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Abstract
The expansion of Wireless Systems-on-Chip leads to
rapid development of new design and test methadsid
paper, the test benches defined for design vabdatr
characterization of AMS & RF SoCs are first optieaiz
and then re-used for production testing. Althougle t
original validation test set allows the verificatiof both
design functionalities and performances, this sestis not
well adapted to manufacturing test due to its high
execution time and high test equipments costs
requirement. The optimization of this validationt &
based on the evaluation of each test stimuli. This
evaluation relies on a high level faults simulatimethod.
Hence, a fault model based on the variations of
behavioral parameters and its related qualificatioetric
are presented. This approach is used on the receiag
of a WCDMA transceiver. The test bench optimization
realized is evaluated for manufacturing test thanés
structural fault coverage measurements.

. Introduction

New efficient methods have emerged to design an&iég
and mixed (AMS&RF) or hybrid Integrated Circuit€§).
Nowadays, the test of these IC is becoming a crucia
challenge for manufacturers. The expectations opélfi
consumers impose these systems to
functionalities, better portability, more autonomgnd of
course better quality. They are becoming Systeras-on
Chip (SoCs) or Systems-in-Package (SiP). This asing
complexity forces designers to define new design

methodologies adapted to these complex systems with

shorter time to market and lower manufacturing cost
constraints. However, the problem is not only tbiewee
short time to market but also to control the qyadit final
products. In fact, the more complex systems agentbre
difficult and expensive production is.

The test production of AMS&RF SoC is often perfodme
using a sub-set of the characterization test stinfiie
evaluation of this sub-set is empirically made.sTpaper
presents a method to generate test production Istioru
AMS&RF SoCs. The generation is based on the
evaluation of characterization test set thanksigh kevel
fault injection and simulation technique.

The increasing SoCs complexity involves high sirtiafa
time for AMS&RF systems. In some cases, it is
impossible to simulate the whole system at traosist

include more

level! This problem can be partially solved by désing
the electrical system with higher description level
(behavioral or functional level) rather than sturat level.
So, when it is impossible to simulate and genergesets
at structural level (using low level faults modelsje
propose to use behavioral level descriptions. Qlshg
this work can also serve verification team in cleag
verifying that system architecture meets the sjpatibn
requirements. In this paper, we show on a test sty
the quality of this high level test approach.

In a first part, the fault simulation techniquesthwi
structural and with behavioral level descriptione a
presented. Then, the definitions of the faults nedsed
to validate circuits at structural or behavioraldls are
given. In addition, the different descriptions dfet
WCDMA system applied to validate our method are
presented. In the fourth section, our PLAtform &ystem
qualification with Mixed and Analog signals (PLASNA
is detailed. Then, results provided by PLASMA fbet
receiver part of the WCDMA transceiver are presgnte
Finally, the behavioral fault coverage is compaveth
structural fault coverage.

II. Fault injection & simulation

A. Fault injection

The fault injection is a verification technique ds®r a
long time. It has been used for production testiaghigh
level testing, and for design validation of digit@icuits. It
has also been used for the manufacturing test sivaby
AMS&RF circuits described at the transistor leve] ].
The principle is always based on the simulatioriaoity
circuits generated from the original descriptiomentest.
The faulty circuit can be either created dependinghe
abstraction level by modifying a functionality, @&
mathematical operator, or a specification, or a poment
value...

B. Fault modeling level

The classical modeling level used for the qualtfaa of
manufacturing test set is the structural leveis bhased on
parameter variations of low-level components: indyc
capacitor, resistor, or transistors. The mains cstral
languages used for test qualification are SPICE-lik
languages.
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Fig. 1: WCDMA Receiver Part (RX)

The increasing complexity of SoCs leads to add the
behavioral abstraction level descriptions in the 2&RF
SoC design flow. This abstraction level permits to
describe complex systems with accuracy between
functional level and structural level accuracy. The
behavioral level is a trade off between strengtlis o
functional and transistor levels that are respettishort
simulation times and high accuracy of models. Ténel

has also led to the standardization of behaviarsyliages
like VHDL-AMS [3].

In our tool PLASMA, which operates on behavioral
descriptions, the fault model is made of only gkrand
small modification of the original description. Vdesume
that a huge modification of the description haglelit
chance to appear during the design process. Howiver
this kind of fault appears, it should be easy ttede In

our case, only mutations are used; it means thatyfa
models are generated by only modifying the value of
behavioral parameters.

[11.WCDMA System

The studied system is the receiver part of a WCDMA
(Wideband Code Divided Multiple Accestransceiver.
WCDMA is a technology used for third-generation
cellular systems (3G). The frequency range dowk-lin
(Bases Station to User Equipment) or receiver |mrt
[2110-2170MHz]. The modulation defined in the
WCDMA standard is an 1Q modulation based on two
signals: | "in-phase" component of the waveforng aQ"

Parameters | Typical Value |Minimum [Maximum
S11 -14.47dB -10.25dB
S22 -6.1dB -1dB
Gain 13.85dB 11.85dB | 15.85dB
11P3 -0.24dBm  |-5.03dBm
1IP1 -8.84dBm  |-18.4dBm

Tab. 1: Limitsof a amplifier parameters

It is a classical architecture made of Low Noisepifier
(LNA), external Surface Acoustic Wave (SAW) RFdilt
mixers, base-band Voltage Gain Amplifiers (VGA) and
internal filters. Digital registers (not illustrateén Fig. 1)
control the LNA and VGA gains. These registers petm
control the receiver parameters; they can be used t
control the system during validation [4].

A. Behavioral model

The behavioral model of the LNA is presented ineorih
illustrate this modeling level. In behavioral mddg| two
classes of parameters, functional and electrical
parameters, are defined. The amplifier model is enad
one functional parameter, the power gain (Gain} an
several electrical parameters: input and outputthmces
(Zin, Zout), S parameters (S11, S22), compressionmt @t
1dB (1IP1), third-order intermodulation distorti¢fiP3).
The figure 2 presents the behavioral model of the
amplifier with its functional and electrical paratews. The
table 1 specifies the limits of several parameté&ach
parameter is defined by a typical value and witle on
two worst-case values (minimum and/or maximum
admitted values). In Tab. 1, the gain is specifigdtwo
limits because both limits are significant; the esth
parameters have only one significant limit.

The other blocks of the system are modeled in &mes
way with a few additional parameters: [IP2 (Sec@rder
Intermodulation Distortion), DC offset, and cut off
frequency. The figure 1 gives a parameters listefach
block. Finally, the receiver part is modeled byyRi3
functional and electrical parameterssig. 1). These

represents the quadrature component. WCDMA standard Parameters are the most significant parametershen t

specifies several parameters: maximal and mininagdwi
power, maximal power out of frequency band, ACLR
(Adjacent Chanel Leakage Ratio)...

Figure 1 presents the architecture of the recqiaer (Rx).

lin

Fig. 2: Behavioral model of LNA
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Fig. 3: Structural model of L NA




system design. Obviously, our qualification processid

be applied on a description involving additional
parameters. The WCDMA transceiver is modeled with
VHDL-AMS language.

B. Structural model

Our qualification tool only uses behavioral models.
However, the evaluation of our high level test aagh
requires the use of a lower abstraction level. QrilA

has been described at the transistor model (fipeBause

it would be too time consuming to simulate the renti
system at structural level. So, the evaluation idy o
realized for LNA behavioral and structural paramet©f
course, other structural evaluation could also dsized

for each part of the system. The simulation of the
structural LNA into the system is possible usingltinu
abstraction simulation technique. It means thaukitions

are realized using several abstraction levels: LNA
described at transistor level and others blocglaseribed

at behavioral level. The simulations are realizeth the
Mentor Graphics ADvance MS RF Simulator. The
Mentor Graphics behavioral VHDL-AMS library's
CommLib RF [5] is used.

The 2.1GHz LNA includes an amplifier stage based on
cascode structure (Fig. 3). The advantage of this
architecture is to control the noise and the lillgamput
and output matchers are added for the impedance
adaptation.

IV.PLASMA: PLAtform for System
qualification with Mixed and Analog signals

PLASMA is described in this part. PLASMA is an
automatic test set qualification and generationvwsok
platform based on fault injection and simulatioheTault
simulation technique relies on the comparison & th
simulation results of fault free and faulty cirau{Fig. 4).
Faulty and fault-free models are simulated with shene
input vectors. When the comparison of simulatiosukis
involves a difference, the fault has been bothvatgd and
propagated toward one or more primary outputs; aye s
that the fault is detected. Although PLASMA congam
automatic stimuli generator, only test set quaiiicn part
and optimization will be discussed in this papeheT

optimization functionality involves the reductiorf the
predefined test set by identifying and saving otiig
vectors which detect a fault.

A. Freefault models definition

The qualification of pre-defined test sets is =i by
comparing simulation results. Fault-free models are
simulated with pre-defined vectors and provide $ation
results presumed to be “good” measurement values. T
next comparison is only possible thanks to thea# feee
measurement ranges. Obviously, simulation resiatiseld

to one model instantiated with typical specificaio
would not be enough. Fault-free models are defiasd
models instantiated with parameters values defimed
their specifications ranges. There is an infinity o
parameters combinations thus the problem is torehéate

a realist and representative number of fault-fresiefs.
Some methods are based on Monte Carlo analysist-wor
cases combinations, single variation... [1,2,6].Un case,
fault-free models are defined using the statistical
distributions of behavioral parameters. Then, tagstical
parameters of the simulation results (i.e. measentsh
can be extracted. Generally, Gaussian estimatiatoie
thanks to Monte Carlo analysis but this method iregu
the simulation of too many models. In PLASMA, the
number of fault free simulated models is decreasgd
analyzing the statistical characteristics of theuls: i.e.
the average (1) and the standard deviatirof fault-free
simulation results. The number of fault free sineda
models is increased as long as u andariations are not
negligible. Then, the fault free measurement rargesbe
determined by defining the limits at6

B. Faulty model definition

In part Il, fault model has been defined as a viamaof
behavioral parameters described in the model. Msitzaire
generated by translating one parameter of the radgi
description to a value outside of its specificagiobut the
definition of this faulty value is difficult. Whethis value
is too close to specifications limits, the fault hiardly
detectable because circuit robustness or simulatioh
accuracy mask fault. When this value is too distarfult
free detection limits, the fault is easily detectad less
realistic and could be detected by most of stimuli.
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Fig.4: Test vector qualification & optimization
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The faulty value definition is solving by simulagin
iteratively several parameters values. A first ealis
defined far from limit and a dichotomy algorithrmoals
PLASMA to determine the faulty detection limFi§. 5).
The faulty parameter is computed starting fromrtotee
ranges (Minimal and maximal specified values). The
initial faulty parameter value of a mutant is sfiedi at
the middle of [Rax Prax tau] range where R is the limit
value, and Rax raur iS the maximal accepted faulty value.
This faulty value depends on both its tolerancegean
(PmaxPyp) and its maximal value By saur (Fig. 5). This
maximal accepted valuenR rur €quals to 5 times the
tolerance rangePmax faut Pmax * 5.(Pmax — Pyp). The
dichotomy algorithm is iterated 10 times and deteem a
good estimation of the detection limif,P

This detection limit is computed for every mutated
parameter and every qualified vector. Relative Patec
Coverage (RPC) qualifies the detection limit; RPC i
defined in F. 1

P... —P
RPCle =1- ( faultp ; maxp,_l) (1)

max_fault p ; maxp ,

When the detection limit equals to the specifiaatinit,
then the RPC is 100%. The farer this detectiontligi
from the specification limit, the lower is the RPThe test
set optimization is realized by saving the vechat feads
the lowest RPC.

V. Test set optimization for WCDMA RX
part based on behavioral faults ssmulation

A. Definition of the predefined test set

During the design of complex electrical systems, a

verification plan must be defined. This plan defireow

to validate the design [7]. This plan involves ti&dinition

of test benches. These test benches consist obrsect
which aim to validate system specifications wittah
configurations (Gain, Offset) and with differentpirt
signals characteristics (frequency, power). Forngla,
theses vectors or stimuli verify the values of the
programmable gains, the 1IP3, the 1IP2... Generdhig
manually generated test sets is assumed to beeadtpt
the verification of the specifications. The prob#im of
this paper is to evaluate and to optimize this sett its
generation will not be discussed here. The metoic f
manufacturing test evaluation is presented in th&t n
section.

The validation test set is made of stimuli withgdentone
signals applied on the RF_in input and the RX LO_in

Frequency Power
RF |2113.4MHz | -60dBm
RX LO |2112.4 MHz -7dBm

Tab. 2: Two tonesinput signal parameters

LNA Gain -15dB
VGAL Gain | -10dB
VGA1 Gain Q -10dB
VGA2 Gain | 23dB
VGA2 Gain | 23dB

Tab. 3: WCDMA Receiver part configuration

input (fig. 1); one example of test vector paramsis
given in Tab. 2 and Tab. 3. Tab. 2 describes tre RF
signals RF and LO whereas Tab. 3 gives receivansgai
configuration controlled thanks to digital regisgt@rinputs.
In the following experimental results, a test setismof 98
manually proposed single tone vectors will be eatdd.
These test benches have been optimized with PLASMA.

B. WCDMA faulty models

Faulty models of WCDMA receiver part are defined as
presented in section Il A. The number of faulty misds
fixed by the number of behavioral parameters. When
parameter is specified by two limits (for examphe gain

in Tab. 1), two mutants are generated: a firsttii@r low
limit and a second for the high limit; when it isesified

by one limit (ex: IIP3), only one mutant is genechtDue

to this consideration, the receiver part of WCDMACS
modeled by 23 behavioral parameters involves the
generation of 36 faulty models.

C. Optimization results

The simulation has been realized with ADMS RF from
Mentor Graphics on a 3 GHz Pentium-4, with 1 GB RAM
running a Linux Operating System.

The 98 validation vectors have been optimized witin
PLASMA tool. Over 36 mutated parameters, 32 hawnbe
detected by the 98 validation vectors during théren
dichotomy process. The mutation score is 89% aed th
total computation time is about 18 hours. The ayera
RPC computed with all behavioral parameters is 83%.
Each vector of the 98 vectors detects a least one
behavioral faulty parameter but after compactiamy ¢t
vectors are kept to achieve the same RPC. After
compaction, the number of stimuli is divided by®24The
table 4 shows the Behavioral Parameter detectid?d)B
limits of the LNA behavioral parameters and thed®eé
Parameter Coverage RPC. The two faults which hate n
been detected concern the variations of S22, o8 IIP
parameters. S22 variation is not detected duestgyhtem
robustness which masks its impact. Test benchesdare
relevant for the detection of 1IP3 mutation. Thas®
faults would be detected by a test set generatitapted

to their activation and propagation in the system.
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VI. Evaluation of behavioral fault modeling
for manufacturing test

In the previous section, the results of the vaiatatest set
optimization has been shown, the efficiency of this
optimization for manufacturing test is evaluatedtliis
section. Obviously the application test cost of the
compacted stimuli is lower than the applicationtbé
complete validation test set. The advantage of the
described technique based on behavioral faultstinjeis
the time reduction to qualify vectors; but is thigh level
fault model significant for manufacturing test? The
evaluation will be provided by making comparisorthaa
fault model described at lower abstraction levédie t
structural fault model.

Designers can estimate the distribution of stradtur
parameters values. The Capability Process CPRjJdg.a
statistical parameter that allows designers to ifyuthe
robustness of the structural parameters accordingpth
the process and the device specifications. Parasnate
assumed to have a Gaussian distribution and thei€Pk
defined by:

Min((P,, = Pyin); (Prax — P,

typ
30

Where R, is the typical value of a parameter defined in
the specifications, f2x and Ry, are specified limit values,
o is the standard deviation (Fig. 6). The probabitiby
obtain a faulty circuit (hatched area) can be cadegbu
from these different values. During the determiatof
test stimuli, some faulty circuits are not detecigioe
darkest area in Fig 5), this undetected zone is tdue

)

yp

CPk = )

simulate compacted test set (4 vectors) determined
section V. B. The SPd value for each structurahpeater
involves mutants which are not detected (with the
optimized test set). The number of these mutants is
represented by the union of dotted and hatchedsdrea
figure 7.

The second stage of the evaluation should be the
comparison between SPd limits with the behavioaaltf
model parameter detection BPd limits, but this
comparison is only possible if the two detectianiig are
given at the same abstraction level. Thus, the \nets
faulty parameter detection limit (BPd) computed idgr
the optimization must be translated to a structural
variation. The conversion is possible by simulatesarh
block individually at the structural level. In thigper, the
evaluation is only performed for the LNA; so onl\NA
block is simulated here. Test benches are usecctsune
the following LNA behavioral parameters: S11, IP1,
Gain,.... The translated detection limits of struatur
parameters SRdare extracted by computing a single
parametric structural deviation that involves aisteone
behavioral parameter going out of its detectioritirBPd.

A variation of a structural parameter out of $Rds lot of
chances to be detected by the compacted test data.
However, the induced correlated variations of salver
behavioral parameters due to the variation of alsin
structural parameter can sometimes be masked. ét th
contrary, it is also possible that these correlagiations
involve an easiest detection. However, the follayin
analyses shows that the SRunits computed with BPd
limits are very close to SPd reference limits.

The behavioral fault model is qualified by compgrihe
number of undetected faulty circuits computed fr8Rd
with the number of undetected faulty circuits comejolu
from SPd. The figure 7 shows two areas (under the
Gaussian curve) corresponding to these numbersisSPf
the fault limit for the structural parameters;,PSPax in
Fig.6. In Fig. 7, the area between SPf and SPdgdatrea

+ hatched area) or SPf and $P(Hotted area) are
respectively the real number and the estimated eurob
faulty circuits that is not detected by the compéctest
set. The hatched area (between SPd and;)SBdthe
number of faulty models that are supposed deteoted

system robustness, measurement accuracy or due towhich are not detected with behavioral fault modiels

stimuli not adapted to the detection. We aim torelase
this undetected number by finding the most relevant
stimuli. Thus, the vector quality is quantified by
computing the number of remaining undetected faulty
circuits. Our high level testing approach will beakiated

by comparing the number of undetected faulty ctecui
induced with behavioral and structural fault model.

the error that is made when evaluating the testiame
using behavioral modeling. In the case of Fig. e t
evaluation is a little optimistic because suppodettcted
circuits are not really detected (as shown witlucttiral
fault model). As previously explained, this areaige to

: / ¢ Undetected
During thl_s evaluation, we assume that structu&_ultf faulty circuits Faulty circuits
modeling is the reference. The first stage of teuamtion A
is the computation of structural faulty parametetedtion [ | \
limit (SPd). This limit is the limit that would bebtained
if a structural faulty model were used. SPd is cotag Fa_ultfree
with our PLASMA tool using a transistor level deption circuits
of the LNA. In order to decrease the simulationetjranly
LNA is described at this transistor level (the otbéocs SPf SPd, SPd Parameter

are described at behavioral level). Moreover, wdy on

Fig. 7: Detection limit of Structural parameter




relations between structural and behavioral pararsetn
fact, our fault model is based on single behavioral
variation but a modification of one structural faldads
variations of several behavioral parameters. In lugh
level fault model, the effects of these correldietiavioral
parameter variations are canceled.

Table 5 presents several characteristics of alictiral
parameters of the LNA: typical value, limit detecti
value (SPdf)... The values of SPd and ©BUdtained for
parameters are very close. In fact, the relativeorer
measure through the number of undetected mutants wi
SPd and SPDds only 2%. The error obtained for each
parameter is nearly equal. In fact, SPd and;SRbies are
very close from specification limit and this 2%jysis due

to the detection limit method based on dichotomyfalkct,
more iteration during the detection limit computing!
increase the accuracy of limit value and modify the
number of faulty circuits. Therefore, the relatimeor on
faulty circuits will probably varying a little fror2a%.

VIl.Conclusion

In this paper, a production test generator (PLASNIA%
been presented and evaluated. In the propose@gtrat
the validation test benches developed by desigters
verify all specified parameters are re-used. Wenstiat
re-using these test benches for the productionntpss
relevant. Generally the number of validation testdhes
is huge, so we propose to optimize them with a iehal
fault injection method. We assume that the detactb
maximum behavioral faults allows the detection of
numerous physical defects. This assumption isiedripy
comparing simulation results generated with behavio

fault model and structural fault model. The metrsed to
evaluate our high level fault model accuracy isrthenber
of un-detected faulty circuits. This metric qualgi the
efficiency of the test stimuli. Results show thdie t
numbers of un-detected mutants are almost the sathe
a behavioral or a structural fault model. Theseltehave
been obtained for the faults detection of a LNA edded
in a WCDMA receiver. We are realizing additional
experiments in order to observe if behavioral fantidel
use always leads to correct production test sdtiation.
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Language Reference Mhnua

. . Number of | Detection fimit Number of lll.ulet_ected Detection limit Number of undetected Relative error of number
Structural . Specification - faulty circuit of translated PR of undetected faulty
Parameter [Typical Valug limit value f_nult_y of Structural defined with SPd Structural Parameter f.\ul.ty clrcuit circuits
circuits  |Parameter SPd PP SPAT defined with SPAT (PPM) defined with SPAT (%)
Ri;‘ﬁ‘l;‘]:]” R1  Max| 2,500E+00 | 3,250E+00 | 7,944E-01 | 3,254E+00 8.791E-02 3,253E+00 7.111E02 2,12
C2_ Min | 1,000E-06 | 9,000E-07 | 7.944E-01 8.990E-07 8.790E-02 8.996E-07 7.109E-02 2,12
C2  Max| 1,000E-06 | 1,100E-06 | 7.944E-01 1,100E-06 8.802E-02 1,100E-06 7.099E-02 2,14
C3  Min | 1,000E-12 | 9,000E-13 | 7.944E-01 8.995E-13 8.788E-02 8.996E-13 7.109E-02 2,11
C3  Max| 1,000E-12 | 1,100E-12 | 7.944E-01 1,100E-12 8.785E-02 1,100E-12 7.099E-02 2,12
C4  Min | 3.252E-13 | 2,897E-13 | 7.944E-01 2,895E-13 8.788E-02 2,895E-13 7.107E-02 2,12
Capacitor | C4  Max| 3,252E-13 | 3,607E-13 | 7,944E-01 3,609E-13 8,788E-02 3,609E-13 7,107E-02 2,12
(F) C5  Min | 1,000E-11 | 9,000E-12 | 7,944E-01 8,995E-12 8,788E-02 8,996E-12 7,109E-02 2,11
C5  Max| 1,000E-11 | 1,100E-11 | 7,944E-01 1,100E-11 8,802E-02 1,100E-11 7, 116E-02 2,12
C6  Min | 1400E-12 | 1,260E-12 | 7,944E-01 1,259E-12 8,794E-02 1,259E-12 7. 111E-02 2,12
C6  Max| 1400E-12 | 1,540E-12 | 7,944E-01 1,541E-12 8,794E-02 1,541E-12 7.111E-02 2,12
C7  Min | 1,000E-11 | 9,000E-12 | 7,944E-01 8,995E-12 8,788E-02 8,996E-12 7,109E-02 2,11
C7  Max| 1,000E-11 | 1,100E-11 | 7,944E-01 1,100E-11 8,802E-02 1,100E-11 7. 116E-02 2,12
L1 _ Min | 1,000E-06 | 9.,500E-07 | 7.944E-01 9.498E-07 8.788E-02 9.498E-07 7.113E-02 2,11
L1 Max| 1,000E-06 | 1,050E-06 | 7,944E-01 1,050E-06 8,819E-02 1,050E-06 7,099E-02 2,16
L2 Min | 2,500E-09 | 2,375E-09 | 7,944E-01 2,374E-09 8,785E-02 2,375E-09 7,106E-02 2,11
L2  Max| 2500E-09 | 2,625E-09 | 7,944E-01 2,626E-09 8,785E-02 2,625E-09 7,106E-02 2,11
Inductor L3 Min | 1,060E-08 | 1,007E-08 | 7,944E-01 1,007E-08 8,796E-02 1,007E-08 7.142E-02 2,08
(H) L3  Max| 1060E08 | 1113E-08 | 7,944E-01 1,113E-08 8,796E-02 1,113E-08 7.142E-02 2,08
L4  Min | 1,000E06 | 9,500E07 | 7,944E-01 9,498E-07 8,T88E-02 9,498E-07 7. 113E-02 2,11
L4  Max| 1.000E-06 | 1,050E-06 | 7.944E-01 1,050E-06 8.819E-02 1,050E-06 7.099E-02 2,16
L5 Min | 4,300E-09 | 4,085E09 | 7.944E-01 4,084E-09 8.791E-02 4,084E-09 7.103E-02 2,12
L5 Max| 4,300E-09 | 4,515E09 | 7.944E-01 4.516E-09 8.791E-02 4.516E-09 7.103E-02 2,12
LM_X1 Min | 2400E-07 | 2,360E-07 | 7.944E-01 2,360E-07 8.819E-02 2,360E-07 7.143E-02 2,11
LM_X1 Max| 2400E-07 | 2,56TE-07 | 7.944E-01 2,568E-07 8.790E-02 2,56TE-07 7.119E-02 2,10
WF_X1 Min [ 1,000E-05 | 9,900E-06 | 7,944E-01 9,900E-06 8,802E-02 9,900E-06 7.116E-02 2,12
T WF X1 Max| 1,000E-05 | 1,200E-05 | 7,944E-01 1,201E-05 8,793E-02 1,201E-05 7,108E-02 2,12
LM_X2 Min | 2,400E-07 | 2,360E-07 | 7,944E-01 2,360E-07 8,819E-02 2,360E-07 7,143E-02 2,11
LM _X2 Max| 2,400E-07 | 2,567E-07 | 7,944E-01 2,568E-07 8,790E-02 2,567E-07 7,119E-02 2,10
WF_X2 Min | 1,000E-05 | 9,900E-06 | 7,944E-01 9,900E-06 8,802E-02 9,900E-06 7, 116E-02 2,12
WF_X2 Max| 1,000E-05 | 1,200E-05 | 7,944E-01 1,201E-05 8,793E-02 1,201E-05 7,108E-02 2,12

Tab. 5: Structural Parameter detection limits (SPd) and Error on un-detected faulty cir cuits




