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ATPG for sequential logic is still difficult because, in order to propagate the effect of a fault to a primary
output so it can be observed and detected, a state sequence must be traversed with
the fault undertaken. For large sequential circuits, it is difficult to reach 100% fault
28 VLSI Test Principles and Architectures
coverage in reasonable computational time and cost unless DFT techniques are
adopted [Breuer 1987

Fault simulation
A fault simulator emulates the target faults in a circuit in order to determine which
faults are detected by a given set of test vectors. Because there are many faults
to emulate for fault detection analysis, fault simulation time is much greater than
that required for design verification. To accelerate the fault simulation process,
improved approaches have been developed in the following order. Parallel fault
simulation uses bit-parallelism of logical operations in a digital computer. Thus,
for a 32-bit machine, 31 faults are simulated simultaneously.

Test generation is the task of producing an effective set of vectors that will achieve
high fault coverage for a specified fault model

The objective of
test generation is the task of producing a set of test vectors that will uncover any
defect in a chip.
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Redondant ??? 

Operations on digital hardware:
– Inject fault into circuit modeled in computer
– Use various ways to activate 
and propagate fault effect through 
hardware to circuit output
– Output flips from expected to faulty signa
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https://www.academiepro.com/uploads/cours/2015_09_08_ele6306_chap5_ATPG.pdf





C’est le programme qui permet de déterminer des vecteurs de test spécifiques pour détecter des fautes données

http://pages.hmc.edu/harris/cmosvlsi/4e/lect/lect12.pdf
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transistion delay
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At-Speed Test
Timing failures can occur when a 
circuit operates correctly at a sl
ow clock rate, and then fails 
when run at the normal system 
speed. Delay variations exist in
the chip due to statistical 
variations in the manufacturing process, resu
lting in defects such as partially conducting 
transistors and resistive bridges.
The purpose of at-speed testing is
to detect these types of probl
ems. At-speed testing runs the 
test patterns through the circuit 
at the normal system clock speed.
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The purpose of a fault simulator is to determine the effects of faults on the behavior of the circuit and to evaluate the quality of the test vector sets by calculating the coverage to a given fault model.
The purpose of automatic generation of test vectors (ATPG) is to obtain a minimal set of test vectors that can detect the maximum number of faults.
The major difficulty of ATPGs for digital circuits lies in the significant complexity of the circuits. 
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Definition 4.1 Defect. A defect in an electronic system is the unintended differ-
ence between the implemented hardware and its intended design.

Some typical defects in VLSI chips are [309]:

1. Process Defects — missing contact windows, parasitic transistors, oxide break-
down, etc.

2. Material Defects — bulk defects (cracks, crystal imperfections), surface impu-
rities, etc.

3. Age Defects — dielectric breakdown, electromigration, etc.

4. Package Defects — contact degradation, seal leaks, etc.

Defects occur either during manufacture or during the use of devices. Repeated
occurrence of the same defect indicates the need for improvements in the manufac-
turing process or the design of the device. Procedures for diagnosing defects and
finding their causes are known as failure mode analyses (FMA) [52] and are beyond
the scope of this book.

Since the manufacturing process of making printed circuit boards (PCBs) is differ-
ent from that of VLSI chips, their defects are also different. Table 4.1 shows typical
defects of PCBs and the frequency with which each defect has been observed [69].

Definition 4.2 Error. A wrong output signal produced by a defective system is
called an error. An error is an “effect” whose cause is some “defect.”

Definition 4.3 Fault. A representation of a “defect” at the abstracted function
level is called a fault.

The difference between a defect and a fault is rather subtle. They are the
imperfections in the hardware and function, respectively.
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® Defect: a short to ground.
o Fault: signal b stuck at logic 0.

e Error: a=1,b=1, outputc = 0; correct output ¢ = 1. Notice that the error
is not permanent. As long as at least one input is 0, there is no error in the
output.
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4.2 Functional Versus Structural Testing

Let us examine the testing of a ten-input AND function. Suppose that we apply
an input pattern 0101010101, and observe a O output. This is a correct output, but
what can we conclude: the gate under test is (A) an AND., (B) not a NAND, (C)
not a NOR. or (D) not an OR function? Since the obtained output violates the
truth tables of NAND and OR gates, only (B) and (D) are correct answers. We
could use another pattern, 1111111111, to make sure that the gate is not a NOR.
However, that does not guarantee that the given circuit will function correctly as an
AND gate for all 2'° = 1024 possible input patterns. Given ten inputs, it is possible
to construct 22'° Boolean functions, and in the present situation our functional test
must allow us to conclude that the function is AND and not one of the others. A
complete functional test will check each entry of the truth table. Though possible
with ten inputs, such a test will be too long and impossible to use with a real circuit
with several hundred input lines.

Difficult as it is, the use of functional tests is often found necessary for verifi-
cation of design. Methods of design verification lie outside the scope of this book.
which focuses on hardware test. The purpose of hardware test (also referred to as
manufacturing fest) is to discover any faults caused due to manufacturing defects or
errors. A basic assumption made is that the design being manufactured is correct.
Back in 1959, Eldred derived tests that would observe the state of internal signals
at primary outputs of a large digital system [215]. Such tests are called structural
because they depend on the specific structure (gate types. interconnects, netlist) of
the circuit.

One of the greatest advantages of structural testing is that it allows us to develop
algorithms. Central to these algorithms are fault models. As we will see in later
chapters, most test generation and test evaluation (fault simulation) algorithms are
based on selected fault models.
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Rappels

> Modéles de fautes :

% Modéliser les défauts physiques au niveau comportemental dans
le but de les simuler

% Modeéle des collages (le plus utilisé)
% Les fautes équivalentes, les fautes dominantes

% Les fautes non détectées et les fautes indétectables

> Simulation de fautes :
% Simuler le circuit dans le cas de présence des défauts physiques
% Mesurer 'efficacité des ensembles de test (taux de couverture)
% Déterminer les fautes détectées et les fautes indétectables

% Nécessaire pour la génération automatique des vecteurs de test
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> Vecteur de test :

% Une combinaison des entrée du circuit sous test DUT qui
permet de controler les fautes a partir des entrées primaires
et de les observer sur les sorties primaires

» Taux de couverture :

TC __ Nb fautes détectées
T Nb fautes totales

> Taux d’efficacité :

TE __ Nb fautes détectées + Nb fautes indétectables
- Nb fautes totales





image9.tmp
Types de génération

& Génération manuelle

> Les vecteurs de test sont écrits manuellement (expert)

& Génération pseudo-aléatoire

» Les vecteurs de test sont choisis aléatoirement
& Génération exhaustive
> Utilisation de tous les vecteurs de test possibles

& Génération automatique (déterministe)

> Pour chaque faute non détectée on génere un vecteur de
test qui la détecte
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2.1 Delay Test Challenging

As mentioned above, the transition and path-delay fault models provide better defect
coverage, increasing the production test quality and reducing the defective parts
per million (DPM) levels. Thus, the transition and path-delay fault models have
become very popular in the past decade. The path delay test targets the accumulated
delay defects on critical paths in a design and generates test patterns to detect them.
Traditionally, static timing analysis (nominal, best-case, or worst-case) is performed
to identify the critical paths in the circuit. As technology continues to scale down,
more and more delay variations are introduced, which can affect the performance of
the target circuit to a large extent. In this situation, the static timing analysis method
becomes quite inaccurate since it does not have the capability to fully address these
effects. This section briefly describes some of the delay variations in nanometer
technology.
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