured products are free from defects and to simultaneously guarantee that they meet all the 
required specifications. Besides, the information that may be acquired through the process may ultimately help in 
increasing the product yield, thereby reducing the product cost. Imperfections may eventually lead to failures in the 
operation of the individual ICs. Specifically, the performance of mixed-signal ICs will be greatly degraded, since these 
circuits are very sensitive to even small imperfections [1]. Imperfection in the form of small capacitance between the 
traces can present a significant circuit-parameter variation, thereby changing the circuit behavior drastically. That is why 
every IC must be very rigorously tested before being shipped to their customers. The testing improves the overall quality 
of the final product, although it has no effect on the ICs’ manufacturing excellence. Furthermore, the testing assures the 
product flawlessness when implemented during the key phases of a product development. Besides, it can also be a strategy 
for validating the design and checking processes [4].  

Fault Testing of Analog Circuits Using 
Combination of Oscillation Based Built-In Self-

Test and Quiescent Power Supply Current 
Testing Method 

 
Ms. Harshal Meharkure1 , Mr. Swapnil Gourkar2  

 

1Lecturer, Department of Industrial Electronics, Shree Ram Polytechnic, Airoli, Navi Mumbai, Mumbai University 
 

2Lecturer, Department of Electronics Engineering, Pillai Institute of Information Technology, New Panvel, 
Mumbai University 

 
2Lecturer, Shree Ram Polytechnic, Airoli, Navi Mumbai, Mumbai University 

 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 12, December 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 12, December 2013 Page 453 
 

Fault models from the digital domain, like stuck-at faults, stuck short, stuck open, bridging faults, digital Design-for-test 
(DFT) and test techniques cannot be directly extended to analog circuits. Typically, analog circuits are tested by verifying 
against specifications. Test inputs can be generated easily for this straightforward method. Analog circuits have detailed, 
extensive specifications. Checking all the specifications is time consuming and expensive. Analog circuit signal 
monitoring is reduced in a mixed signal system. Since the testing of mixed signal circuit is complex, some effort is to be 
taken to lower the cost of test, particularly for the analog portions of mixed signal circuits. Almost every mixed-signal 
integrated system contains circuits such as operational amplifiers, filters, oscillators, PLLs, etc [5].  
In this project, an approach to develop a test methodology based on oscillation based built-in self-test is proposed and this 
method is combined with a quiescent power supply current testing method to improve the fault coverage. During the test 
mode, Circuit-under-test (CUTs) could be transformed to an oscillator so as to make it testable by connecting some 
additional circuitry (a feedback network). On the other hand, quiescent current (IDDQ) testing is a cost-effective test 
method to identify defects, which cannot be identified by conventional functional tests and cannot be modeled by classical 
fault models. IDDQ testing refers to the integrated circuit (IC) testing method based upon measurement of steady state 
power supply current [2]. IDDQ stands for quiescent IDD, or quiescent power-supply current. The quiescent current 
testing has proved to be very efficient for improving test quality of analog circuits. The test methodology based on the 
observation of the quiescent current on power supply buses allows a good coverage of physical defects such as gate-oxide 
shorts, floating gates and bridging faults. 
 
2. PROBLEM STATEMENT OF TESTING 
As the demand for electronic circuits and systems in modern technology increases, both their scale and complexity grow 
rapidly. The phenomenal development of electronic systems would not have been possible without the advances in large 
scale and very large scale integration (LSI/VLSI) in semiconductor circuit technologies. Large analog or integrated 
analog and digital circuits are applied to many fields such as medical technology, neural networks and space technology. 
With the growth in significance of electronic systems, availability, reliability and cost effectiveness become the main 
characteristics of quality. Therefore, in order to achieve the desired quality, product testing is of the utmost importance. 
Testing, generally speaking, means examination of a product, to ensure that it functions and exhibits the properties and 
capabilities for which it was designed. The main purpose of testing is to detect malfunctions and locate their cause so that 
they can be eliminated. The quality of a test system can be evaluated on the basis of its availability, reliability and cost-
effectiveness. For large scale circuits and systems, testing is not only important but also complex, difficult and costly. It is 
difficult to gain access to different subsystems for functional testing. It is costly to analyze test results since the 
computations increase with the cube of the system size. Therefore, in order to meet the needs of modern technology, a 
reliable and cost-efficient automatic test system for large scale electronic circuits should be developed. 
Electronic circuit testing can be broadly classified into digital circuit testing and analog circuit testing. Digital circuit 
testing has developed quite rapidly in recent years. Excellent research results have contributed substantially to this 
advancement. Testing of analog circuits is more difficult than that of digital circuits because of the following reasons:  
1. Analog circuits do not have precise accept/reject criteria in terms of clearly defined thresholds.  
2. Analog components do not have good fault models like the stuck-at or stuck-open models widely accepted in digital 
testing.  
3. Element tolerances and signal noise increase the difficulty of analog testing.  
In an electronic system, digital circuits and analog circuits are interfaced through interacting circuits such as sensors, 
transducers and other forms of converters (e.g., A/D and D/A converters). These circuits are called mixed-mode (digital/ 
analog) circuits. Testing of mixed-mode circuits has been attracting the interest of researchers in the past few years. Thus, 
testing of analog and mixed-mode circuits is a very important and challenging task. 
 
3. METHODOLOGY 
The proposed test methodology consists of first partitioning the analog /mixed-signal integrated circuit into functional 
building blocks such as amplifier, comparator, filter, and data converter and then converting each building block into an 
oscillating circuit. In order to implement OTM for the amplifier, it is converted into an oscillator using a simple first-
order derivation feedback circuit. The circuit’s output is connected to its input via a passive and/or active analog circuit 
such that, the loop’s overall gain and phase cause oscillation. The output oscillation frequency from the amplifier is 
measured and is compared with the nominal oscillation frequency of the fault free circuit. If the oscillation frequency lies 
close to the nominal frequency range, the CUT is accepted to be fault-free. The faults that result in loss in oscillation 
frequency are then diagnosed through IDDQ testing in a second phase. 
3.1 General BIST Environment 
It is a design process that provides the capability of solving many of the problems encountered in testing analog, 
mixed-signal or digital systems. Test generation, test application and response verification is through Built-in 
hardware. It allows different parts of the chip tested in parallel thereby reducing the required testing time [1]. It 
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eliminates the necessity for external test equipment. BIST circuitry is located in the digital portion of the mixed-signal 
circuitry to minimize area overhead. The basic principle of BIST is explained in the Fig.1. 

  
Figure 1 BIST Environment 

 
A built-in self-test (BIST) or built-in test is a mechanism that permits a machine to test itself. Engineers design 
BISTs which ensure high reliability and reduced repair cycles. In integrated circuits, BIST is used to make faster, 
less-expensive manufacturing tests. The IC has a function that verifies all or a portion of the internal functionality 
of the IC. A BIST mechanism is provided in advanced field bus systems to verify its functionality. It reduces test-cycle 
duration. 
3.2  Building an Oscillator 
The way to design a sinusoidal oscillator from the transfer function is to connect the output terminal of the filter to the 
input terminal. The basic requirements for oscillation are a signal feedback from the output to the input of proper 
phase and sufficient amplitude. The design equations of an oscillator are determined by analyzing the denominator 
of the transfer equation of the circuit. The poles of the denominator of the characteristic equation determine the time-
domain behavior and stability of the system. The magnitude and phase equations of an oscillator must also be analyzed. 
If the magnitude of the loop-gain is greater than one and the phase is zero, the amplitude of oscillation will increase 
exponentially. The process of building general oscillators is different than that of building oscillators for testing 
purposes. In designing general oscillators, well-defined, stable oscillation frequency and amplitude are required. But an 
oscillator that is built from conversion of CUT is designed such that the variation of the components in CUT can 
be detected by measuring the oscillation frequency and amplitude. 
3.3 Fault Models 
Fault models for analog and mixed signal circuits can be classified into two categories. They are hard faults and 
parametric faults. A catastrophic fault is analogous to the stuck-at fault model in the digital domain where the 
terminals of the component can be stuck open or stuck-short. Parametric faults are deviations in component 
parameters that cause performance overshoot beyond acceptable limits. It is caused by statistical fluctuations in 
the manufacturing process. Catastrophic faults are introduced by random defects and results in failures in 
components. For example, dust particles on a photolithographic mask can cause either short or open in circuits or it 
may create large deviations of CUT parameters such as aspect ratio, threshold voltage change in a MOS transistor. 
These faults can be modeled as below in Fig.2. Stuck open faults are hard faults in which the component terminals are 
out of contact with the rest of the circuit. These faults can be simulated by adding high resistance in series. A Stuck- 
short fault is a short between the terminals of the component. 

 
Figure 2 Stuck-open and Stuck-short fault models for capacitor, resistor and MOSFET 

 
3.4 Concept of OBIST Strategy 
A complex analog circuit is portioned into functional building blocks such as op-amps, filters, comparators, PLL etc. 
or a combination of these blocks. Each building block is converted into an oscillator by adding the proper circuitry in 
order to achieve sustained oscillation. The oscillation parameters are then evaluated. A faulty circuit is detected from 
a deviation of its oscillation parameters under fault free conditions. The oscillation parameters are independent of the 
CUT type and analog testing. The block diagram of OBIST strategy is explained in Fig .3. 
 

STIMULUS CUT RESPONSE 

TEST CONTROLLER 
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       Figure 3 Block Diagram of OBIST Strategy 

 
Several fault-based test strategies have been proposed in the literature for testing analog and mixed-signal circuits. The 
OBIST deserves special mention because it is conceptually simple and does not require extensive modifications of the 
CUT for testing [1]. The oscillation-based-test (OBT) strategy is a defect-oriented technique and can be applied either 
for online or for offline testing. In this test method, there is no need for either test generators or test 
specifications, which are very costly. 
 
3.5 Test Procedure 
Purely analog ICs, unlike digital ICs, usually consist of relatively few circuit primitives such as amplifiers, 
comparators, etc., but many parameters must be considered for test. The test parameters are specified by designers and 
can be gain, offset voltage, slew rate, signal-to-noise ratio, bandwidth, and so on. In the application of the testing 
procedure proposed in this project, stuck-open and stuck-short faults are first injected at the circuit level. By using 
the simulation software, the transient response is then evaluated, and frequency and output voltage are measured. Fig. 4 
gives a flow chart representation of the test procedure based on OBIST approach. 

 
Figure 4 Test procedure based on OBIST approach 

 
The procedure is such that a complex analog circuit is partitioned into functional building blocks, such           as, 
operational amplifiers (Op- Amps), comparators, filters, PLLs, and  so on,  or a combination of these blocks. 
Then, each building block is converted into an oscillator by adding the proper circuitry in order to achieve 
sustained oscillation; the oscillation parameters are evaluated next. A faulty circuit is detected from a deviation of 
its oscillation parameters with respect to the oscillation parameters under fault-free conditions. In view of the fact that 
oscillation parameters are independent of the CUT type, analog testing can be standardized. The oscillation 
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parameters can be the frequency, amplitude, distortion, or dc level of the output signal. Although this method provides 
high fault coverage by considering only the oscillation frequency, there may be some faults that may not be correlated 
with the frequency. In such cases, other test parameters have to be taken into consideration. For example, the fault 
coverage is improved by monitoring the supply current in addition to the oscillation frequency and output voltage.  
 
3.6 Quiescent Power Supply Current (IDDQ) Testing 
IDDQ testing is a method for testing CMOS integrated circuits for the presence of manufacturing faults. It relies on 
measuring the supply current (IDD) in the quiescent state (when the circuit is not switching and inputs are held at static 
values). The current consumed in the state is commonly called IDDQ for IDD (quiescent) and hence the name. IDDQ testing 
uses the principle that in a correctly operating quiescent CMOS digital circuit, there is no static current path between the 
power supply and ground, except for a small amount of leakage. Many common semiconductor manufacturing faults will 
cause the current to increase by orders of magnitude, which can be easily detected. This has the advantage of checking the 
chip for many possible faults with one measurement. Another advantage is that it may catch faults that are not found by 
conventional methods. 
 
4. SIMULATION RESULTS OF OBIST METHOD 
In order to test any circuit with oscillation based method, first the circuit under test must be converted to an oscillator 
by adding extra circuitry as a feedback. If the circuit is faulty, converted circuit either won’t oscillate or the response 
parameters of oscillation will differ from fault free condition. The proposed OBIST methodology for testing of analog 
VLSI circuits is explained by considering an example of NOTCH Filter. 
 

 
Figure 5 Notch Filter                                      Figure 6 Notch Filter as an oscillator 

 
Figure 7 Oscillations of a fault-free circuit             Figure 8 Output of the circuit when R1 is short 

 

 
      Figure 9 Output of the circuit when C2 is open       Figure 10 Output of the circuit when non-inverting 
                                                                                                input of Op-amp is Stuck to ground 
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 Figure 11 Output of the circuit when inverting input of            Figure 12 Output of the circuit when inverting input     
 Op-amp is Stuck to high voltage                                               of Op-amp is Stuck to ground 
 

 
                       Figure 13 Circuit for comparing the oscillation parameters of CUT and fault-free circuit 
 
Number of pulses of the oscillations is considered as an oscillation parameter for comparison. Outputs of the CUT and the 
fault free circuit are given to the counters which count the number of pulses and give the output in the form of binary 
numbers. Outputs of the counters are given to comparator which compares the outputs of two counters i.e. number of 
pulses of outputs of CUT and fault free circuit. If both the output matches then only the CUT is fault-free otherwise it is 
faulty. 
 
5. QUIESCENT POWER SUPPLY CURRENT (IDDQ) TESTING METHOD 
IDDQ stands for quiescent IDD, or quiescent power-supply current. IDDQ testing of CMOS ICs is shown very efficient 
for improving test quality. The test methodology based on the observation of quiescent current on power supply lines 
allows a good coverage of physical defects which are not very well modeled by the classic fault models, or undetectable by 
conventional logic tests. It has been recognized as the single most sensitive test method to detect IC defects. The major 
advantage of current-based testing is that it does not require propagation of a fault effect to be observed at the output; it 
requires only exercising the fault model and then measuring the current from the power supply. The fault effect 
observance is the measurement of current, and the detection criteria are the current flow value exceeding some threshold 
limit. The current passing through the VDD or GND terminals is monitored during the application of an input stimulus. 
In the quiescent state the circuit draws a very low current (micro-amp levels); for certain input states this current may 
raise to an abnormal level due to the presence of defects. IDDQ testing has been used to complement the high fault coverage 
achieved by oscillation testing and to provide fault confirmation. 
 
 Advantages of Combined Oscillation and IDDQ Testing 
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Current testing also is an invaluable tool for detecting faults in devices that contain both analog and digital functions on a 
single substrate. On the other hand oscillation testing combines the advantages of a vector less test, simple signal analysis 
procedure, functional as well as defect-oriented testability, cost effectiveness, easy implementation and applicability to 
large class of mixed-signal circuits. In addition, faults which would have negligible effect on the supply current could be 
monitored for deviation from oscillation frequency, resulting in high fault coverage.  
Moreover, the oscillation frequency may be considered as a digital signal and therefore can be evaluated using a pure 
digital circuitry. These characteristics imply that the oscillation-test strategy is very attractive for wafer-probe testing as 
well as final production testing. 
 
6. SIMULATION RESULTS OF IDDQ TESTING METHOD 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
             Figure 14 IDDQ waveform of fault-free circuit                      Figure 15 IDDQ waveform of faulty circuit                      
                            (when R1 is open or when R4 is short) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16 IDDQ waveform of faulty circuit (When C2 is short)            Figure 17 IDDQ waveform of faulty circuit 
                                              (When R3 is open) 

Table 1: Fault Table 
                          

Sr. 
No. Fault Status 

1 R1 Short Detected 
2 R1 Open Detected 
3 R2  Short Detected 
4 R2 Open Detected 
5 R3  Short Detected 
6 R3 Open Detected 
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7 R4 Short Detected 
8 R4 Open Detected 
9 R5 Short Detected 
10 R5 Open Detected 
11 C1 Short Detected 
12 C1 Open Detected 
13 C2 Short Detected 
14 C2 Open Detected 
15 C3 Short Detected 
16 C3 Open Detected 
17 Non-inverting input of Op-amp is Stuck to ground Detected 
18 Non-inverting input of Op-amp is Stuck to high voltage Detected 
19 Inverting input of  Op-amp is Stuck to ground Detected 
20 Inverting input of Op-amp is Stuck to high voltage Detected 
21 C2 short with R3 Detected 
22 R1 short with Non-inverting input Detected 

 

 
                                          Figure 16 Graph showing the fault coverage of proposed method 
 
7. CONCLUSION 
The OBIST method has been effectively employed in testing analog circuits. This built-in hardware approach has proven 
to be one of the most reliable methods. This oscillation based technique is implemented where the hard and parametric 
fault models are defined for fault coverage evaluation. The complexity of the proposed method is very less as the output 
pulses are used as oscillating parameter for the comparison of faulty circuit with fault-free circuit. By using the 
combination of OBIST method and IDDQ testing the fault coverage has been improved.  
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