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ABSTRACT

The analog and mixed signal circuits are embedded system—on—chip.The integrated
circuit (1C) fabrication involves several process The imperfection in any of these
fabrication process affects the performance of the mixed signal cireuits, since these
circuits are very sensitive.testing assures the product flawless and iMproves the quality of
the product. the test methodolgies for digital circuits are well developed compared to the
analog circuits. the test methods for analog circuits includes design for testability

(aft),built in self test(bist),oscillation based built in self test(obist).

Dft adds testability feature to the circuit. It involves expensive test equipment
which produce long test time thereby increase the test cost. test programmes are executed
in automatic test equipment. bist makes the electrical testing of a chip casier, faster and
more efficient. it reduces the dependence on external automated test equipment which
produce less test cost and test time is reduced as more structures can be simulated in
parallel .obist is a defect identifying technique which does not require stimulus generators
and minimize the external test pins thereby enhancing the observability of the faults and

controllability of the test procedure.

Through the DE VOLPMENT OF TEST STRATERGY FOR ANALOG
CIRCUITS, it is planned to obtain an efficient fault coverage for the circuit under
test{CUT).The CUT is converted into an oscillator and simulated to obtain a fault free test
parameters. The faults are injected for the same CUT and simulated to obtain faulty test
parameters. The fault is detected by comparing the two test parameters and the fault

coverage 1s calculated. The circuit is simulated using TANNER software.
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CHAPTER 1

INTRODUCTION

With the growing use of analog circuits in commercial mixed-signal integrated
circuits and system, testing of analog integrated circuits 18 considered as one of the most
jmportant problems in analog and mixed-signal integrated circuit design. Analog circuits
have traditionally been tested for critical specifications. The performance of mixed signal
1Cs will be greatly degraded, since these circuits are very sensitive to even small
imperfections in any step of the fabrication process. In the digital circuit domain,
however, some of these faults may be rather unimportant, but in mixed-signal circutts,
impetfection in the form of small capacitance between the traces can present a significant
circuit-parameter variation, thereby changing the circuit behavior drastically. 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.

The test methodologies for digital devices are already well developed compared to
analog-test methods are still 50 underdeveloped due to the lack of accepted test principle
such as standard fault model for analog components. Almost all the digital test techniques
are based on single stuck-fault model, and the test generation algorithms are evaluated by
their fault coverage. The main sources of test difficulties in digital and analog circuits are
also different; for example, the size and complexity in digital circuits remain a measure of
test difficulty, whereas in analog and mixed-signal circuits, the behaviors 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 fauli-free and

faulty circuit, resulting in uncertainty of quantification of the product yield.



1.1 OVERVIEW OF THE PROJECT

The oscillation based built in self test is able to operate without a test stimulus
generator .This test allows several parts of the chip to be tested in parallel, thereby
reducing the required testing time. It enhances the observability of the faults and
controllability of test procedure. This effective testing methodology 18 incorporated in this
project the circuit is converted into oscillator and simulated for fault free condition .The
faults such as stuck open and stuck short are injected in the circuit under test and
simulated for faulty condition. The deviations in the test observables such as oscillation

frequency and output voltage are used to calculate the fault coverage.

1.2 TESTING METHODOLOGY

The proposed test methodology shown in Fig. 1.1 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 by adding the proper circuitry in order to achieve sustained oscillation
and the oscillation parameters are evaluated. The oscillation parameters can be the
frequency, output voltage amplitude, distortion, or dc level of the output signal. 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 causc oscillation. The faulty circuit is detected
from a deviation of its oscillation parameters with respect to the oscillation parameters
under fault-free conditions if the oscillation frequency lies close to the nominal frequency

range, the CUT is accepted to be fault-free.
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FIGURE 1.1 BLOCK DIAGRAM OF THE PROPOSED TEST STRATERGY

1.3 ADVANTAGES OF OBIST

The OBT is an analog and mixed-signal testing technique which can be used
conventional off-line testing or as the core of the so-called OSCILLATION BASED
BUILT IN SELF TEST (OBIST).In high complexity analog and mixed-signal systems,
where the accessibility to the system internal nodes 1s critically restricted and where
there is a extremely limited number of test pins, the best option 1s to implement OBT by
means of a BIST approach. Therefore, an OBIST would allow not only t0 minimize the
number of external test pins, but also to enhance the observability of the faults and the

controllability of the test procedure. The main objectives:

% An on-chip stimulus generation.
% An on-chip control of the test strategy (test circuitry, test configurations,

test facilities, etc).

Many BIST structures need specific test stimulus generators. But, the
implementation of an on chip stimulus generator normally requires a note worthy
investment in hardware. [t becomes very critical in some Cases, not only because of the
involved additional area which can increase significantly the production cost, but also

s 1< thic technigue 1s



lication and response verification are all accomplished

OBIST, test generation, test app
e tested in parallel,

allows different parts of a chip to b

through built-in hardware, which
g time, besides eliminating the neces

thereby reducing the required testin sity for external
f the CUT for

test equipment. This method does
used at all levels of testing.

not require extensive modifications ©

testing. It can be

1.4 SOFTWARE USED

% Tanner Tool.

» Technology Used = 0.25pm

1.5 CHAPTER ORGANIZATION

In the following chapters, the methodology, circuit design In normal and

oscillation mode 1s presented. Simulation results are discussed.

ture and operation of 2 CMOS inverter. It also explains

Chapter2 Explains the basic struc

the methodology for oscillation t

injecting the faults. The functionality

esting, converting the CUT into an oscillator and

test for a CMOS nverter is also presented.

Chapter 3 Explains the basic structure and operation of a MOS amplifier with series
obtaining the frequency response in fault free

t feedback. The circuit is tested by

shun
the deviatio

condition and by injecting faults n in the response 18 studied.

al mode is tested for the specification

The two stage op amp in norm
lated for fault free condition and the stuck

parameters.The voltage follower circuit is simu

short fault is injected and the deviation in the parameters are observed.

Chapter 4 Provides a conclusion and future scope of the work presented.

C e presents the MOS model parameters used for the design.



CHAPTER 2

DESIGN FOR TEST OF A CMOS INVERTER IN OSCILLATION
MODE

2.1 CMOS INVERTER

CMOS inverter is a device that is capable of producing logic functions and is the
primary component of all integrated circuits. CMOS inverters also produce very little heat
dissipation, making them highly efficient and resulting in very little power consumption.
Additionally, CMOS inverters have high noise immunity and block both incoming and
outgoing frequency spikes, and are inexpensive to produce. The functionality of the
CMOS inverter is tested. The CMOS inverter is designed in standard .25um CMOS
technology.

72.1.1 CMOS INVERTER IN OSCILLATION MODE

The n-channel MOS (NMOS) and p-channel MOS (PMOS) complementary
transistors pair forms a CMOS inverter, with the transistor gates connected together as
input and drains connected together as an output. To obtain the symmetric characteristics,
it is necessary to make the PMOS device wider than NMOS such that the threshold
voltage becomes Vec/2. To oscillate the CMOS inverter circuit (Fig 2.1), CMOS astable-
oscillator concepts are employed. The resistor R1 connects the output of the CMOS
inverter (CUT, in this case) to its input and thus acts as dc negative feedback. The output
of the CUT is connected to the input of another inverter U1 directly. The output of Ul is
connected to the input of the CUT through a capacitor. This provides positive ac
feedback. It is considered that the input of the CUT is zero; then, the output of the
inverter U1 is low, and there is no charge stored in the capacitor. The capacitor begins to
charge through the resistor R1, since the input impedance of the CMOS inverter 18 quite
large As soon as the capacitor voltage exceeds the threshold voltage of the CUT, Vth(Vth

v vt 1 e om0 a1t AF T T hecatmec h]gh



The voltage across a capacitor s continuous; therefore, the voltage difference
between the two sides of the capacitor must remain at Vee/2. That means, when one side
of the capacitor jumps to Vec from zero, the other side must jump to 3Vee/2. The voltage
Vec/2 appears on common node of R1 and C1, whereas the other node of R1 is zero SO
that the capacitor starts to discharge through R1. As soon as the voltage across R1 reaches
the threshold voltage Vih, the output of the CUT (ransits to Vee, and the output of the
inverter Ulgoes to zero. The voltage at the common node of R1 and Cl is then pulled to
—Vec/2. Thus, the capacitor Cl starts to charge toward Vee.The cycle continues to
produce a square-wave output. The oscillation frequency of the simulated circuit is

obtained as fosc= 86.95Hz.
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FIGURE 2.1 CMOS INVERTER IN OSCILLATION MODE.

2.1.2 FREQUENCY DETERMINATION

The frequency of oscillation can be determined as follows:
During the time interval t1, when the output is low, the voltage across the capacitor

C1(vc) rises from —Vee /2 to Vth. Qubstituting ve = Vth = Vec/2 at t = t1 results in



Also, during the time interval t2 when the output is high, vc falls from 3Vee/2 to Vth. The
exponential fall of vc can be described by
ve =3Vec/2e—t2/R1C1.
Substituting ve = Vth = Vec/2 at t = t2 results in
T2 =RICl In 3.
The period of output T can be achieved by summing tl and t2 as
T=tl +12
T=2RI1C1 In3=2.2R1Cl.
The frequency of the oscillation is given by
fosc = 1/2.2R1C1L.
By choosing R1 = 500 kQ, Cl = 10 nF, and R2 =5 M, the oscillation frequency is
calculated as

fosc = 90.9 Hz.

2.1.3 FAULT MODELS

Faults cccurring in analog circuits can be categorized in two types: hard faults and
soft faults. Hard faults or catastrophic faults are those faults that cause the circuit
performance to differ catastrophically from normal conditions. Catastrophic fault model
is the same as stuck-fault model used in the digital test domain where cvery component
can be ejther stuck-open or stuck-short. Stuck-open fault results when the terminal of an
analog circuit component is not connected to the rest of the circuit, while stuck-short fault
occurs when a short is created between the terminals of a component. On the other hand,
soft or parametric faults refer to changes in a circuit that do not affect its connectivity,
resulting in circuit functions out of specifications. The parametric faults can be modeled
as variations of component parameters that are beyond their tolerance limits. The
catastrophic faults are considered for the CMOS inverter. The standard fault models for
capacitors, resistors, and MOS field-effect transistors (MOSFETSs), are shown in the fig
2.2 where the parallel resistor Rp is 10 Q that emulates stuck-short fault and that of the

series resistor Rs is 100 M@ that emulates stuck-open fault.
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FIGURE 2.2 FAULT MODELS FOR PMOS AND NMOS TRANSISTORS OF
INVERTER

2.1.4 STUCK OPEN FAULT

The circuit for testing stuck open fault of PMOS transistor Qp and NMOS
transistor Qn is shown in the Fig 2.3 and Fig 2.4. The scries resistor Rs of 100 MQ is
connected in series with Qp and Qn. Assuming that the input of Ul is +5 V, its output
will be zero. First the capacitor C1 will start to charge through R1 until the gate voltage of
Qn becomes more than Vth (threshold voltage of Qn), or Vgs 'th. Therefore, Qn will
operate, and Vds of Qn will be zero from Vds = Vgs — Vth. Then, the output of Ul will
turn high (+5 V) and stay high, since the drain of Qp has been disconnected and has no

influence on the output of Qn. The similar operation is carried for stuck open Qn .
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FIGURE 2.4 OSCILLATOR WITH STUCK-OPEN Qn.

2.1.5 STUCK SHORT FAULT

The circuit for testing stuck short fault of PMOS transistor Qp is shown in the
figure 2.13.1. The parallel resistor Rp of 10 is connected in parallel with Qp and Qn. This
resistor causes a short between the drain of the PMOS and NMOS. Since the input of Ul

is shorted to Vee, the output will always be zero.
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FIGURE 2.5 OSCILLATOR WITH STUCK-SHORT Q».
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TABLE 2.1 OSCILLATION PARAMETERS OF THE FAULT MODELS



2.2 SIMULATION RESULTS
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FIGURE 2.7 SIMULATION RESULT FUNCTIONALITY TEST FOR CMOS
INVERTER

The input voltage of 5V is applied such that the output obtained is an inverted
e of 5V.




2.2.2 FAULT FREE CMOS INVERTER IN OSCILLATION MODE
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FIGURE 2.8 SIMULATION RESULT FOR FAULT FREE CMOS INVERTER

The fault free CMOS inveter produces a square wave output.The oscillation

frequency of the simulated circuit is obatained as fosc = 100Hz which matches with the

theoretical frequency of 90.9Hz.



2.2.3 STUCK OPEN FAULT IN Qp
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FIGURE 2.9 SIMULATION RESULT FOR STUCK OPEN FAULT Qg

Stuck open fault in Qp transistor makes the output to stay always high.



2.2.4 STUCK SHORT FAULT IN Qn
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FIGURE 2.10 SIMULATION RESULT FOR STUCK SHORT FAULT Qx

Stuck short fault in Qn transistor makes the output to stay always high.

In the similar manner stuck short fault in Qp and stuck open fault in Qn is tested

and the output remains in zero volts.



CHAPTER 3

DESIGN FOR TEST FOR AN AMPLIFIER CIRCUIT

3.1 MOSFET SERIES SHUNT FEEDBACK AMPLIFIER

The series-shunt feedback means, the feedback signal is a voltage which is added
in series with the input voltage and it is derived in parallel to the load impedance.The
series feedback is used to improve the input return loss of low noise amplifiers and in
paralle] feedback path is introduced between the output and the input,parallel to the
signal. The feedback signal must have a high-pass characteristic, because the DC potential

at the gate and drain terminals of a FET are never equal.

FIGURE 3.1 MOSFET SERIES SHUNT FEEDBACK AMPLIFIER



Frequency Response

The frequency response of any circuit is the plot of magnitude of the gain in
decibels (dB) as a function of the frequency of the input signal. The voltage gain of an
amplifier expressed in dB is 20 logiolG|, where G = V,/Vin for voltage gain. The
modified frequency response after injecting stuck short fault for the MOSFET amplifier is

shown in fig 3.3.
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FIGURE 3.2 SIMULATION RESULT FOR FREQUENCY RESPONSE OF
MOSFET AMPLIFIER

The fault free mosfet amplifier is simulated and the gain is obtained as 49db.
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FIGURE 3.3 SIMULATION RESULT FOR FREQUENCY RESPONSE OF
STUCK SHORT FAULT

The struck short fault is injected in the mosfet amplifier such that there is a drop
in the gain.



3.2 CMOS OPERATIONAL AMPLIFIER

An ideal op-amp with a single-ended output has a differential input, infinite
voltage gain, infinite input impedance and zero output impedance. Figure 2.3 shows the
circuit diagram of a two-stage, intemnally compensated CMOS amplifier used for the
testing. The circuit provides good voltage gain, a good common-mode range and good
output swing. Before the analysis of the op-amp is done, some of the basic principles
behind the working of MOS transistors are reviewed. The first stage in Fig. 2.3 consists of
a p-channel differential pair M1-M2 with an n-channel current mirror load M3-M4 and a
p-channel tail current source M5.The second stage consists of an n-channel common-
source amplifier M6 with a p-channel current-source load M7. The high output
resistances of these two transistors equate to a relatively large gain for this stage and an
overall moderate gain for the complete amplifier. Because the op-amp inputs are
connected to the gates of MOS transistors, the input resistance is essentially infinite when
the amplifier is used in internal applications. The compensation capacitance and resistor
are added to provide a better gain. The specification test  is performed determining the
gain, unity gain frequency and slew rate for op amp through simulation and the obtain
results are tabulated. The voltage follower operation is also tested with and without fault

and the results shown in fig 3.5 and 3.6.

Parameter Theoretical value Simulated value
Gain in dB 80 dB 75 dB
Unity gain frequency in 20 MHz 6 MHz
MHz
Slew rate in V/u sec 10 V/p sec 9.6 V/u sec

TABLE 3.1 SPECIFICATION TEST PARAMETERS FOR CMOS OP AMP
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The stuck short fault is injected in the circuit which causes the output voltage drop

to a constant value of .25V



CHAPTER 4

CONCLUSION AND FUTURE SCOPE

This project presents a testing methodology for analog and mixed signal
circuits. The oscillation based built in self test is implemented for a CMOS inverter.The
circuit is simulated for fault free and faulty condition.The parameters such as oscillation

frequency and cutput voltage are observedfor both fault and free condition.

The similar work is carried out for a mosfet amplifier 1n which the frequency
response 1s performed In normal mode. The stuck short fault is injected and the

deviation in the frequency response is observed.

The specification test is performed in the two stage CMOS opamp and the
parameters such as frequncy response,unity gain,gain in dB and slew rate arc
calculated. The fault free voltage follower is simulated and the stuck short faults are

injected and the deviaions are observed.

Future scope

Oscillation based built 1n testing is to be carried out for the two stage CMOS
operational amplifier. The faults such as stuck open and stuck short can be injected nto
the circuit and simulated for faulty condition. The deviations in the parameters such as
oscillation frequency and output voltage are to be determined. Fault coverage can be

estimated as the ratio of fault identified to the total number of faults injected.
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