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Abstract. This paper, explores possible solutions for the feedback transfer functions
applied in active RC filters for oscillation-based testing (OBT). Three types of filter transfer
functions, namely low-pass (LP), high-pass (HP) and band-pass (BP) are examined. Active
filters are realized with the realistic operational amplifier model targeting the 180nm CMOS
technology. To confirm the theoretical insights, three realizations of LP, HP, BP second-
order filterers with proposed feedbacks are designed and simulated. One of the solutions,
namely the BP filter, is further examined by inserting defects in the circuit. Based on the time
domain simulations, the key parameters are extracted from the oscillating filter’s output
signal. The fault dictionary has been created and appropriate classification of the defects is
performed.

Key words: Feedback loop, active RC filters, transfer function, oscillation-based testing,
fault dictionary.

1. INTRODUCTION

High reliability of the contemporary electronic systems is in a high demand. Following
the “more than Moor” law, these systems increase in size and complexity [1]. As a result,
the testing structures should follow the same trend. However, more complex testing
structures introduce additional costs in both time and resources. While the digital circuitry
testing techniques are well established [2], testing of the analog circuitry is particularly
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challenging due to a nearly infinite range in signal values and verity of functions that the
circuit may implement.

In general, two systematic approaches are usually employed in testing and design of
analog circuits. The first is known as the simulation-before-test (SBT) where the circuit under
test (CUT) with the defect is simulated and the response of the circuit is recorded [3]. After
the set of faulty circuits is simulated, the fault dictionary containing responses of the fault-free
(FF CUT) and faulty circuits is formed. Based on the comparison between these responses the
presence of the defect can be detected. SBT allows designers to identify and rectify potential
issues in the design phase before physical prototypes are built, saving time and resources. The
second approach is simulation-after-test (SAT) which provides insights into how the system
performs under actual operating conditions, helping to identify discrepancies between
simulation and reality. However, SAT is typically performed after the design has been
finalized, limiting the opportunity for early detection and correction of design flaws. SAT
approach involves expenses related to equipment, materials, and personnel, which can
significantly increase development costs [4]. Therefore, SBT is usually favored over the SAT
in early phases of testing since it is more flexible and less expensive to apply. In this work the
SBT approach is adopted, as well.

The defects in the circuits are classified as the hard (catastrophic) and the soft (parametric)
defects [5]. All defects that are radically changing the topology of the circuit are considered as
hard defects. These defects are the result of the physical destruction of the component and/or
connection between components (over-loading, systematic design errors, extreme working
conditions etc.). Accordingly, hard defects are modeled as short circuits between nodes and
open circuits of connection paths. When a hard defect is present in the circuit, significant
degradation of the CUT performance is expected leading to permanent malfunction. On the
other hand, soft defects do not jeopardize the CUT’s functionality. Usually, only some
properties are outside the specified limits (e.g. speed, bandwidth, power consumption, etc.),
but the circuit still preserves its function. Soft defects can arise due to the component aging or
suboptimal operational conditions such as variations in ambient temperature. For the circuit
analysis the soft defects are modeled as the change in component value which lies outside the
tolerance range.

When testing the analog circuitry several topics should be addressed. One would be in
which domain to analyze the response of the circuit (DC, frequency, time, etc.). There is also a
selection of the test point i.e. where the acquisition of the desired signal will take place. The
availability of the test point sometimes cannot be easily ensured. One of the most challenging
is the synthesis of the input test signal. Unlike with the digital circuitry, where only one format
of the test vector is available (array of bits), with analog, there is a myriad of waveform shapes
that can be applied as the test signal. Therefore, it is always interesting and challenging to
consider the methodologies that guarantee the testing quality while requiring the fewest
modification of the system. One such methodology is the Oscillation-Based Testing (OBT)
[6],[7]- Several authors confirmed the value and usability of this technique in analog and
mixed-signal filtering circuitry. In [8] the OBT technique was successfully applied to
wideband current conveyer filters, and can be implemented as the Built-in Self-Test structure
in Very-Large Scale Integrated circuits (VLSI) [9], [10]. The efficiency of OBT is in the fact
that there is no need for the input test signal i.e. problem of the test signal synthesis is
circumvented. Also, only one test point, usually the output of the CUT, is enough to observe
the effect of the defects in the CUT. After the OBT is applied the diagnosis of the defects can
be performed as shown in [11].
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The key idea behind OBT is to turn CUT into an oscillator [12]. To achieve this, one must
provide some form of positive feedback in the system. This can be done in a verity of ways
depending on the CUT transfer function. For the discrete time systems, like in [13], it is
usually not possible to find closed form solution for the loop gain, but if the system is linear,
there is a possibility to find the appropriate feedback transfer function which will enable
sustained oscillations in the system. Therefore, the prime goal of this paper is to examine these
possibilities for the three, second-order, filter transfer functions, namely: low-pass (LP), high-
pass (HP) and band-pass (BP). Unlike the [14], where the comprehensive set of self-tuning
active filters is covered, or the [15] where novel LC ladder passive network is presented, in
this paper only the Sallen-Key RC realizations are considered [16],[17]. All filter, and
feedback, circuits are designed with the realistic model of the operational amplifier targeting
180nm CMOQOS process node.

The rest of the paper is organized in six sections. The second section will cover the basic
theoretical background of the OBT methodology with the emphasis on filters application.
Here, the appropriate feedbacks for the three examined filter structures will be discussed from
the theoretical point of view. In the third section, the circuit realization of the OBT structures
for the examined filters will be presented. The structures for the OBT of the band-pass (BP)
filter will undergo additional testing using intentionally introduced defects. This process aims
to illustrate the practical application of the OBT methodology alongside the newly proposed
feedback transfer functions. The defects modeling for circuit simulation will be discussed in
the fourth section. The fifth section will cover the simulation results and discussion regarding
the theoretical and practical considerations. Finally, in the conclusion, key findings will be
outlined.

2. THE OBT FEEDBACK TRANSFER FUNCTIONS

To get the insight into the working principle of the OBT, the basic theoretical background
will be briefly covered. Fig. 1 shows the general system with single positive feedback.

X U H(s) Y

£(s)

Fig. 1 General structure of the system with single positive feedback

Transfer function of the filter is denoted with H(s) while the transfer function of the
feedback is denoted with F(s). The overall transfer function of the system is given by,

Y __ HE)

X 1-F(s)H(s) @

T(s)=

By observing (1), it can be concluded that the system becomes instable when loop
gain F(s)H(s) approaches unity. According to the Barkhausen stability criterion there are
two simultaneous conditions that push the system toward the instability,
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F(io)H(jw)|=1 0
Z{F(jo)H(jo)} =2kz,k=0,12,... 3)

i.e. the magnitude of the loop gain equals one and the phase is the integer multiple of the
2n radians [18]. The conditions (2) and (3) are usually used when analyzing the
oscillators in the electronic circuits. On the other hand, one can also use the null of the
system’s determinant when F(s) and H(s) cannot be easily determined in the circuit. The
system given in Fig. 1 can be described in a matrix form as,

{—FI(S) _Hl(S)MLYJ}:m @)

where the determinant of the system is A(s)=1 — F(s)H(s). For F(s)H(s) = 1,
Re{A(jw)} =0 ®)

Im{A(jo)} =0 (6)

i.e. real and imaginary part of the system’s determinant simultaneously equals to zero.
Therefore, either conditions (2) and (3) or (5) and (6) can be used as the theoretically
well-established methods to relate the stability conditions and circuit’s parameters. It
should be noted that, when oscillator circuits are considered, like in OBT, there is no
input signal i.e. X=0. It means that the system given in (4) may have infinite number of
solutions or no solution [19]. However, by careful selection of the circuit parameters, one
of the solutions can be ensured, i.e. sustained oscillations should be possible.

The choice of F(s) strongly depends on the H(s). The second-order low-pass and
high-pass filter general transfer function is,

1
s S 1 l
ot * o™
where G is the low-frequency gain of the filter, Q is the quality factor, and wo is the

cutoff angular frequency of the filter. The phase characteristic of the low-pass transfer
function (7) is given with,

()

HLP(S):G(

[0)
Z{H(jw)} =—atan @ : 8)
-

As the frequency w approaches wo, (8) converges to the —z/2. To obtain the frequency
of oscillations in vicinity of wo feedback transfer function should introduce additional z/2
phase shift to fulfill the condition (3) for k=0. This can be achieved with the first order
all-pass transfer function of a form,
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which gives the following phase response,
Z{Fe(jo)} :7r—2atan(%o). (10)

Similarly, for the second order high-pass transfer function,

g2
HHP (S) =G ) %)g ) (11)
(%g * %Qwo)”j

/ Qap) (12)
AO :

with phase response,

Z{H, (jw)} = 7 —atan

the appropriate F(s) would be the sign inverted (9), i.e.,

1— S
FHP (S) = —600 ) (13)
1+S
Wy
Z{Fp(jo)} = —2atan(% ). (14)

In case of a high-pass filter, the feedback provides additional —=/2 of the phase shift,
to compensate for the z/2 obtained in (12) when w approaches wo. In (11), G represents
the high-frequency gain of the filter.

The general form of the second order band-pass filter transfer function and associated

phase response are,
Y
% (15)

+%Qwo)+1j

Z{Hg (jo)} == —atan /Q/O) : (16)
a)O

According to (16), in a vicinity of wo, condition (3) is automatically fulfilled. Therefore,
the simple unity feedback should be enough to open the possibility for sustained
oscillations, i.e. Fep(s) = 1. In this case wo is the central frequency of the filter, and the
expected gain for w = wo is Go = GQ.

HBP(S):G( 5
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The influence of the proposed F(s) to the H(s) is illustrated in Fig. 2 where the
frequency responses of the open loop transfer functions, H(s)F(s), are shown. All
examples are given for the fo=wo/(27) =10kHz.
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Fig. 2 Frequency responses of the F(s)H(s) for a) LP, b) HP and c) BP cases, fo = wo/(2r)
=10kHz

As can be seen from Fig. 1a and Fig. 1b the introduced all-pass F(s) ensures the zero
crossing of phase for the LP and HP filters at the w = wo. This is also the case for the BP
filter with unity feedback shown in Fig. 1c. For all three cases LP, HP, and BP there is a
continuous, monotonic, phase response. By now only the phase response is considered
i.e. the proposed feedback transfer functions are derived with respect to the phase
responses only (condition (3)). To achieve the sustained oscillations, condition (2) must
also be met, i.e. there must be enough gain/attenuation in the loop. This is the part that
will be determined experimentally by adjusting the gain of the filter. The gain will be
held in the allowed boundaries to keep the filter in the stable state when proposed F(s) is
not applied. As it will be discussed in the next section, for the examined circuit realizations, G
and Q parameters are mutually dependent thus by choosing one, the other is automatically
determined.
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3. CIRCUIT REALIZATION OF THE OBT STRUCTURES

In this section circuit realization of the proposed OBT structures will be discussed.
The LP, HP and BP have the Sallen-Key topologies. To obtain highly realistic simulation
results, the model of the operational amplifier (opamp) designed for the 180nm CMOQOS
technology process is utilized. The internal topology of the employed opamp is shown in
Fig. 3. The topology contains the folded cascode input stage (transistors M1-M12) and
inverter-based class-AB output stage (transistors M13 and M14) biased with the floating
voltage reference source (transistors M15-M18). The BP1-3 and BN1-3 are the voltage
biasing points for the entire opamp [20]. The opamp is internally compensated with the
C1=C»=1.2pF and R=1.5kQ. The nominal power supply voltage for the 180nm technology is
1.8V and the common-mode voltage for the signals is set to Vem=1V.

Vdd Vdd

Ms |p+—[ Me6

vdd BP2 v
M7 |p——d[ ms

M4 _|p—oBPI —
d[ M3

Mis|pb—s—d[ Mi6 BN3
J BP3 : M1|7:||—9—||:M18- QU

la

BN2

Mo |F——][ mi0 € | €2
—BNT
Ml J——[ mi12

Fig. 3 The schematic of the opamp model used in realization of the OBT filter structures

Table 1 summarizes the key opamp parameters, where the DC-gain (Apc), gain-
bandwidth product (GBW), phase margin (PM), settling time (ts) and slow-rate (SLR), are
given for the unity-gain configuration. The opamp itself will introduce some phase shift
as well. However, this should not contribute significantly to the overall loop phase shift
since The Gain-Bandwidth Product (GBW) exceeds the target Oscillation-Based Testing
(OBT) oscillation frequency, fo, by three orders of magnitude, where fo is set at 10kHz.
Therefore, in further derivations of the circuit transfer functions opamp will be considered as
an ideal.

Table 1 The key opamp parameters

Aoc [dB] GBW[MHz] PM[] t,[ns]  SLR[V/us]
103.16  38.72 58.80 268.46 23.72
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The proposed circuit realization of the OBT structures for the LP and HP filters are
shown in Fig. 4a and Fig. 4b, respectively. The test mode is selected by setting the switch
at the position 1. The normal mode of operation is for the switch position 0.

R R

a) LP OBT ) b) HP OBT
Fig. 4 The OBT structures for the LP and HP filters

As suggested in (9) and (13) the first order all-pass filters are connected between the
output node (Vour) and the switch node 1. Assuming an ideal opamp the transfer functions
of first-order all-pass filters are,

— -1 forlLP
1-sRC { (19)

Fow()=p—— p=
e (9) p1+sRC P 1 forHP

According to (19) the RC constant should satisfy the relation, wo=1/(RC). The general
form of Q and wo for the LP and HP filters from Fig. 4 are,

Wy =——=,Q= . (20)

Cl CZRZ ’ -
B oo BT (B E)E] e
R G C VG R,

where, G = 1 + Ra/Ry. Since the prime goal is the proof-of-concept i.e. to force the CUT
to oscillate, following simplifications are made, R1=R,=R, C1=C,=C=1/(woR) leaving the
Ra/Rp as the free parameter that sets both, G and Q of the filter. For this choice of component
values, G should be smaller than three to keep the filter stable since, Q=1/(3 - G).

The proposed OBT structure for the BP filter is shown in Fig. 5. According to (16)
only unity feedback should be applied.
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Fig. 5 The OBT structures for the BP filter

The Q and wo for the BP shown in Fig. 5 are,

o ol L (LR gk
NN R'2)02R3'Q_w{CZRfClRi(HRf(l ® RH @

Selecting the R1=R,=R and C;=C,=C, results with the w=\2/(RC) and Q =V2/(4 — G).
The filter's stability is preserved for the G smaller than four.

4. DEFECTS MODELING FOR CIRCUIT SIMULATION

To demonstrate the application of the proposed OBT structures one of them will be
additionally analyzed by introducing defects into the passive components. The BP OBT
structure is chosen for this purpose. Two types of hard defects are introduced namely, the
stack-at-short (SAS) and the stack-at-open (SAO). In the circuit simulation, the SAS is
modeled by setting the small resistance of 1m€Q across the component terminals while the
SAO is modeled by the large resistance of 1TQ in series with the component. The extremely
small resistance value of 1mQ ensures that the voltage drop for the expected mA currents will
be in the sub pV range that can be considered as a short circuit. Also, 1TQ resistances should
keep the currents in pA range for voltages of the order of 1V modeling the open circuit.

Considering that the variation of the on-chip resistances and capacitances is very large
(about 20%), the significant amount of component value change must be introduced to
provoke the soft defect [21]. Since on-chop components are realized as the polygons of
the certain width, W, and lengths, L, the soft defects are modeled by relating the £50%
change of component dimensions (W and/or L) to the component value. It is important to
note that the resistance value is proportional to the L/W ratio and that the capacitance
value is proportional to the WL product. E.g. changing the L and W in the same direction
by the same amount will not influence the resistance but will influence the capacitance
value. On the other hand, by changing the L and W in the opposite directions by the same
amount will not influence the capacitance value (area stays the same) but it will influence
the resistance value. Therefore, adopted absolute change in the resistance and capacitance
values from the nominal one are AR = [-67%, —50%, —33%, 50%, 100%, 200%] and AC
= [=75%, —50%, 50%, 125%], respectively. In total there are six soft defects for each resistor
and four for each capacitor. Since, BP filter contains five resistors and two capacitors the total
number of the soft defects is thirty-eight. Considering two hard defects per component the
total number of hard defects is fourteen.
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5. SIMULATION RESULTS

The SPICE simulation results for the OBT structures of the LP, HP and BP filters are
shown in Fig. 6. The waveforms of the output voltage, Vou, are given in subfigures a), c)
and e) while the corresponding spectrum, obtained from 4096-point FFT, is given in
subfigures b), d) and f). Based on the waveforms, it takes about 0.4ms for the OBT
structures to start oscillating. It can be concluded that the theoretical assumptions
regarding the proposed feedback transfer functions are valid.
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—_—

1.5 1
1.0 4
0.5 1
0.0 1
0

0.5 1.0 1.5

2.0

" Time [ms]
a) LP OBT waveform
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z
§0 1.0
§ 0.5
0.0 1 ! ! ]
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¢) HP OBT waveform
s ARARRARRT
>
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0.0 u 'U u ] ]
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e) BP OBT waveform
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—100 1
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Frequency [kHz]

d) HP OBT spectrum
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Frequency [kHz]

f) BP OBT spectrum

Fig. 6 The simulation results for the LP, HP, and BP OBT structures

The columns two through four in Table 2 summarize the most-commonly observed
parameters for the FF CUT when OBT is applied. These parameters are, oscillating frequency,
fo, output voltage amplitude, Vo, the total-harmonic distortion, THD (calculated up to 10"
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harmonic) and average supply current, lpp. Due to the component non-idealities, obtained
oscillating frequency slightly differs from the target 10kHz.

Table 2 The OBT parameters for the FF CUT in test mode

CUT fo  Vou THD" Ipp G Q C R Rs

[Hz] [mV] [%] [mA] [pF] [kQ] [kQ]
LP 9645 900 2237 1296 2 1 45 350 50
HP 9645 900 1270 1.407 2 1 45 350 50

BP 9564 900 1243 1192 225 0808 60 375 625
" Calculated up to 10™ harmonic

The values of the G and Q are given in the sixth and seventh column, respectively.
The nominal values of the components are given in the last three columns. Ry is set to
50kQ in each realization. Since the integrated circuits implementation is intended,
relatively large value is chosen for R to keep the values of C in pF range (wo « 1/(RC)).

The complete fault dictionary for fourteen hard defects introduced into the BP OBT
structure is given in Table 3. The first two columns contain the component name and the
defect type. The rest of the columns contains the observed parameters. The defects are
detected by tracking the deviation between parameters of the FF CUT and the faulty CUT.

Table 3 The fault dictionary for hard defects of the BP OBT structure

Comp. Defect  fo [HZ] Vou [V] Iop [A] THD [%]

C: SAO 187.08E+3 899.77E-3 430.72E-6 7.08
C. SAO - 10.88E-15 1.192E-3 -
Ri  SAO - 6.83E-15 1.192E-3 -
R.  SAO - 115.77E-18  147.64E-6 -
R:  SAO - 249.80E-15 1.192E-3 -
Ra  SAO 62.01E-15 1.192E-3

Ro  SAO 1.32E+3 900.00E-3 188.11E-6  25.55
Ci SAS - 5.27E-15 1.192E-3 -
C. SAS - 1.89E-15 199.27E-6 -
R:  SAS 14.96E+3  899.77E-3 516.28E-6  44.68
R.  SAS - 3.77E-15 1.192E-3 -
R: SAS 18.14E+3  899.77E-3 188.78E-6 9.38
Ra  SAS 1.33E+3 899.65E-3 194.89E-6  25.39
Rp,  SAS - 62.51E-15 1.192E-3 -

The hard defects classification for the BP OBT structure is presented in Table 4. The
total coverage is 100% since the effect of all introduced defects is such that changes one
or more of the observed parameters of the FF CUT. Two classes of the response are
identified: Oscillations and No-oscillations. The Oscillations class covers the defects that
do not change the oscillation frequency of the OBT structure but changes one of the other
observed parameters (Vou, THD or Ipp). The No-oscillation class contains the defects that
do not allow oscillations (denoted with a dash in the frequency and THD columns of
Table 3). In the case of the BP OBT structure there are five defects in Oscillation class
and they can be detected by THD or the Ipp deviation from the same parameters of the FF
CUT given in Table 2 (BP row).



12 D. MIRKOVIC, M. MILIC, M. STANOJLOVIC MIRKOVIC

There are nine defects in the No-oscillation class, where two of them can be detected
by the deviation of Ipp (R2 SAO and C, SAS) and five cannot be diagnosed since they
produce no change in the power supply current, Ipp.

Table 4 Classification of hard defects for the BP OBT structure

Response class Oscillations No oscillations
Diagnosed by frequency, THD or current by current  Undiagnosed
Number 5 2 7
Percentage 35.71% 14.29% 50.00%

The fault dictionary for the soft defects in resistors and capacitors of the BP is presented in
Tables 5 and 6, respectively. Again, 100% coverage is achieved. In this case the fifty-fifty
split between Oscillations and No-oscillations classes is identified as summarized in Table 7.

Table 5 The fault dictionary for soft defects in resistors of the BP OBT structure

Comp AR [%] fo [HZ] Vout [V] loo [A] THD [%]
200 - 156.60E-15 1.192E-3 -
100 - 74.95E-12 1.192E-3 -
R, 50 - 18.80E-6 1.192E-3 -
-33 9.75E+3  899.70E-3 954.000E-6 414

-50 10.35E+3  899.80E-3 818.700E-6 15.67
-67 11.00E+3  899.80E-3 714.700E-6 3251
200 4.11E+3  899.80E-3 474.500E-6 20.27
100 5.62E+3  899.80E-3 598.600E-6 16.83
50 6.96E+3  899.80E-3 754.500E-6 22.93

Re -33 A 310.90E-15  1.192E-3 :
-50 ; 142.30E-15  1.192E-3 ]
67 ; 67.34E-15  1.192E-3 ]
200 - 44330E-15  1.192E-3 -
100 ; 35.02E-12  1.192E-3 ]
% 50 ; 7.98E-6 1.192E-3 ]
33 10.00E+3 899.80E-3  805.300E-6  20.21
50  10.64E+3 B899.80E-3  651.200E-6 8.89
67 1150E+3 899.80E-3  511.000E-6  29.17
200 - 148.40E-15  1.192E-3 -
100 ] 25470E-15  1.192E-3 ]
o 50 . 502.60E-15  1.192E-3 ;
a 33 842E+3 899.70E-3  673.200E-6  19.14
50  7.61E+3 899.70E-3  516.700E-6  15.00
67  6.43E+3 B89970E-3  365.800E-6  26.31
200 96.42E+3 899.90E-3  352000E-6  22.38
100  758E+3 B899.80E-3  510.000E-6  20.73
. 50  849E+3 899.80E-3  676.400E-6  25.32
33 ) 597.40E-15  1.192E-3 )
-50 ] 27410E-15  1.192E-3 ;

-67 - 156.20E-15 1.192E-3 -
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One half of soft defects does not produce oscillations but preserve the same Ipp as the
FF CUT (undiagnosed). The other half of soft defects keeps the OBT structure in the
oscillation state and can be diagnosed by deviation in frequency, THD or Ipp. Finally, for
a better insight the classification results given in Tables 4 and 7 are presented graphically
inFig. 7

Table 6 The fault dictionary for soft defects in capacitors of the BP OBT structure

Comp. AC[%] fo[Hz]  Veu[V] Ioo[A]  THD [%]
125 - 155.00E-15  1.192E-3 -
c 50 - 22750E-9  1.192E-3 -

L 50 11.70E+3 899.80E-3 778.900E-6  6.88

-75 13.89E+3 899.80E-3 624.800E-6  17.04

125 561E+3 899.80E-3 760.500E-6  17.35

c 50 7.27E+3 899.80E-3 910.700E-6  3.42
2 -50 - 189.10E-15  1.192E-3 -
-75 - 60.73E-15  1.192E-3 -

Table 7 Classification of soft defects for the BP OBT structure

Response class Oscillations

No oscillations

Diagnosed by frequency, THD or current ~ Undiagnosed
Number 19
Percentage 50.00% 50.00%

No Oscillations
No oscillations by
oscillations Undiagnosed frequency,
2y No 50% THD or
o oscillations curlr:nt

by current
14%

50%

a) Hard defects b) Soft defects

Fig. 7 The share of the diagnosed/undiagnosed defects in the response classes for the BP
OBT structure

6. CONCLUSION

In this paper, possible solutions for the feedback transfer functions applied in OBT test
structures of active RC filters are examined. The proposed feedback transfer functions are
successfully applied to three types of second-order Sallen-Key filters LP, HP, and BP. The
solutions are derived according to the phase responses of the examined filters.
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For each examined filter the key relations between filters’ cut-off/central frequency,
Q factor and the gain G, are derived. Based on these relations an appropriate strategy for
selecting the values of the circuit’s elements is given.

The proposed OBT structures are custom designed targeting the 180nm CMOS process.
The internal topology and main characteristics of the opamp are presented. The opamp is
designed with the goal of minimizing its influence on the overall frequency characteristics
of the filter. The theoretical assumptions regarding proposed feedback functions are confirmed
with the SPICE simulations showing that all three of the proposed OBT structures oscillate at
the filters cut-off/central frequency.

The OBT is further demonstrated on the OBT BP structure where total of fourteen
hard and thirty-eight soft defects are introduced into the BP passive components. In both
cases 100% defect coverage is achieved. For better insight the defects are classified first
by the response type, and then by the parameter that can be used for the defect diagnosis.

There are two main contributions of this work. Firstly, it is the introduction of the all-
pole transfer functions in the LP and HP OBT structures which enabled the oscillation
frequency near the filters' cut-off frequency. These cases are not previously examined in
[11] and [13]. Secondly, based on the simulation results for the BP OBT structure, it was
shown that tracking the power-supply current as an additional parameter to the output
voltage waveform and spectrum, improvements in the defects diagnosis can be achieved
(e.g. 14% in the No-oscillations class, for hard defects, Fig. 7a). In the future work the
proposed methodology could be applied to different circuit topologies with the goal of
exploring the possibilities for the defects' detection and diagnosis.
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