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ABSTRACT

This paper describes a testing method to analyze analog and
mixed signal device based on oscillation test process, which
in turn is dependent on the BIST (Built In Self-Test method)
appropriate for function based and structure based testing of
analog and mixed signal device. During this test process, the
test circuit is converted into oscillator with the help of
addition of an extra circuitry in their feedback path. The
faults present inside the test circuit that because an affordable
deviation of the oscillation frequency and their amplitude
from its value are detected. Through, this test method, there
is no required of any test vector to apply. Therefore, the test
vector generation drawbacks are eliminated and also the test
time is reduced because a limited number of oscillation
frequencies are calculated for each test circuit. Oscillation-
test strategy and Ippg test method are very suitable for
further wafer-probe testing for final production of testing.
The application of this test method takes benefits for good
fault coverage by using of a simple OBIST technique,
necessity to apply that does not required any test signal
generation and combines it with Ippq (quiescent supply
current) testing to provide a fault confirmation. During this
paper, the simulation results of this test method have been
provided through some examples like continuous time state
variable filter.
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1. INTRODUCTION

Development of analog & mixed signal Integrated Circuit
(IC) technology in System On Chip (SOCs) and market
requirements motivated the system designers and the test
engineers to develop research works within the direction of
this specific section of VLSI design and also develop the
advance arrangement accurately, for the precise testing
methodology. Analog testing is considered as the most
significant drawback in analog and mixed signal device. The
major sources of testing problems and issues in digital
circuits and analog circuits are different from each other. In
digital circuits, the size and complication of test remains the
major factors, whereas in AMS (Analog and Mixed Signal)
circuits, the reaction of circuit signals area unit is far more
necessary than the circuit sizes. A significant downside
within the analog, digital and their combination of mixed
signal circuit testing is an abstraction with reference to a
faulty circuit and fault-free circuit, which results in
uncertainty in altitude of the output produced. In digital
circuits, some imperfectness area unit is unimportant, but
within the mixed signal analog circuits, small imperfections
can prove fatal as for as working of the circuit is concerned.
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Testing ensures the quality of product when it is
implemented during key phases of product development.
Several, Design for Testability (DFT) techniques are being
developed to extend the testability and controllability while
reducing the number of test problems, test buses and scan
chain methods are also used [1]. But the 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 high
faults coverage becomes critical. Therefore, the test outcome
will be incorrect and production yield will be decreased.
Built-In Self-Test (BIST) technique, based on the existing
test methods, requires the use of specialized input stimuli
generation and output analysis hardware which introduces a
major space overhead. The BIST methodology is a design
technique that can furnish the abbreviation of finding several
of the issues that occurs within the AMS circuits otherwise
they can be experienced during testing AMS device systems.
In BIST design method, the test initiation, testing tools and
response visualization are all calculated through built-in
hardware that allows the various parts of circuit in parallel.
This helps in reducing the time for testing the device and
requirement for other external test equipment also reduces.

Typically, the AMS 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. In testing of analog components, another major issue
overlooked by the system fabricator is defining the
differentiation as compared to fault-free and faulty circuit,
resulting in uncertainty of quantification of the output
produced [2].Testing for all variations in time consumption
also gives valuable feedback. Since the AMS circuits are
complicated, few measures are adopted to reduce the value of
test, predominantly for analog component of mixed signal
circuits. Nearly each mixed signal IC system contains circuits
like filters, oscillators, continuous state time variable filters,
operational amplifiers, Phase lock loops, etc.

During this paper, an access to advance a testing method for
AMS circuit based on Oscillation Based BIST is investigated
and this analysis adjustment method is also combined with a
Ippq (Quiescent Supply Current) testing technique to boost
up the occurring defect occurring or accountability coverage.
The process comprises of conveying the circuit into an
oscillator by additional RC component circuitry into the
feedback path of the circuit (a feedback network). On the
other side, Ippq test is a cost effective method for diagnosis
of defects that are unattainable by the conventional test
method and can’t be over headed by conventional fault
model. Ippg refers to the testing method for IC’s primarily
based on calculation of steady state power supply current [3].
Ippq Testing Methodology has established itself to be terribly
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economical for testing standard of analog circuit. The test
method comprises of observing the quiescent current on
power supply allowing a precise coverage of physical defects
in the test circuit. Within this method, the outlined faulty
model and test process are considered to test the circuit in
AMS device and the simulation results are provided for
selective prototype circuit.

2. PREVIOUS WORK

The testing of digital circuits can be declared with measures
like controllability and testability. Unfortunately this access
is not acceptable for analog circuits. This is often as a result
of several faults shown 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
from its nominal values are called ‘Soft faults’ and ‘Hard
faults’ like stack-at faults, generally could cause an
abounding absence of a function. In general, such Soft faults
are harder to ascertain in comparison to hard faults, because
an abounding absence of an action simply ends in abnormal
specifications. Previously, several fault based test strategies
had been planned within the literature for testing analog and
mixed signal circuits. Various techniques are developed 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 tend to use
OBIST method for detecting the hard faults called
catastrophic faults in mixed signal circuits. The OBIST
deserves a special mention as a result of it’s conceptually
straightforwardness 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 be casted
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]. DFT refers to
hardware design styles 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 initiation complexity will be increases
exponentially with the size of the chip. To increase the
testability and controllability of internal node, test buses and
scan chain test methods are used and other useful methods
are also developed [5- 6].

Internal
Logic Bus Logic
PI Block »| Block PO
4 A
A I / B
Test A 4 y —p Test

Input Output

Figure (1) Design for testability
3.2-General Built in Self-Test Structure

It is a design process that provides the capability of solving
the problem otherwise encountered in testing analog and
mixed signal devices. In BIST, test generation application
and test response verification are accomplised through in-
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built hardware. It permits, the various parts of the chip tested
in parallel thereby reducing the specified test time. It also
eliminates the requirement for external test equipments. The
cost of testing is turning into one major part of producing
expense of new product, BIST tends to reduce manufacturing
and maintenance costs through improved identification [7]. A
BIST environment, as in figure (2), uses a test pattern
generator (TPS - stimulus source) that send it output to a
CUT and output stream is fed into a test data analyzer. 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 is comprised 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 and more cost-
effective producing tests. As a result of BIST,
a mechanism may be developed that allows a machine to
check itself. A BIST mechanism is provided in advanced
field bus systems to verify its functionality [8- 9]. It reduces
test-cycle period.

Stimulus CuT Response

A\ 4
\ 4

7 N A

Test Controller

Figure (2) Typical BIST Structure
3.3-Building of an Oscillator

Sinusoidal oscillator can be designed from the transfer
function by joining the output of the filter connected to the
input terminal of the filter also known as feedback path of the
circuits. Then the requirement of the oscillation is a signal
i.e. feedback, to compensate the connection of output to the
input of the circuit for proper phase and required amplitude.
Some oscillators uses RC component for phasing. For
calculating the design equations of the circuit for sinusoidal
oscillator, the denominator of transfer equation of the circuit
T(s) is examined. The poles of the denominator of the
characteristic equation T(s), or equivalently to the zeros of
T(s), verify the stability of the system and time domain
behavior of the system.

The phase equation and magnitude of an oscillator are also
analyzed. When the magnitude of the circuit the loop gain is
greater than ‘1’ and phase of the circuit is ‘0’, the amplitude
of oscillation of circuit will enlarge exponentially until the
factor in the system.

Output

L

FBUT

Figure (3) Concept of Building an oscillator

The method of an ideal oscillator is completely different than
that of building oscillator for the testing purposes for CUT.
Generally oscillator, amplitude and stable oscillation
frequency are essential. But an oscillator designed with the
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insertion of external circuitry from metamorphosis of circuit
under test is designed such that the fluctuation of the vital
element in the Circuit under Test can be identified by
quantifying the oscillation frequency (f,,.) and amplitude.
That means, there is no requirement for another circuitry to
stabilize the oscillation of the CUT. The general bi-quadratic
transfer function is given by

Vo
H(s) =7 @)

Where, V, (s) = p,s°+ p;S + pg and V; (s) =5°+ q;5 +qp,

Vo (s) :pzsz+P15 +Po @)
Vi (s) s% +q15 +qo,

q1 = wo/Qand qq = wo’.

The relation between the pole, pole frequency and quality
factor is given

P1-Pz =0 %o =- 0% joy[T— (1/4Q%) 3)

Where, wy is the pole frequency and Q is the quality factor
that determine the distance of the pole in the s-plane.

3.4-Procedure for OBIST

In this procedure the signals to be tested go through the
output of the circuit from the fault free mode and the test
signals are passed into the faulty mode of the circuit are
compare. This comparing of fault free and faulty circuit is
made to create fault coverage between the fault free circuit
and faulty circuit. The procedure for OBIST method is
described in figure (4). Several faults are injected into the
system like stuck faults (stuck open, stuck short), etc. to
cover the fault’s range.

3.5-Concept of Oscillation based built in

self-test method

In OBIST method, the concepts of this method are explained
here. An analog circuit is partitioned into the functional
building  blocks like  filter,  operational-amplifier,
comparators, Phase Lock Loop (PLL), etc. In this procedure
for OBIST, all building blocks of the system are converted
into an oscillator by the addition of external circuitry like RC
component in their feedback path of the system in order to
achieved sustained oscillation.

Obtained
Oscillation
Parameters

|

Comparison
and
Decision
4
Normal
Oscillation
Parameters

Feedback
circuit

Fault-Free
CuT

Feedback
circuit

Figure (4) Block diagram of OBIST

Then the oscillation parameters of the circuit under test
(CUT) are calculated. The faulty circuits are noticed by
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observing some changes in the parameters under the fault
free condition. The oscillation parameters of CUT type and
analog testing are independent. The Oscillation based built in
self-test method block diagram is explained in figure (4).

3.6-Analog fault modeling in Circuit under
Test

Analog and mixed circuits fault models are classified into
two categories. These faults are soft faults (parametric faults)
and hard faults (catastrophic faults). In soft faults the
deviation in the component parameters that causes the
performance are overshoots beyond the acceptable limitation.
These soft faults are caused due to the conventional
synthesizing defects variation. Hard faults are detected by
random defect and the failure in the results of the
components. Example, in the photolithographic process the
dust particle come that causes either open and sort faults in
the circuits. It creates large deviation of circuit under test
parameter like aspect ratio and change in the threshold
voltage of the MOS transistor. These faults are shown in
figure (5). The stuck-open faults, in which the elements
terminals are not connected with the remaining circuit, are
known as stuck-open faults and these faults are part of hard
faults. These faults may be simulated by adding the high
resistance in series and the stuck-short fault is that faults in
which there is a short between the terminals of the circuit
element.

1000 100 Q 100 Q

MOSFET

100°—‘i 100

o~ o R

Figure (5) Stuck-open and Stuck-short faults for
capacitor, resister and MOSFET

The stuck open faults and stuck short faults both are part of
catastrophic faults and are also known as hard faults. The soft
faults are known as parametric faults as they generally
depend on simulation results of the circuits.

In this paper, we have only considered the catastrophic faults.
These faults depicts standard fault models for capacitors,
resisters and MOSFETs where the worth for the parallel
resistor Rp is 10Q that calculates stuck-short faults in CUT
and the series resistor Rg is 100MQ that calculates the stuck-
open fault in CUT.

3.7-1ppg Quiescent power supply current

testing

This is a testing methodology for CMOS integrated circuits
for the propinquity of congregate faults. Ippg refers to the
level of power supply current in a CMOS circuit taking the
correspondent nodes in an ideal state, Static CMOS circuits
is very low power operating devices and at quiescent state, it
draws practically negotiable leakage current and the
combination of leakage and bias currents. In a steady state,
there should not be a current path between Vpp ground paths.
Iop methodology refers to the testing technique comprising
of quantifying the negligent supply current of the CUT. A
divergence needs to be marked between implementation
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technologies where the leakage current is negotiable. The
quiescent power supply current (Ippg) test advances a screen
that permits for expeditious verification of non-functional
parts of wafer and final test. In Ipp testing method, they use
principle that is proper in operating quiescent CMOS digital
circuit. There is no static path between the ground and power
supply, except for the small amount of leakage. Several
common semiconductor producing faults can cause the
current to increase by the order of magnitude and can be
easily detected. The technique has the major advantage of
validating the chip for wvarious faults within one
measurement. Another advantage is that it identifies faults
that are impossible by conventional techniques like stuck-at
fault test vectors.

4. SIMULATION RESULTS OF OBIST
FOR CONTINUOUS-TIME-STATE-
VARIABLE-FILTER

To test the analog circuit with oscillation based built in self
test method, firstly CUT are partitioned into functional
building blocks and then each building block is converted
into oscillator with the help of adding some proper circuitry
as a feedback path. The OBIST method for testing the analog
and mixed signal device is explained by considering for an
example of continuous-time state variable filter, this filter are
shown in figure (6). The advantage of checking the chip for
many possible faults with one measurement and other
advantage is that it may detect the faults that are not found by
the conventional methods. These continuous-time state
variable filters are obtained from the analog and mixed signal
device benchmark circuits’ first release. The schematic
diagram of the active filter is implemented using the 3
operational amplifiers. It is the combination of high- pass,
band-pass and low pass-filters whose output is denoted by
HP-O, BP-O and LP-O, respectively.

R5
R2
-~ C1 c2
*____ P—-—-p
Vo R1
A, R3 R4
O—p—w _D—Luw- Vou
HPO BPO —0
LPO
R7
R6
U1
c3
1

Figure (6) Continuous- time state variable filter

For OBIST method, this circuit is firstly converted into an
oscillator and then that circuit is simulated. Then, without
any loss of generality, we use this circuit as a low pass filter.
Therefore, the defect detection procedures are applied on the
signals measured at the low pass filter. As the consideration
of HPO and BPO can potentially increase the defect,
detection is sensitive due to increased observability. The
transfer function of the high pass filter, band pass filter and
low pass filter equation is shown below,
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K /RyRaC,Cy
Vhpo (8)= g —T— 4)

+QR2C15+R2R3C1C2
K@ R,C
Vepo (8)= S S S— 2 )
QR2C1 R2R3C1C2
ks?
Vieo O =5g—T7T——T1— (6)

se+ s+
QR2C1  R2R3C1C2

Where, Kk is the gain of filter and Q is the quality factor,

_ 2R;Rg %
RiR3+R;Rg+R7Rg

_ 2 R{Rg ®)
R;R3+R Rg+R7Rg

The values of elements in figure (7) obtained from the
benchmark circuit classification are shown below in table (1),
this table shows the components name and its nominal
values.

Table (1) Component table with nominal values

Component name Value

Operational amplifier: 3 (Op-amp) OA1, OA2, OAS3 (Ideal)

) R{,R3,R3,R5,R; =10 kQ,
Resistors
Rg=3 kQ, Ry=7 kQ

Capacitors C;,Cy,C3=20nF

Table (2) Continuous time state variable filter responses
with nominal values

Component variation
Nominal values Variation at 1o
Table
R, - R 10kQ 305 Q
R 3kQ 20
R, 7kQ 214 Q
Cq 20 nF 1.2nF
C, 20 nF 0.7 nF

The oscillation frequency for continuous-time state variable
filter under the fault free condition of the circuit under test
for this methodology is fosc = 782.66 Hz. In testing circuit,
all operational amplifiers are considered ideal condition.
Therefore, from the simulation result, the conclusion to be
drawn is that all faults are detected with this oscillation test
method. The continuous time state variable high pass, band
pass and low pass filter responses with nominal values are
shown in table (2) above. The graph of variation of resistance
at nominal value of continuous time variable filter is depicted
in figure (7).

41




International Journal of Computer Applications (0975 — 8887)
Volume 112 — No. 1, February 2015

360

A

300 ’ s == \ 1000

240

% 180 \ V.
\/

Frequency (Hz)
(2]
o
o

60
0 | | | | | | J 400
R1 R2 R3 R4 R5 R6 R7
. 200
Resistance
Figure (7) Variation of resistance at nominal value of 0
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Then, the number of pulses of oscillation is considered for B Short Faults B Faults Free

the continuous-time state variable filter as an oscillation
parameter for comparison. The output of the circuit under test
and fault free circuit are given to the counters, which count
the number of pulses and give the output in form of binary
bit number. After this, the binary outputs are given to the
comparator that compare the output of the two counters like
the number of pulses of output of circuit under test and fault
free circuits. If both the outputs are match, then only the
circuit under test is fault free circuit otherwise it is a faulty
circuit.

Table (3) Simulation result for continuous time state
variable filters

Oscillation
Faults %ﬁg:: frequency Amplitude(nV)
(H2)
R; open 0.00381 741.92 14.9
R, open 0.442 684.92 0.92
R; short 0.431 3028.86 7.75
R, short 0.00142 8197.2 7.79
R; short 0.328 9839.21 7.72
R¢ open 0.0051 9491.2 0.87
R short 0.423 312.52 7.78
R, open 0.451 217.02 0.17
C, open 0.412 1527.0 7.07
C; short 0.0000126 9997.01 7.26
C, open 0.0000458 9179.02 0.74
E;Sﬁ; No Oscillations

I Open Faults

Figure (8) Oscillation Frequency at different faults (open
and short) or Fault free condition

To compute the continuous time state, you must determine its
rate of change or its derivative. You can represent this
information using the local variable that updates in
continuous time. Table (3) represents the faults that occur in
the continuous time state variable filter and output voltage
levels are evaluated at different faults condition. The
oscillation frequency is calculated at different faults
condition and also measures the amplitude at different faults
condition such as stuck-open faults and stuck-short faults
mean at catastrophic faults (hard faults).

The graph is shown in figure (8) in which we can show an
oscillation frequency at different faults condition such as
stuck-short fault and stuck-open fault. It also shows
oscillation frequency at the fault free condition.

5. Ippg QUIESCENT POWER SUPPLY
CURRENT TESTING METHOD

In Ippq testing of CMOS, integrated circuits are shown
terribly economical for rising test quality. The test
methodology is based on the observation of quiescent current
on power supply offer lines permit a decent coverage of
physical defects that are not very well modeled by the classic
faults models or undetectable by alternative typical logic test.
It has been recognized because it is the single most sensitive
test method to discover IC defects. The main advantage of
current based testing is that it does not need propagation of
fault effects to be observed at the output; it requires only
exercising the fault model and measure this current from the
power supply. The fault results observance is that the
measuring of current and also the detection criteria are the
current flow value exceeding some threshold limit. This
current passes through the power supply VDD and ground
terminal is observed throughout the applying of an inputs
stimulus. In the quiescent state, the circuit attracts a really
low current. For certain input state, this current might rise to
an abnormal level as a result of presence of defects. Ippg
Testing has been used to complement the high fault coverage
achieved by oscillation testing and to produce the fault
confirmation.

6. ADVANTAGES OF COMBINED
OBIST AND Ippg TESTING METHOD

In Ippq current testing is a useful tool for detecting faults in
that device which contains both analog and digital functions
on one substrate. On the other side, the oscillation based
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testing combines the advantage of a vector less test,
functional as well as defect-oriented testability, simple signal
analysis procedure, easily implementation and cost
effectiveness and applicable for big category of analog and
mixed signal device. The fault which might have negligible
effect on the supply can be monitored for deviation from
oscillation frequency, leading to high fault coverage.

The oscillation frequency may be considered as the digital
signal and therefore can be assessed employing a pure digital
circuitry. These attributes are implicit that the oscillation test
methodology is extremely engaging for the CUT testing still
because of the final assembly testing. In this table (4), shows
the different faults which occur in the continuous time state
variable filters in different conditions such as open and short.
There are total twenty two possible faults which are present
in this circuit and all faults are detected by Ippg testing
method. On the other hand, OBIST method of testing does
not detect the total possible faults.

Table (4) Faults table for Ipp testing method

International Journal of Computer Applications (0975 — 8887)

Volume 112 — No. 1, February 2015

20 Non- inverting input of Op-amp is Stuck to Observed
high voltage

21 Inverting input of Op-amp is Stuck to ground Observed

29 Inverting input of Op-amp is Stuck to high Observed
voltage

Sr. Faults Status
no.

1 R, short Observed
2 R, open Observed
3 R, short Observed
4 R, open Observed
5 R short Observed
6 R5 open Observed
7 R, short Observed
8 R, open Observed
9 R; short Observed
10 Rs open Observed
11 R short Observed
12 R open Observed
13 R short Observed
14 R, open Observed
15 C, short Observed
16 C; open Observed
17 C, short Observed
18 C, open Observed
19 gNr(;rll—nanerting input of Op-amp is Stuck to Observed

Figure (8) show the graph, in which OBIST testing method
detect only 15 faults from the total 22 possible faults and in
proposed test method for detection of fault in Ippg, all 22
possible faults are detected by this method.

24
18
p2]
=
©
L
B 12
S
o
S
2 6
0
OBIST Method IDDQ Method
M Total no. possible
22 22
faults
M No. of faults 14 2
detected

Figure (9) Graph show the faults coverage of proposed
method

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 the most
reliable strategy. 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 voltage level of output
and oscillation frequency activity, we have seen
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 with the help of combination of OBIST and
Ippq testing method. By using the combination of OBIST
testing and Ippq testing, the fault coverage has been
improved. It has been demonstrated that, the OBIST and
Ippq testing method are suitable for both functional and
structural testing and have the potential of covering
catastrophic and parametric faults. Structure presents a pass
or fails result; it will be simply integrated with the test
strategies dedicated to digital a part of the circuit under test.
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