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Abstract−− This paper addresses the problem of 

testing continuous-time nuclear-pulse shapers using 
Oscillation-Based Test (OBT). The proposal is to 
convert the whole systems into non-linear oscillators, 
avoiding the partition in low-order sections. The de-
sign of the oscillators is very simple because the non-
linear elements are mathematically modeled using 
the describing function approach, and the study of 
the oscillators is made using techniques of linear sys-
tems. The test strategy presents high fault coverage 
and requires only one test session. The last charac-
teristic allows reducing the time required for execut-
ing the test and the complexity of the test controller. 
The OBT schemes are validated using deviation and 
catastrophic fault models. 
Keywords−− Oscillation-based test, nuclear pulse 

shaper, testing 
 

I. INTRODUCTION 
Nuclear pulse shapers are used for ionizing radiation 
spectroscopy usually associated with Multi-Channel 
Analyzers (MCA) in order to obtain the spectra of the 
radiation field under study.   

The block diagram of a typical radiation spectros-
copy system is presented in Fig. 1. In the figure, a pre-
amplifier amplifies the charge signal, Qδ(t), delivered 
by the detector. The shaper processes the preamplifier 
output and an Analog to Digital Converter (ADC) con-
verts the shaped signal to the digital domain. Finally, 
the MCA obtains an energy histogram.  

Convenient conditions for spectroscopy applications 
are achieved when the pulse delivered by the shaper is 
Gaussian or semi-Gaussian (Knoll, 2000). There are 
several ways for implementing Gaussian shapers, but an 
extended and very simple alternative is by means of 
connecting a differentiator in cascade with several inte-
grators. For this kind of topologies, the approximation 
to the Gaussian pulse-shape improves as the number of 

integrators in the cascade increases. In practice, con-
figurations with two up to six integrators are employed. 

Despite the fact that nuclear pulse shapers are 
widely used in the nuclear industry and in basic and 
applied research, the problem of testing them remains 
unexplored. In this paper, a simple and efficient test 
solution is proposed for continuous-time pulse shapers, 
using a particular test strategy named Oscillation-Based 
Test (OBT).  

OBT has been proposed for the first time by Arabi 
and Kaminska (1996) as a test strategy able to detect 
commonly observed defects in the manufacturing proc-
ess. However, the circuit resources added to the original 
system for testing can be re-used for implementing peri-
odic test during the in-field operation. This kind of test 
is particularly important for portable and critical appli-
cations demanding a high degree of confidence in the 
circuit. 
 

II. PREVIOUS WORK ON OBT 
The core idea in OBT is the conversion of the Circuit 
under Test (CUT) into an oscillator, adding some extra 
components to force the circuit to oscillate. It is as-
sumed that a fault in the CUT will produce deviations in 
the frequency or in the amplitude and consequently it 
will become observable (Arabi and Kaminska, 1996). 
Some of the reasons that make this approach very at-

CHARGE 
PRE- 

AMPLIFIER 

SHAPER 
 

ADC 

 
ENERGY 

HISTOGRAM 

Qδ(t)

 
MCA 

 
Figure1 1. Radiation spectroscopy system. Block 

diagram. 



G. PERETTI, E. ROMERO, C. MARQUÉS 

164 

tractive are: its concept is very simple; it avoids the 
need of resources for stimulus generation and applica-
tion and it requires relatively simple measurements. 
These characteristics allow the application of this strat-
egy in Built-In Self-Test (BIST) structures. 

OBT has been successfully applied to a number of 
analog and mixed-signal circuits. At this point, it is nec-
essary to remark that nuclear-pulse shapers are a special 
kind of filters optimized for Gaussian response to step 
inputs. For this reason, the attention is focused on pre-
vious work related to the application of OBT to filters. 

The test of several types of continuous-time filters 
by OBT is reported by Santo et al. (1997), Arabi and 
Kaminska (1999) and Wong (2000). An important 
group of papers has also been devoted to study the ap-
plication of OBT to Switched-Capacitor (SC) filters 
(Huertas et al., 1999, 2000, 2002a; Kac and Novak, 
2004) and the guidelines established by the authors 
could be extended to continuous-time filters and conse-
quently to the circuit addressed in this paper. 

In the above-referenced papers, all CUTs are low-
order filters. This characteristic allows the mathematical 
modeling of the oscillators and extracting the analytical 
expressions for the oscillation parameters. Huertas et 
al., (1999) address the test of high-order filters, apply-
ing the “divide and conquer” principle for partitioning 
the filter in low-order sections. In this way, the testing 
problem is reduced to a sequentially implemented test of 
low-order sections. Huertas et al. (2002b, 2003) also 
apply this principle for testing Sigma-Delta modulators. 
Additionally, they propose a set of changes in the origi-
nal system for obtaining a low-pass characteristic. In 
this way, it is possible to use the Describing Function 
Approach (DFA) for the mathematical modeling of the 
oscillators. 

Recently, several authors reported the application of 
OBT to filters for which the partition in low-order sec-
tions is not possible. Particularly, Romero et al. (2005) 
target the test of third-order SC ladder filters. The good 

results obtained motivated the extension of the strategy 
to higher-order filters (Peretti et al., 2005). Although the 
authors of these papers have shown that the application 
of OBT to this kind of systems is feasible, the results 
should be considered valid only for SC ladder topolo-
gies. There is no evidence that the application to other 
ladder filters implementations like RC or Gm-C will be 
successful. 

In this paper, the partition of the shaper in low-order 
sections is intentionally avoided, with the aim of main-
taining a low intrusion in the original system. This al-
lows low performance degradation in normal mode due 
to the reduced complexity of the circuits to be added for 
implementing the test. By other way, the circuits are not 
modified for obtaining the best conditions for the appli-
cation of DFA. In this sense, it is assumed that this 
method is only an approximation, allowing a rapid “first 
cut” design of the oscillators that have to be validated 
by simulations. Additionally, it is proposed a graphical 
methodology for analyzing the oscillators because the 
high order of the resulting expressions complicates the 
analytical handling. 

 

III. CIRCUITS UNDER TEST 
Figures 2 and 3 show the three-integrator and four-
integrator shaper configurations adopted as cases of 
study. In these figures, the first section introduces a zero 
and a pole in the global transfer-function and the re-
maining sections introduce only a pole each. The last 
amplifier in the cascade is designed for obtaining unity 
gain for unity-step input and for providing inversion if it 
is necessary. The values of the circuit parameters are 
reported in Table 1.  

For implementing the shapers, the OPA656 opera-
tional amplifier is used. Figures 4 and 5 show the step 
responses of the three and four integrator shapers, ob-
tained by SPICE simulations using the simulation mod-
els provided by the vendor.  
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Figure 2. Three-integrator shaper. 
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IV. OBT IMPLEMENTATION 
As it was previously stated in this paper, the whole fil-
ters are converted into oscillators. In this way, only the 
input and the main output are manipulated to switch the 
circuit from normal to test mode, as it is illustrated in 
Fig. 6. In test mode, the CUT (shaper) is isolated from 
the rest of the circuit by means of S1 and S4 switches, 
while S2 and S3 connect the feedback path for forcing 
the oscillations. In normal mode, S1 and S4 remain 
closed and S2 and S3 are open. 

For implementing OBT it is adopted a scheme that 
uses a non-linear circuit in the feedback path. The prin-
ciple of the oscillator and the characteristic of the non-
linear circuit are both depicted in Fig. 7. The advantages 
of this kind of oscillators for implementing OBT are 
widely explained by Huertas et al. (1999, 2000, 2002a).  

It should be mentioned that the non-linear circuit 
could be easily implemented by adopting the scheme 
depicted in Fig. 8. The comparator drives the analog 
switches SW1 and SW2 and obtains +Vref or –Vref at 
the output of the non-linear circuit, depending on the 
polarity of the signal delivered by the CUT. 

Regarding the OBT implementation details, the ade-
quate selection of the switches present in the OBT 
scheme (Fig. 6) is very important, because they provide 
the programmability of the structure, allowing the test. 
However, these switches can affect the performance of 

the system in normal mode.  
The main characteristics of these switches are their 

“on” and “off” resistances, named Ron and Roff respec-
tively. The values of these parameters have to be care-
fully selected, depending on the point where they are to 
be inserted. For the cases under study, the most critical 
switch is S1. It is connected to the input of the shaper 
and is part of the signal path in normal mode. For this 
switch, Ron has to be negligible when compared with 
R1 (three-integrator shaper, Fig. 2) or R4 (four-
integrator shaper, Fig. 3) in order to avoid affecting the 
time constants of the first stage of the shapers. Similar 
consideration has to be taken into account for S2, due to 
for this switch Ron affects the oscillation condition. S3 
connects the output of the shaper under test to the high 
input impedance of the comparator (non-linear element, 
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Figure 3. Four-integrator shaper. 

Table 1. Circuit parameters. 
Parameter (three-integrator shaper) Value 
R1, R2, R3, R4, R6, R7, R9, R10, R11, R14  10KΩ 

R5, R8, R12 5 KΩ 
R13 7.83 KΩ 
R15 35.7 KΩ 

C1, C2, C3, C4 0.0334 nF 
Parameter (four-integrator shaper) Value 

R1, R2, R3, R4, R5, R6, R7, R10, R11, R13, 
R14, R15  

10KΩ 

R8, R9, R16, R17 5 KΩ 
R12 52.85 KΩ 
R18 8.4 KΩ 

C1, C2, C3, C4, C5 0.025nF 
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Figure 4. Three-integrator shaper. Step response. 
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Figure 5. Four-integrator shaper. Step response. 
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Fig. 8); consequently, Ron is not critical for S3. Finally, 
S4 is used for connecting the output of the shaper to the 
ADC input (Fig. 1). If the ADC has high input imped-
ance, then Ron parameter is not critical for S4. For all 
the switches, the parameter Roff has to be as high as 
possible in order to provide an effective isolation. 

An alternative for implementing the NL circuit is by 
using a logical inverter (or a couple of inverters if inver-
sion is not necessary) as proposed Arabi and Kaminska 
(1999). In this case, it is necessary to adjust the supply 
voltages of the inverters in order to obtain the required 
Vref. 

V. ANALYSIS OF THE OSCILLATION 
CONDITIONS 

DFA is adopted for the mathematical modeling of the 
non-linear elements present in the circuits. This ap-
proach allows using tools employed for linear systems 
analysis, reducing the complexity of the study. 

Using DFA it is possible to model the non-linear 
element transfer function as an equivalent gain N(A). 
For the abrupt non-linear characteristic of Fig. 7(b), this 
gain is proportional to the extreme values (Vref) and 

inversely proportional to the amplitude (A) of the signal 
at the output of the shaper (NL_in ): 

 
A

VrefAN
π
⋅

=
4)( . (1) 

The full analysis for obtaining (1) can be found in 
the literature (Gibson, 1963). 

Due to the high order of the involved transfer func-
tions, the oscillation conditions are determined from the 
AC analysis available in SPICE. In this way, it is possi-
ble to achieve a straightforward design of the oscillators. 

The oscillation can be forced at the frequencies for 
which the system frequency response presents a phase-
shift multiple of π. At these frequencies, the inverse of 
the filter transfer-function module is the required gain, 
or the value of the describing function N(A) imple-
mented by the non-linear element. The oscillation am-
plitude is obtained making this value equal to (1). The 
oscillation frequency is directly obtained from the Bode plots. 

The three-integrator shaper frequency response is 
band-pass type as can be observed in Fig. 9. Two differ-
ent oscillation conditions are possible for this circuit. 
One of them (Mode1) is located at 1.078 MHz and re-
quires a gain of 11.258db. The other one occurs at 
196.112 KHz with a required gain of -2.528db (Mode2). 
In the figure, the arrows show the points where the os-
cillation condition is fulfilled, and it is indicated the 
value (frequency, filter transfer-function module) for the 
two modes. The establishment of a particular oscillation 
mode depends on the sign of the non-linear feedback 
path. 

It should be mentioned that under test conditions, the 
signal at the shaper input is square due to the character-
istic of the non-linear element used for forcing the oscil-
lations. The spectral purity of the oscillator output is 
related to the ability of the shaper for attenuating the 
high-order harmonics of the input signal. When Mode1 
is established, these harmonics are considerably attenu-
ated and the output is almost sinusoidal. The situation is 
quite different for Mode2 due to several harmonics are 
not attenuated and consequently, the output signal con-
siderably departs from the sinusoidal shape. The wave-
forms obtained in Mode1 and Mode2 are depicted in 
Figs. 10 and 11 respectively. 
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Figure 6. Oscillator implementation. 
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The four-integrator shaper frequency response is re-
ported in Fig. 12. In the figure it is observed that there 
are two limit-cycle conditions located at 839.46KHz 
with a required gain of 5.32dB (Mode1) and 203.28KHz 
with a gain of  –2.13dB (Mode2). Due to the previously 
stated considerations for the three-integrator shaper, 
only the Mode1 oscillation is sinusoidal. The wave-
forms obtained from both oscillation modes are depicted 
in Figs. 13 and 14.  

It should be mentioned that for both shapers, the 
conditions required for applying DFA are completely 
fulfilled only for Mode1. Despite this fact, we remark 
that the use of DFA has allowed the prediction of the 
limit-cycle conditions, but with considerable errors in 
the estimated oscillation parameters for Mode2. Conse-
quently, the use of this simple and appealing tool re-
quires the validation of the oscillators by simulation 
(Huertas, 2004). Other tools can be used for the analysis 

(Pavan and Tsividis, 1998), but require a cumbersome 
methodology for the oscillators design. 

The amplitude and frequency predicted by the pro-
posed graphical-analytical method (T), the obtained 
ones from circuit simulations (S) and the corresponding 
errors (T-S) are reported in Table 2. Vref is settled to 
2.9V for both shapers. As previously stated, the errors 
for oscillations in Mode1 are negligible.  

Mode1 is selected for implementing OBT, due to the 
better spectral purity of the resulting signals. Addition-
ally, the accuracy of the predictions using DFA allows 
changing the test conditions (by altering the values of 
Vref) and determining the oscillation conditions in a 
simple way. 
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Figure 10. Three-integrator shaper. Mode 1 output signal.
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Figure 11. Three-integrator shaper. Mode 2 output signal. 

Table 2. Oscillation parameters and errors. 
3 Integrator-shaper 4 Integrator-shaper Parameter 

Mode 1 Mode 2 Mode 1 Mode 2 
Amplitude (T) [V] 1 2 2 2 
Amplitude (S) [V] 1.05 2.34 2.07 2.59 
Amp. Error (T-S) [%] 5.5 17 3.5 29 
Frequency (T) [Hz] 1078000 194000 839460 201873 
Frequency (S) [Hz] 1005200 91633 813000 142588 
Freq. Error (T-S) [%] 6.7 50 3.15 29.75 
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VI. FAULT INJECTION IN THE PASSIVE 
COMPONENTS 

Two fault models are adopted for performing the 
evaluation of the OBT schemes: single deviation-fault 
and single catastrophic-fault (short and open circuits) in 
the passive components of the shapers. Additionally, the 
open-circuit fault-injection procedure is extended for 
covering all the circuit nodes. This is equivalent to take 
into account all possible open circuit faults (Roh and 
Abraham, 2003).  

The deviation-fault injection procedure suggested by 
Huertas et al. (1999) is adopted in this paper with the 
aim of obtaining comparable metrics. Particularly, we 
inject faults of +50%, +20%, -20% and –50% in all the 
circuit parameters. In this study, it is assumed that a 
fault is detected if it produces a 5% deviation in the fre-
quency or amplitude of the oscillations. This detection 
threshold is arbitrary and can be modified if the preci-
sion of the frequency and amplitude measurement sys-
tems is improved (Wong, 2000; Romero et al., 2004, 
2005; Peretti et al., 2005). 

VII. FAULT SIMULATION RESULTS 
A. Three-integrator shaper 
A total of 57 catastrophic-faults have been injected in 
the three-integrator shaper and all of them were de-
tected, resulting in fault coverage of 100%. Addition-
ally, 76 single deviation-faults have been injected in the 
circuit parameters, obtaining an optimal coverage of 
100%. The nomenclature adopted for the injected faults 
is reported in Table 3. 

In Table 4 are depicted the catastrophic-fault simula-
tion results for the three-integrator shaper. From this 
table, we conclude that it is possible to obtain 100% of 
catastrophic fault coverage by implementing only am-
plitude measurements. It should be highlighted that only 
the faults producing an oscillating output have been 
included in the tables reporting the fault simulation re-
sults.  

The deviation-fault simulation results are depicted in 
Tables 5 and 6. From these results, it is also possible to 
conclude that fault coverage of 100% can be achieved 
only by amplitude measurements. As a result, only the 
circuit for amplitude measurement is required. This is a 
very important issue from the test viewpoint due to both 
the circuital resources and the time required for per-
forming the test are reduced. 

 
B. Four-integrator shaper 
A total of 70 catastrophic faults have been injected in 
the four-integrator shaper and all of them resulted de-
tected (fault coverage of 100%). The fault simulation 
results are reported in Table 7. Additionally, 92 devia-
tion-faults have been injected in the circuit parameters 
and only two resulted non-detected (fault coverage of 
97.82%). The non-detected deviation faults are related 
to C5 capacitor. The fault simulation results are reported 
in Tables 8 and 9. 

Table 3. Nomenclature adopted for the injected faults. 
Nomenclature Fault 

Rj-SHORT Short circuit in resistance j 
Rj-OPEN Open circuit in resistance j 

Cj-SHORT Short circuit in capacitor j 
Cj-OPEN Open circuit in capacitor j 
Nj-OPEN Node j open 

Rj-0.5  –50% deviation-fault in resistance j 
Rj-0.8 –20% deviation-fault in resistance j 
Rj-1.2 +20% deviation-fault in resistance j 
Rj-1.5 +50% deviation-fault in resistance j 
Cj-0.5 –50% deviation-fault in capacitor j 
Cj-0.8 –20% deviation-fault in capacitor j 
Cj-1.2 +20% deviation-fault in capacitor j 
Cj-1.5 +50% deviation-fault in capacitor j 

 
Table 4. Catastrophic-fault simulation results. Three-

integrator shaper. 
Fault 

 
Amp. (+) dev. 

[%] 
Amp. (-)  dev 

[%] 
Freq. dev. 

[%] 
R5-SHORT 37,91 -78,65 -7,80 
R7-SHORT 753,65 750,26 -37,82 
R15-OPEN 772,62 769,15 -33,01 
C1-SHORT 143,76 119,18 -24,37 
C2-OPEN -64,91 -65,04 212,51 
C3-OPEN -67,28 -65,80 221,64 
C4-OPEN -66,80 -65,99 223,00 

 
Table 5. Deviation-fault simulation results. Three-

integrator shaper. 
Fault 

 
Amp. (+). Dev. 

[%] 
Amp.(-) Dev. 

[%] 
Freq. Dev. 

[%] 
R1-05 18,56 17,71 20,59 
R1-08 7,75 7,32 8,70 
R1-1.2 -6,95 -7,32 0,38 
R1-1.5 -16,44 -16,49 -2,94 
R2-08 -10,18 -33,87 4,54 
R3-1.2 11,26 -12,23 4,57 
R3-1.5 26,15 -31,41 2,73 
R4-1.2 -11,60 -21,87 4,18 
R4-1.5 -23,93 -43,50 3,83 
R5-05 26,43 -31,70 2,18 
R5-08 11,39 -12,52 4,21 
R6-1.2 18,75 6,66 0,67 
R6-1.5 42,27 13,13 -4,50 
R7-05 127,64 69,11 3,74 
R7-08 31,84 17,15 105,73 
R8-1.2 11,43 -12,23 3,54 
R8-1.5 26,72 -31,88 3,16 
R9-05 -31,61 -60,98 23,73 
R9-08 -9,99 -21,78 10,11 

R10-1.2 -11,69 -22,06 4,08 
R10-1.5 -23,84 -43,60 4,61 
R11-1.2 18,78 6,22 -0,02 
R11-1.5 42,27 12,42 -4,71 
R12-05 26,53 -31,79 2,77 
R12-08 11,45 -12,33 3,80 
R13-05 18,56 -27,26 4,51 
R13-08 7,37 -9,87 5,41 
R14-1.2 -8,09 -20,26 4,31 
R14-1.5 -16,44 -40,39 4,66 
R15-1.2 19,51 13,37 4,45 
R15-1.5 48,91 36,99 3,41 
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Table 6. Deviation-fault simulation results.  
Three-integrator shaper (cont). 

Fault 
 

Amp. (+). Dev. 
[%] 

Amp.(-) Dev. 
[%] 

Freq. Dev. 
[%] 

C1-05 -45,84 -45,77 25,77 
C1-08 -15,58 -15,92 10,01 
C1-1.2 11,92 13,37 0,19 
C1-1.5 28,52 28,20 -4,16 
C2-05 9,67 8,64 24,25 
C2-08 5,28 4,87 9,80 
C2-1.2 -5,81 -6,19 0,38 
C2-1.5 -14,35 -14,69 -4,34 
C3-05 10,03 9,59 24,82 
C3-08 5,28 4,87 9,48 
C3-1.2 -5,81 -6,19 0,36 
C3-1.5 -14,26 -14,60 -4,34 
C4-05 10,03 9,59 25,14 
C4-08 5,76 5,34 9,93 
C4-1.2 -5,72 -6,28 -0,52 
C4-1.5 -14,35 -14,69 -4,34 

 
It is important to remark that the proposed OBT 

scheme presents catastrophic-fault coverage of 100% 
implementing only amplitude measurements. This be-
comes an important issue if the test engineer is inter-
ested only in the detection of this kind of faults because 
it is possible to formulate a test scheme with a low test-
time and with a low circuit overhead. By other way, 
optimal deviation-fault coverage is not possible al-
though simultaneous amplitude and frequency meas-
urements were implemented. Despite this fact, the re-
sults are very promising and similar to the previously 
reported by other authors.  

VIII. CONCLUSIONS 
In this paper is addressed the problem of testing con-
tinuous-time nuclear pulse shapers, providing a com-
plete and efficient test solution using OBT. Three and 
four integrator shapers configurations are targeted. The 
OBT scheme proposed here is different from the previ-
ously reported by other authors. In those papers, the 
filters are partitioned for testing purposes, giving a test 
scheme with a relatively important intrusion in the 
original system and incrementing the time required for 
the test, which has to be performed in successive test  
 

Table 7. Catastrophic-faults simulation results.  
Four-integrator shaper. 

Fault 
 

Amp.(+) dev. 
[%] 

Amp.(-) dev.  
[%] 

Freq. dev. 
[%] 

R4-SHORT 21,14 14,25 19,24 
R6-SHORT 344,02 344,44 -22,74 
R7-SHORT -41,17 33,24 -4,19 
R13-SHORT 344,02 344,44 -7,17 
R12-OPEN 344,02 344,44 -24,35 
R8-SHORT 32,92 -42,03 7,45 
C3-SHORT 169,79 147,15 -22,14 
C1-OPEN -32,34 -167,63 61,25 
C2-OPEN -33,06 -34,93 64,08 
C4-OPEN -33,35 -33,19 64,45 
C5-OPEN -32,58 -32,71 64,08 
N6-OPEN 344,02 344,44 -24 

Table 8. Deviation-fault simulation results.  
Four-integrator shaper. 

Fault Amp(+)dev. [%] Amp(-) dev. [%] Freq. dev. [%]
R4-05 7,63 7,20 15,01 
R4-08 4,49 4,49 5,79 
R4-1.2 -4,83 -4,98 -1,01 
R4-1.5 -12,40 -12,51 -5,21 
R3-1.2 14,14 28,07 -1,84 
R3-1.5 34,07 71,21 -0,62 
R1-05 -56,95 -38,31 17,98 
R1-08 -19,98 -12,71 7,61 
R6-05 82,14 117,73 -1,82 
R6-08 21,24 30,43 0,00 
R7-05 -18,05 18,26 1,03 
R7-08 -6,81 7,87 -3,38 
R5-1.2 -19,31 -13,33 -0,08 
R5-1.5 -38,85 -27,20 -3,44 
R2-1.2 10,71 17,97 -0,08 
R2-1.5 23,65 42,32 -9,24 
R13-05 81,76 118,31 -5,03 
R13-08 21,53 30,48 -0,31 
R10-05 -56,42 -38,36 9,35 
R10-08 -19,64 -12,85 5,77 
R14-1.2 -19,64 -14,06 -0,97 
R14-1.5 -39,04 -27,34 -2,45 
R11-08 -13,27 -20,34 18,50 
R15-1.2 -11,34 -22,80 5,35 
R15-1.5 -23,02 -44,69 1,92 
R12-1.2 22,92 19,90 0,33 
R12-1.5 55,31 49,86 -2,53 
R18-08 7,58 -8,21 2,74 
R8-05 17,62 -19,32 12,12 
R8-08 7,87 -7,39 7,52 
R9-1.2 8,06 -6,81 4,16 
R9-1.5 18,48 -18,94 3,31 
R16-05 18,19 -19,71 8,23 
R16-08 8,06 -6,86 2,50 
R17-1.2 8,35 -7,25 3,54 
 

Table 9. Deviation-fault simulation results.  
Four-integrator shaper (cont). 

Fault 
 

Amp(+)dev.  
[%] 

Amp(-) dev.  
[%] 

Freq. dev. 
[%] 

C3-05 -47,39 -47,83 13,64 
C3-08 -16,80 -16,52 9,86 
C3-1.2 15,59 15,65 -0,53 
C3-1.5 32,77 33,67 -9,69 
C1-05 5,50 5,65 13,12 
C1-08 4,20 4,49 -0,37 
C1-1.2 -4,15 -3,77 0,33 
C1-1.5 -11,58 -11,16 -9,31 
C2-05 5,98 6,14 12,70 
C2-08 3,72 4,73 12,26 
C2-1.2 -4,20 -3,67 -5,88 
C2-1.5 -11,15 -11,35 -7,93 
C4-05 6,56 5,94 15,48 
C4-08 4,73 4,35 9,89 
C4-1.2 -3,96 -4,06 -7,02 
C4-1.5 -11,87 -11,01 -2,01 
C5-05 5,94 5,89 16,61 
C5-08 4,83 4,25 8,29 
C5-1.2 -4,01 -4,93 -5,60 
C5-1.5 -11,49 -11,35 -4,45 
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sessions. In this work, the system is not partitioned in 
low-order sections with the aim of maintain a low level 
of intrusion in the original circuit. For implementing the 
OBT oscillators, only the input and the main output are 
manipulated. In this way the complexity of the test con-
troller and the test time are both minimized. Addition-
ally, the performance degradation due to the addition of 
the test circuitry is also reduced. This is a very impor-
tant issue for the test of instrumentation systems like the 
addressed in this paper. 

For determining the oscillation conditions is adopted 
a graphical-analytical technique based on the frequency 
response plots obtained from the SPICE simulator. The 
DFA is used for modeling the non-linear elements pre-
sent in the oscillators. Using the proposed methodology, 
the limit-cycle conditions are successfully determined. 
Despite this fact, the errors in the oscillation parameters 
are low only when Mode1 is forced. 

In order to validate the proposed OBT schemes are 
adopted the widely accepted catastrophic and deviation 
fault models for the passive components. For the ad-
dressed faults, the fault simulation results show that the 
proposed OBT schemes allow obtaining high fault cov-
erage, similar to the previously reported by other au-
thors. Additionally, the circuitry required for imple-
menting the test is simple and presents a low overhead. 
All these issues make the approach very appealing for 
testing the addressed shapers. 
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