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ABSTRACT

This paper describes a test method for analog and mixed
signal device at very low cost and it’s based on OBIST
(oscillation test) method. This method is built-in self test
method appropriate for functional and structural testing of
analog and mixed signal circuit. In test mode, the test circuit
is converted into an oscillator. Then faults inside the test
circuit that cause an affordable deviation of the oscillation
frequency from its value are detected. Through this test
method, no test vector is required to apply. Therefore in this
test technique, the test vector generation drawbacks are
eliminated and also the test time is reduced because limited
number of oscillation frequencies is evaluated for each test
circuit. This characteristic implies that Oscillation-test
methodology is very attractive for further wafer-probe testing
as final production testing. During this paper, the simulation
results of this test method has been provided and verified
throughout some examples like CMOS inverter and FET
(field effect transistor).
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1. INTRODUCTION

The development of mixed signal integrated circuit
technology in System on Chips (SOCs) and market
requirements have motivated the system designers and the test
engineers to shift their research direction in this particular
area of very large-scale integrated circuits and develop system
specifically for effective test methods. Analog testing is
considered as the most significant drawback in analog and
mixed signal device and is also a challenging task. The main
sources of test difficulties in digital and analog circuits are
totally 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 area unit
is far more necessary than the circuit sizes. A significant
downside within the analog and mixed-signal-circuit testing is
in defining the line of demarcation between a fault-free and
faulty circuit, which results in uncertainty in quantification of
the product yield. In the part of digital circuits, some
imperfectness area unit is unimportant, but within the mixed
signal analog circuits, small imperfections such as small
capacitance between the traces can present a major circuit’s
component which can change the circuit’s performance.
Testing ensures the quality of product when it is implemented
during key phases of product development. Testing for analog
circuits is often accomplished using, functional testing, DC
testing, power supply current monitoring and Digital Signal
Processing (DSP) techniques. Several Design for Testability
(DFT) techniques are developing to extend the testability and
controllability while to reduce the number of test problems,
test buses and scan chain methods are also used [1]. But the
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above techniques strongly depend on the selection of suitable
test vectors. When the complexity of the circuit under test
increases, the problem of generating the optimal test vectors
assuring the high faults coverage becomes critical. Therefore
the test outcome will be incorrect and production yield will be
decreased. Furthermore, the process of choosing a suitable
form of excitation signals and results analysis is time intense.
Built-in self-test technique based on the existing test methods
require the use of specialized input stimuli generation and
output analysis hardware which introduces a major space
overhead. BIST is a design process that provides the
capability of solving many of the problems otherwise they can
be encountered in testing analog, mixed-signal or digital
systems. In BIST, test generation, test application and
response verification are all calculated through built-in
hardware that permits the different part of the chip to be tested
in parallel thereby reducing the test time and also eliminating
the requirement for external test equipment.

Typically, analog circuits are tested by verifying against
specifications. Test inputs may be generated simply for this
straight forward methodology. The lack of standard fault
model for elements of analog or mixed-signal circuits,
wideness of analog specifications and incomplete test set
could, however, decrease the test quality for the analog
portion. Another major problem in testing analog components
is in defining the line of demarcation between a fault-free and
faulty circuit, resulting in uncertainty of quantification of the
product yield [2]. Testing for all specifications is time
consuming and valuable. Since the analog and mixed signal
circuits are complicated, some effort is to be taken to lower
the value of test, particularly for the analog parts of mixed
signal circuits. Nearly each mixed signal integrated system
contains circuits like operational amplifiers, filters, oscillators,
Phase lock loops, etc. During this paper, an approach to
develop a test method for analog and mixed signal circuit
based on oscillation based BIST is investigated. Throughout
the test mode, all these circuits could be transformed to an
oscillator by connecting some additional circuitry (a feedback
network). Within the method, the outlined faulty model and
test process are considered to test the circuit in analog and
mixed signal device and simulation results are provided for
selective benchmark circuits.

2. PREVIOUS WORK

The testability of digital circuits can be described with
measures like controllability and testability. Unfortunately
this access is not actual acceptable for analog circuits. This is
often a result of several faults showing in analog circuits.
Faults occurring in analog circuits are categorized into two
types: hard faults and soft faults [3]. A parameter deviation of
an excessive amount of nominal values is called ‘Soft faults’
and ‘Hard faults’ like stack-at fault, generally could cause an
abounding absence of a function. In general, such soft fault is
harder to ascertain in comparison to hard faults, as they are
doing not because an abounding absence of a action about
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simply ending in abnormal specifications. Previously, several
fault based test strategies have been planned within the
literature for testing analog and mixed signal circuits. Various
techniques are developing for DFT; all techniques are
different in their approach and all of them have a similar aim
of raising the testability of IC design. Some testing
approaches are Ad-hoc test, Scan-based test (Path-scan,
Boundary-scan) and Self-test (Built-in self-test, Built-in logic
observation).In this paper we have used, OBIST method for
detecting the hard faults called catastrophic faults in mixed
signal circuits. The OBIST deserves a special mention as a
result of its conceptual straight forwardness and does not
require extensive modification of CUT for testing.

3. TEST METHODS
3.1. Design for Testability (DFT)

Design for Testability (DFT) methodologies can cast into two
types (a) those that rely on reconfiguration of the Circuit
under Test (CUT) for testability improvement and (b) those
that rely on test point insertion for controllability and
testability of the inner nodes of the CUT [4].
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Fig 1: Design for Testability

DFT methodology refers to hardware design style or value
added hardware that reduces test generation, quality,
complexity and test application cost. The basic concept design
for testability is given in figure (1). The test generation
complexity will increase exponentially with the size of the
chip. To increase the testability and controllability of internal
node, test buses, scan chain method are used while other
useful methods are also developed [5- 6].

3.2. General Built in Self-Test Structure

It is a design process that provides the capability of solving
the problem otherwise encounterd in testing analog and mixed
signal devices. In BIST, test generation application and test
response verification are accomplished through in built
hardware. It permits the various parts of the chip to be tested
in parallel, thereby reducing the specified test time. It also
abrogates the requirment for external test equipments. The
cost of testing is turning into one major part of producing
expense of the new product. BIST tends to reduce the
manufacturing and the maintenance costs through improved
identification [7]. A BIST environment, as in displays figure
(2), uses a test pattern generator (TPS - stimulus source) that
sends its output to a CUT and output stream is fed into a test
data analyzer.

Stimulus

\ 4

CUT |——p] Response
T A
[ Test Controller ]

Fig 2: Typical BIST Structure
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A fault is detected if the test sequence is totally different from
the response of the fault free circuit. The test data at
information instrument comprises of a Response Compaction
Unit (RCU), storage for the fault-free responses of the CUT
and comparator. In integrated circuits, BIST is used to create
quicker, more cost-effective producing tests. As a result
of BIST this mechanism allows a machine to check itself. A
BIST mechanism is provided in advanced field bus systems to
verify its functionality [8- 9]. It reduces the test-cycle period.

4. OSCILLATION BASED BIST OF
ANALOG/MIXED SIGNAL CIRCUITS
(OBIST)

The test methods for analog and mixed signal circuits are
based on rearranging the CUT to an oscillator. During this
method, the complicated analog circuit are partitioned into
functional building blocks such as: operational amplifier (Op-
amp), Schmitt trigger, filter, voltage reference, oscillator,
phase lock loop (PLL), etc or a combination of these blocks.
During the test mode, each building block of circuit is
converted into an oscillator by adding the proper circuitry in
order to achieve sustained oscillation. The oscillation is then
evaluated [10].

The fault is revealed from a deviation of its oscillation
parameters with reference to the parameters below the fault
free conditions. The oscillation parameters are freelance of the
CUT type and analog testing [11-12]. The block diagram of
OBIST strategy is illustrated in figure (3).

Faulty
|'I CUT ||||
Feedback

Obtained
Oscillation
Parameters

circuit

Fault
Free CUT
Feedback

circuit

Fig 3: Block Diagram of OBIST
5. TESTING PROCEDURE FOR OBIST

The application of testing procedure is proposed in this paper.
Catastrophic faults (stack open and stack short) are injected
into the CUT. These faults after being injected into the
nominal circuit descriptions by using the simulator, evaluates
the transient response while frequency and output voltage are
measured. The fault free circuit is converted into an oscillator
and simulated and its test parameter is thus derived. The
different steps of the procedure are briefly given below [13-
14].

The different steps of the procedure are -

Comparison
and Decision

Normal
Oscillation
Parameters

e The fault free circuit was converted into oscillator and
simulated, and test parameter is derived.

e A fault list was derived from the CUT.

e The faulty net list was generated (through faults injected
into the CUT).
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e Asimulation was done for the faulty CUT.

e The fault detection was completed on comparing the
faulty output measurements with fault-free test
parameters.

e The circuit fault coverage was calculated.

6. CASE STUDIES AND RESULTS

To be able to calculate the proposed test methods we first
define the fault modeling. Then some analog and mixed signal
building blocks are used as test to examine the efficiency of
test method, but the method is by no means confined /
restricted to these examples in its application.

6.1. Experimental Result of Inverter and

Oscillation-Frequency Calculation

Analog ICs consist of an amplifier, a filter, PLLs,
comparators, etc. The test parameter specified by designers
can be gain, phase shift, signal to noise margin, power gain,
gain margin, phase margin and so on. Efficient ways test
operational amplifier and filters are desired because of their
importance in analog systems. If we take a look at the, test
methodology of any circuit which is oscillation based, we can
observe that, first of all the CUT is partitioned into the
functional building blocks.

Then each building block of CUT is converted into oscillator
by the addition of extra circuitry as a feedback. If the circuit is
faulty then converted circuit is either doesn’t oscillate or the
responses parameters of oscillation can completely differ from
the fault free circuit. The proposed OBIST methodology for
calculating the oscillation frequency is explained by
considering the example of CMOS inverter circuit to oscillate
where the classical CMOS astable-oscillator concepts are
employed. A CMOS inverter is converted into astable-
oscillator using one more inverter and one RC feedback. As
shown in figure (4), the R1 resistance connects the output of
the CMOS inverter to its input and it acts as dc negative
feedback. The output of the CUT inverter is connected to the
input of another inverter Ul. This provides the positive ac
feedback.
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Fig 4: CMOS Inverter as an Oscillator

The oscillation frequency of CMOS inverter can be
determined as follows:

During time interval t;, when the output is low, the voltage
across the capacitor rises from V. /2 to Vi,
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Substituting, vc = V=V 2att =t
tl = R]_Cl |n3 (1)
Also the time interval t,, when the output is high, vc falls from
3V /2 to Vy,.
Substituting, vc = Vi, = Ve /2 at t=t;
tz = R]_Cl |n3 (2)

The total period of output can be achieved by adding (t; and
ty) as

T=t+t,
From eqn. (1) and (2)
T=2R,C;In3
T=22R,C, (3)
The oscillation frequency is expressed as
fosc = 1/T
fosc =1/ 2.2 R1Cq 4)

By choosing R{= 600 kQ, C;= 10 nF and R,= 5 MQ, the
oscillation frequency of CMOS inverter can be calculated as
fose =90.9 Hz.

The fault model for MOS transistors, where the value for the
parallel resistor R, is 10 © and which emulates stuck-short
fault, and the series resistor Rg which has a value of 100 MQ
that emulates stuck-open fault, is shown in figure (5).

Rp
100 k
04 04 gRe
Qr Qp proo O_I $ Rp
O—| 210Q
R, Qn
100 k Qv

Fig 5: Four Fault Models for PMOS and NMOS
Transistors of Inverter

Now, we consider the hard or catastrophic fault injected into
the CUT in test mode. Injecting the four faults specified in
CUT test mode cause stopping of the oscillation of the circuit.

If any one of the transistor is short or open, the output will be
low or high according to the types of fault. All simulation
results obtained below agree with this hypothesis.

6.2 FET (Field-Effect Transistor)

Here, oscillation test method has been used to test the field-
effect transistor. In this section, phase-shift oscillator is used
for OBIST method. The phase-shift oscillator produces the
positive feedback by using an inverting amplifier and adding
another 180° with the three high-pass filter circuits as shown
in figure (7). It produces 180° phase-shift for only one
frequency. The field-effect transistor provides a negative gain
amplifier with 180- phase shift, and each RC pair results in
60° phase shift.

The basic RC oscillator that is additionally referred to as a
phase-shift oscillator produces a sine wave output signal
victimization regenerative feedback obtained from the
arrangement of resistor and capacitor. This regenerative
feedback from the RC network is attributed to the
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flexibility of the capacitance to store an electrical charge. This
resistor-capacitor feedback network is connected as displayed
in figure (6) to produce a leading phase shift (phase advance
network) or interchanged to produce a lagging phase shift
(phase retard network). The result is still the

VCC
R;
10k
Output
G, Cs on
6.5uF 6.5UF 6.5‘12
Rs R, R,
10 k 10k 10k
Gy R,
_[ 3uF 3k
A

Fig 6: Phase Shift Oscillator in Test Mode

same as the sine wave oscillations only occur at the frequency
at which the overall phase-shift is 360°.

Through one variable one or a lot of the resistors or capacitors
within the phase-shift network, the frequency will vary and
usually this can be done by keeping the resistors constant and
employing a 3-ganged variable capacitance. If all the resistors
R and also the capacitors C within the phase shift network are
equal in value, then the oscillation frequency is produced by
the RC oscillator given as oscillation frequency (fysc).

fosc =1/ (21 RCV2N) (5)
Where, N is number of RC stages. (N = 3).

By choosing R;= 10 kQ, C;= 3 nF and R,= 3 kQ, R3= Ry=
Rs= 10 kQ, C,= C3 = C4 = 6.5 nF, the oscillation frequency
of FET oscillator can be calculated as f,,. = 9.996 k Hz.

The bandwidth of a composite signal is the difference
between the highest (fiishest ) @nd the lowest frequencies
(fiowest ) CONtained in that signal output.

Since the arrangement of resistor-capacitor in the phase shift
oscillator circuit additionally acts as an attenuator producing
an attenuation of -1/29th (Vo/Vi = ) per stage, the gain of the
amplifier should be comfortable to beat the circuit losses.
Therefore, in our 3- stage RC network above, the amplifier
gain must be greater than 29. Table (1) indicates FET faults
coverage analysis. The output waveform of phase shift
oscillator are shown in figure (7)

2—
1.5
—
=
o
> 19
0.5 -
o T T T
0.005 0.01 0.015
Time

Fig 7: The Output signal of Phase shift oscillator
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The circuit stops the oscillation by injecting the faults into the
transistor. Once the FET transistor is open, that is, it’s
disconnected from the circuit, the circuit doesn’t oscillate. By
injecting short faults within the circuit, the FET transistor
operates within the cutoff region, as exhibited in figure (8).
The given table represents the results obtained by the
simulation for the transistor generator oscillator when the hard
faults are injected. Once the FET is open, it’s disconnected
from the circuit doesn’t oscillates. Fault is detected once the
power bandwidth is out of tolerance band. Fault-free power
bandwidth is 18.84.

Here, all possible faults represent the have not been thought-
about. For the faults thought-about, 100 percent fault coverage
was achieved.

Table (1) FET Oscillator Faults Coverage Analysis

Faults | AmPlitude | Bandwidth Power
(nv) (WHz) | Bandwidth(Hz)
R1 14.9 26.86 223
R2 0.92 27.94 225
R3 775 26.85 127
R4 7.79 27.41 226
RS 7.72 26.82 226
c2 7.07 27.14 72.4
c3 726 26.65 228
',::arl;'et 14.80 10.70 18.84
FET Oscillator Faults & Faults Free Coverage
1 Analysis
1.00
0.80
0.60
0.40
0.20
0.00
AR ISR S G
<<’°§

Faults

= Amplitude(nV) ®Bandwidth(uH) = Power Bandwidth(n Hz)

Fig 8: FET Oscillator Faults Coverage Analysis

7. CONCLUSION

The OBIST techniques have been effectively utilized in
analog and mixed signal circuits in embedded core based
system on chip environments. There are many strategies to
confirm the correct functioning of designed circuits, however
this built in hardware approach has proven to be one of the
most reliable strategies. This oscillation based technique is
implemented where the hard and parametric fault models are
defined for fault coverage analysis. The catastrophic faults are
considered in this paper. By using power bandwidth,
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amplitude and oscillation frequency, we have observed
improvement in fault coverage. Some sample benchmark
circuits are simulated and studied. The results are verified in
Simulation Software. The detection of faults in fault coverage
shot up when the time domain output was converted to
frequency domain and compared with the same £5% threshold
values. A very high coverage of 100 percent was achieved as
well. The OBIST testing method has been applied for many
circuits like analog to digital converter, dual tone multiple
frequency detector, filters, voltage-controlled voltage source
filter, switched capacitor circuits, etc. OBIST method does
provide high-fault coverage with low-area overhead. It has
been demonstrated that, the OBIST method is suitable for
both functional and structural testing and has the potential of
covering catastrophic and parametric faults. A structure
presents a pass or fails result; it will be simply integrated with
the test strategies dedicated to the digital, a part of the circuit
under test.
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