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ABSTRACT

As the complexity of Very Large Scale Integration (VLSI) circuits continue to escalate,
ensuring their reliability and correctness has become a paramount challenge. Manufac-
turing defects, even minor ones, can lead to complete system failure, making robust
testing an indispensable part of the semiconductor production cycle. This thesis ad-
dresses the critical need for efficient testing methodologies through the exploration of
Design for Testability (DFT).

The primary objective of this research is to develop and simulate Automatic Test
Pattern Generation (ATPQ) strategies to achieve enhanced fault coverage in complex
digital circuits. The work begins with a comprehensive review of fundamental and
advanced DFT techniques, including scan design, scan compression, and various fault
models such as stuck-at and transition faults.

The proposed methodology follows a structured DFT flow, starting from Register-
Transfer Level (RTL) design and proceeding through synthesis and DFT insertion. This
involves integrating testability structures like scan chains and BIST logic directly into
the design to improve the controllability and observability of internal nodes. The core of
the work focuses on leveraging these DFT structures for effective ATPG and simulating
the generated patterns to validate their effectiveness in detecting manufacturing faults.
The research aims to contribute to reducing test time and improving the overall quality

and reliability of VLSI products.
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CHAPTER 1
INTRODUCTION

1.1 Background and Motivation

In this new age of electronics, computing devices have evolved to unprecedented lev- els
of complexity. This increase in design intricacy has made the process of testing an
indispensable and critical phase in the semiconductor manufacturing lifecycle. Testing
is the process of verifying that a circuit functions correctly according to its speci-
fied requirements. It serves a dual purpose: enhancing the final product’s quality and
contributing significantly to the cost-efficiency of the manufacturing company.

Even a minor defect that goes undetected during testing can lead to complete system
failure, resulting in substantial financial losses and harm to a company's reputation.
Therefore, hardware testing is essential to make sure that a design is fault-free that
could adversely affect its operation in the field. The imperative for thorough testing has
driven the evolution of sophisticated design methodologies that integrate test

considerations from the earliest stages of development.

1.2 Design for Testability (DFT)

Modern design practices have embraced a proactive approach to testing known as De-
sign for Testability (DFT). Instead of treating testing as a post-design activity, the DFT
methodology integrates test-related features directly into the circuit design itself. The
goal of DFT is not to perform the testing, but rather to design the circuit in a way that
facilitates an efficient and effective test process later on.

Based on the customer's specifications, the required attributes are defined and the
designer develops the RTL. Once the RTL designis finalized, a gate-level netlist
is generated and passed to the DFT team. At this stage,
DFT structures are integrated into  the  netlist while respecting timing constraints.
The DFT team also receives the SDF file from the STA team, which is created
after successful placement and routing, along with results from static and dynamic
timing analysis.

DFT plays a vital role in almost all stages of the ASIC design process shown in
Figure 1.1. As depicted, the DFT flow is closely embedded within the standard VLSI

design cycle. Itstartsat the Register-Transfer Level (RTL), extends through
1




synthesis and scan chain insertion, continues into physical design, and includes active

participation during both wafer and final package testing.

Verification = Functional + DFT

Figure 1.1: Standard Design for Testability (DFT) Flow in VLSI

The two parameters that determines how much a circuit is testable are: Controllability

and Observability.

Controllability: The ability of the ATE to set a desired value (0 or 1) at an internal

node of circuit under test by applying appropriate test vector to Pls.

Observability: The ability of the ATE to observe an effect of a fault on the primary
outputs by propagating the faulty value (0 or 1) from the faulty node to the POs
through the application of test vectors to the Pls.

1.3 Fault Modelling

A defect is defined as a physical or logical flaw that occurs in the manufactured
integrated circuits. A fault is an abstract equivalent of a physical defect that leads to
improper operation of a circuit. Fault causes an error in the circuit. A failure is a change

in the system’s behaviour from the desired one.

Thus, defects cause faults that lead to errors that ultimately cause failures. A fault

model is the abstract description of manufacturing defects. It is simple to determine the

2




consequences of a fault using a fault model. A good fault model should meet the

following two requirements:
* The behaviour should be accurately described.
» It should be efficient enough in terms of test pattern generation and fault simulation.

All the manufacturing defects cannot be captured by a structural test because test
patterns are generated based on fault models. Therefore, a quantitative measure called
Fault Coverage is used to indicate the ability of a fault model to capture manufacturing

defects. It is expressed as:

Fault coverage = (no. of detected faults) / (total number of Faults) [1]

1.3.1 Fault Models

The predominant fault models often employed in the industry are:

o Stuck-At Fault Model - In this model, faultis defined by
a particular location at which signal permanently takes value of logic
lor 0.Nodethat isstuck at logic 0 isnamedas stuck-at-0
fault whereas node that is stuck at logic 1 isnamedas stuck-at-1
fault. The  key  point about such  model is  thatif
device under test (DUT) does not exhibit any stuck-at-fault during
manufacturing tests, it is highly likely that there is no other fault present.

The model above can be divided into two categories:
= Single Stuck-At Fault.
=  Multiple Stuck-At Fault.

The Single stuck-at-fault model presumes that only one node
in circuit under test is stuck at particular logic value. Whereas multiple
models allow several nodes to be simultaneously stuck at certain logic
levels. Testing circuit under test for presence of single node that is
stuck at particular logic level is much easier than detecting multiple such

nodes.

e Delay Fault Model - This fault model is appropriate for the cases when
hazard-induced slow transition of signal on the path leads to delay faults.
This model is beneficial when process node scaling is involved. Gate-

delay and path-delay are the two most common delay fault models. Gate-




delay fault model is used when the circuit under test has the delay of
particular gate as a fault. Under this model, fault effects can be either early
or late dependent on the arrival times of inputs signal at the gate. Gate
delay can vary depending on the delays of the surrounding circuit. The
second model is path-delay fault model. This model is used to describe
the case when the cumulative delay along some signal path exceeds the

allowed timing constraints.

Transistor Fault Model - The MOSFET is a switch, and one of the most
common transistor faults is the switch being stuck either open or closed.
Such a fault is also commonly referred to as a “stuck-open” or “stuck-
closed” transistor, respectively. One of the ways of detecting a transistor
fault in a static complementary MOSFET gate isIDDQ testing.
Basically,IDDQtesting checks for abnormal power supply currents due to
stuck-short faults, as shorted transistors cause the current to saturate
IDDQ. However, another method of checking for transistor faults is also
used. The alternative method uses a special current sensor to detect

transistor faults in CMOS circuits.

Transition Fault Model — A transition fault occurs when the delay of a
gate is so large that a signal transition initiated at an input along the fastest
path cannot reach any of the gate’s outputs within a clock cycle. For each
gate, a transition fault may be either slow-to-rise or slow-to-fall. The total
number of transition faults in a circuit, therefore, is 2 times the number of

gates.

Path-Delay Fault Model — A path-delay fault occurs when the
propagation delay along a particular combinational path of the circuit
under test is higher than the permissible delay. The propagation delay for
a path-delay fault begins at a PI or clocked flip-flop, propagates through
a set of connected logic gates, and ends at a PO or clocked flip-flop. For
each such combinational path, two different delay faults can occur

corresponding to the rising and falling transitions.

Bridging Fault Model — As the name suggests, a bridging fault occurs
when two nets are shorted together. The logic value of the shorted net
depends on which of the two nets is dominant, which can result in either

an OR-type bridge (shorted net has logic value 1) or an AND-type
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bridge (shorted net has logic value 0). If there are no stuck-at faults in a

circuit, then most probably there are no bridging faults.

1.4 Types of Test modes:

When a DFT-inserted core is integrated into a top-level design, the internal scan chain

structures of the core are logically bound to the top-level scan chain architecture. To

ensure testability of the core logic independent of the other design elements, the core

must be wrapped in a wrapper structure. DFT Compiler provides two methods for

implementing such a wrapper. The basic flow provides straightforward implementation

whereas the optimized reuse flow reduces area and timing overhead by taking advantage

of existing functional registers in the design.

1.4.1 Internal Scan

Internal scan mode is the extended version of hierarchical scan mode, in which short
chains of compressed scan cells are combined to form long conventional scan chains.
This DFT method provides maximum fault coverage. The decomposition of sequential
circuits into maximal or near-maximal combinational circuits greatly simplifies the
process because much less complex test patterns are required to capture faults. The
internal scan mode is automatically generated when compressed scan logic is inserted
into the design because it changes existing sequential circuits into ones that include a
serial shift capability in addition to whatever functions they performed before. Internal

scan mode is illustrated in Fig. 1.2.

Scan-ins

test_mode

0 —c=

l | |
| ]
Scan-ouls

Figure 1.2 Internal Scan Mode

1.4.2 Scan compression
Scan Compression is an internal scan methodology that uses a compression codec—
comprising a Compressor and Decompressor—to drive and compress data within the

internal scan chains. This approach is employed to test core-internal logic while
5




substantially lowering the volume of test data and the time needed for test application.
It is only implemented when scan compression is activated, and it is widely adopted to
minimize both test duration and the number of required pins.

Figure 1.3 illustrates the scan compression method, which greatly reduces the
simulation time necessary for validating test patterns. However, the added compression
hardware introduced into the design also brings additional potential fault sites that must

be detected during testing.

Scan-ins
3-to-8
| PR I i Tl e e R
test_mode I 1 | | | [
1 —L> 8-t0-3

Scan-outs

Figure 1.3 Scan Compression Mode

1.5 Problem Statement

As technology scales and the number of gates increases, the challenge of achieving high fault
coverage in a limited amount of testing time and with acceptable costs becomes more
difficult. For a complex System-on-Chip (SoC), testing all the internal nodes directly by the
primary inputs and outputs is impractical. The problem of testing such a design is how to find
high-quality test patterns for maximum fault coverage and minimum test cost, i.e., test time,
test application power, and extra circuitry. This thesis addresses test pattern generation and
simulation methods that take advantage of DFT features to improve fault coverage.

1.6 Thesis Organization

This thesis is structured into five chapters. Chapter 1 provides an introduction to VLSI
testing and Design for Testability. Chapter 2 presents a detailed literature review of
fundamental and advanced DFT techniques. Chapter 3 describes the proposed methodology
for ATPG and simulation. Chapter 4 outlines the anticipated results and discussion. Finally,

Chapter 5 concludes the thesis and suggests directions for future work.




CHAPTER 2

LITERATURE REVIEW

This chapter focuses on the fundamental concepts, along with relevant research studies
and methodologies, related to DFT flow, the challenges associated with DFT, and the
scan insertion process. It also presents an overview of the key concepts and approaches

used in ATPG.

2.1 DFT Flow

The first step in the DFT (Design for Testability) flow is RTL design, which involves
designing DFT-specific structures and verifying their functionality. The next step is
synthesizing the design for the first time to obtain a netlist for validation. The design
then goes through the scan insertion process to produce the netlist for the next step [2].
In this stage, the SDF files and libraries from the Back-End team are required. In other
words, the process of scan synthesis consists of reading the RTL, synthesizing the
design, retesting it, implementing the scan chains, and re-evaluating the modified design.
Then, ATPG (Automatic Test Pattern Generation) takes place, during which test patterns
are generated. These patterns are then shifted into the scan chains, and simulations are

performed to determine their effectiveness [3].

The simulations can either be performed as zero-delay (untimed) simulations or timed
simulations using Standard Delay Format (SDF) with worst-case or best-case timing.

The DFT design flow is shown in Figure 2.1.
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Figure 2.1 DFT Design Flow

2.2 DFT Challenges

With the rapid development of modern technology, the size of transistors in integrated

circuits has been greatly reduced. As a consequence, the overall size of integrated circuits

has been reduced, while the level of integration has increased, thus increasing the

difficulty of testing and debugging circuits. Therefore, it is particularly important to select

an appropriate optimal test solution.

2.2.1

2.2.2

Test Time: As the feature size decreases, the number of defects increases at
smaller technology nodes. Thus, due to the limitations of test equipment,
DFT engineers are responsible for finding design flaws rapidly and
efficiently.

Pattern Count: To achieve the required high fault coverage, more test
patterns have to be applied, which increases the volume of information to
be stored on the tester’s memory and I/O pins. This is a problem for DFT
engineers because reducing the number of test patterns is critical due to the
limited amount of memory and pin count of the tester. Moreover, it reduces

the overall test application time [4].
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2.2.3 Test Coverage: It is calculated as theratio of the number of
faults actually found to the total number of faults that could potentially
be found in the design. [5].

2.2.4 Area: In order to make the design testable, Design for Testability (DFT)
adds some additional circuitry to the design under test. This additional logic
facilitates testing at different levels of integrated circuit design, but it also
increases the overall chip area. The number of gates is raised due to DFT,
and the area consumed by it should not, as a rule, exceed 5 percent of the
design area.

2.2.5 Power Consumption: Power is one of the most crucial aspects of a circuit
design. All design decisions are made with respect to the power
requirements. Since power dissipation is related to switching activity, the
higher the switching frequency, the higher the power dissipation which may
damage the chip under test. [6].

2.2.6 Pin Count: As the device features get smaller and smaller the number of
pins for testing purposes reduces. This poses a major challenge for engineers
who have to develop means for thorough testing with lesser number of

accessible points. [7].

2.3 Scan Insertion flow

Scan insertion is the first and the simplest step in Design for Testability, during which
all the flip-flops and latches are replaced by special scan flip-flops and scan latches,
respectively. These devices are referred to as scan cells, and they are connected together
to form chains, also called scan chains. [8] It is too simplistic to describe the process by
these few words, because practice shows that it is far from being trivial. Moreover, the
quality of test directly depends on how correctly this step is performed. There are two
ways of scan insertion, namely, Full Scan Design and Partial Scan Design. The former
implies that all the flip-flops in a circuit are replaced by scan cells, while the latter

implies only a certain number of them.

The partial scan method requires less chip area and provides less test coverage than a
full scan design. However, this technique is cheaper and faster to implement than a full
scan. In addition, due to the reduced number of test patterns, it also requires less

memory. The flow of the scan insertion process is shown in Figure 2.2.
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Figure 2.2 Scan Insertion Flow

24 ATPG Introduction

ATPG stands for Automatic Test Pattern Generation, a common practice in the Design for
Test (DFT) community that aims to produce input patterns capable of detecting faults
created during the fabrication process [9]. Typically, the effectiveness of ATPG tools is
measured by their ability to identify a certain number of pre-defi ned faults and the overall
number of patterns they produce. Those patterns are applied to the device under test by
means of Automated Test Equipment (ATE). This tool checks if the circuit works
correctly by comparing the measured response of the circuit under test to the expected

correct response also encoded in the test pattern.

2.4.1 ATPG Technique
The ATPG process involves in general a three-step procedure called the Path
Sensitization procedure. Those steps may be described as following:

e Fault Sensitization: This step is characterized by the assignment of 1s
and Os to circuit inputs to produce a 0 (or 1) at a fault site, opposite to the
faulty value.

e Fault Propagation: The second step requires to assign Os and 1s to the
circuit inputs in such a way that the signal from the fault site is propagated
through the circuit to some primary output.

o Justification: The third step is to assign values to the primary inputs so

that the values used to propagate the fault are justified.

10




2.4.2 ATPG Process
The primary objective of ATPG is to generate the set of tests that achieve a specified
level of fault coverage as defined by the following formula:
ATPG generally consists of two steps:

1) Test pattern generation step
2) Fault simulation step, which is used to evaluate the level of fault coverage and
determine the set of detected faults.
There are generally three basic approaches that are used in test pattern generation
[3]:
a) Random Test Pattern Generation: The tool under consideration has the ability
to generate random patterns and save only those that identify a given fault. With this
method, the process of testing takes place until such a set of patterns is obtained
that does not reveal new flaws. One of the main disadvantages of this approach is
the impossibility of completely replacing deterministic methods since such a method
cannot detect some of the faults with a low probability of detection. However, this
method is used in the early stages of pattern generation.
b) Deterministic Test Pattern Generation: This method is used when generating
patterns for specific flaws. By selecting individual fault items from the list of
faults, the user selects individual test patterns that must be used to
detect them. Using the path sensitization method, the tool checks whether the
chosen pattern detects the specific fault. In case of no detection, the fault
is marked as untestable because it is redundant; otherwise, it is marked as detected.
c) External Test Pattern Generation: This method is used when the user
has an externally generated set of test patterns. The tool checks which of these
patterns will detect the given list of faults; therefore, using such patterns

allows the user to achieve higher fault coverage for the design.

Research Gaps in DFT

Despite the significant advancements in DFT, several challenges remain. Key research

gaps identified include the need for more efficient scan compression algorithms, auto-

mated test point insertion strategies, and ATPG tools that can effectively target new and

emerging fault models without causing an explosion in test time and cost.
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CHAPTER 3

PROPOSED METHODOLOGY

Moore’s law dictates that the feature size of integrated circuits will continue to decrease, which
ultimately makes perfect chips impossible. This necessitates extensive testing of chips to ensure

that they are free of defects. The main criteria for testing are test cost, test quality, and test time.

Testing design for testability (design for testing) is a group of design methods that contain
special structures to improve the testability of integrated circuits. The addition of these
structures allows for faster and simpler testing during design and manufacturing. The
manufacturing test is critical because it ensures that the finished product is free from
manufacturing faults that could affect its performance in downstream applications. The most
important design for testing technique is automatic test pattern generation (ATPG) simulation,
which checks whether outputs responses match expected results after specific input patterns

have been applied.

It has long been standard practice for ATPG to use logic gate abstractions for fault modeling.
However, at the level of nanometers, new challenges arise in manufacturing tests. At the design
verification stage, crosstalk noises and power supply variations can no longer be neglected and
must be taken into account. Moreover, conventional methods of modeling and ATPG test
pattern generation are being replaced by new approaches that take into account timing
information, are scalable, and handle a wide range of operating conditions. Thus, just as design
verification is encountering new obstacles, manufacturing testing is also being challenged. It
becomes apparent that new fault models and ATPG techniques must be developed at the level
of nanometers.

3.1 Overview of the Proposed Workflow

The methodology outlined adheres to a structured, industry-recognized process, starting from
the initial RTL design and progressing through to a gate-level netlist ready for testing. This

workflow is illustrated in Figure 3.1.

12




s 1.RTL to DFT
E Insertion

PY 2. ATPG & Testbench
m Preparation

S 3. ATPG Simulation &
o Post-Processing

Figure 3.1: Proposed Workflow

Proposed Workflow from RTL to ATPG simulations the process is divided into

following main stages:

1. RTL Design & Simulation

2. Synthesis

3. DFT Insertion and Analysis

4. ATPG pattern Generation

5. ATPG Simulations
The objective of DFT profiling is to ensure that the design under test can tolerate possible
faults by generating a set of test patterns that targets the fault list with the highest fault
coverage. After the pattern set is generated, which meets the desired coverage, the patterns
are simulated. The following section describes the process step by step, starting with the RTL

description of the design, followed by RTL synthesis to produce the netlist, which leads to the

next step of scan chain insertion.

13




3.1.1. RTL Design and Simulation

The first step in the workflow is the creation of the digital circuit’s functionality using a
Hardware Description Language (HDL) i.e. Verilog. This involves writing the RTL code that
describes the intended behavior of the circuit. Once the RTL code is written, it undergoes

rigorous functional verification through simulation

3.1.2. Synthesis

After the RTL code has been functionally verified, the next stage is synthesis. In this process,
the abstract RTL description is converted into a physical, technology-specific, gate-level
netlist using a synthesis tool i.e. Cadence Xcelium. The tool maps the HDL code to a standard
cell library provided by the semiconductor foundry.

Step 1.) Synthesis of Netlist: The RTL description of the design under test is synthesized to

generate the corresponding gate-level netlist.

3.1.3 DFT Insertion and ATPG

This is the core stage where the design is made testable. The synthesized gate-level netlist is
taken as input, and DFT structures are inserted into it. Key activities include Scan Chain
Insertion, BIST Logic Insertion, and JTAG/Boundary Scan implementation. Once DFT
insertion is complete, an ATPG tool i.e. Synopsys TetraMAX generates a compact set of test
patterns which are simulated to determine fault coverage.

Step 2.) Scan Insertion: The scan insertion process utilizes a synthesized netlist in which the
standard cells such as flip-flops and latches have been replaced by their testable counterparts
named as scan flip-flops and scan latches respectively. In this process, the replaced cells are
grouped into scan chains. Decisions on the scan inputs and outputs are taken and the estimated
scan chain length is evaluated. The process of ‘Scan or DFT insertion’ consists of five steps
which are listed below.

a) Scan Configuration: Configuring the number of scan chains along with the inclusion or
exclusion of particular flip-flops from the scan chain.

b) Scan Replacement: Replacing of functional circuits such as flip-flops with their testable
equivalents.

c) Reordering: Reordering of the logic gates taking into account the timing constraints of the

circuit. Similarly, the scan cells are arranged in order to reduce the routing difficulties and
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optimize the wire length. The step also helps in the arrangement of the functionally required
circuits and scan chains.

d) Scan Stitching: Stitching the scan cells together in order to make complete scan chains.

e) Scan Compression: Scan Compression technique is adopted to minimize the test time by
allowing parallel processing of test patterns. This is achieved by employing a compression
architecture to partition the test patterns into groups of short chains instead of processing them

individually.

Step 3.) SPF Generation: The scan inserted netlist is used to generate the SPF (STIL Procedure
File) which stores all the relevant information about the circuit. STIL is basically a standard
language used for test vectors representation and it is recommended by IEEE 1450 as a standard
test language. STIL helps the automated test equipment (ATE) and computer aided engineering
(CAE) tool providers to achieve standardization. TetraMAX ATPG utilizes a restricted set of
STIL syntax to describe scan chains, clocking, constrained ports, stimuli and response data.
When it comes to the usage of TetraMAX ATPG for pattern generation, it employs STIL for
both design rule checking (DRC) and pattern formatting.

Step 4.) Performing DRC: Performing ‘Design Rule Check’ which checks the testability of
the design. The ATPG tool performs a number of checks to ensure the correctness of scan
architecture and its capability to support pattern generation and fault simulation. It checks the
correct scan chain configuration and also ensures the presence of scan cells in the design. It
also takes care of the DFT related clocking constraints and finally it moves the ATPG tool to
Test Mode after successfully completing the DRC. It may be noted that the subsequent
paragraphs will discuss general ATPG pattern generation flow as well as the inputs and outputs

associated with it.

3.1.4 Test Pattern Generation

The present section provides a general description of the pattern generation flow that involves
the Synopsys TetraMAX tool. Figure 3.1 below represents the general flowchart of the tool’s
usage. The pattern generation process involves several steps, namely: firstly, invoking the tool,
secondly, including the design netlist and the DFT library and, thirdly, generating patterns and
performing fault simulation.

1.) Firstly, the tool should be invoked. The tool’s operation involves several modes and contexts

that perform a variety of tasks. Each mode-context combination executes particular functions.
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Usually, there are two basic contexts:

DFT: modification, edition, and introspection of the design files taking place, along with the
process of scan insertion, scan compression, and scan analysis;

Pattern: test pattern generation and fault simulation are performed in this context;

The ATPG tool, in its turn, involves three basic modes that are combined with the contexts:
Setup: the mode gives access to the tool and allows setting the context and the design
description;

Analysis: this mode is used for design analysis, pattern generation, and simulation;

Insertion: it allows performing design introspection and edition.

2.) Secondly, the design netlist and the DFT library should be included. All the design elements
should have their definitions in the DFT library.

3.) Once the library file and netlist have been read in by the tool, it enters what is called setup
mode. In this mode, a number of things can be done to setup the tool for test pattern generation.
Things like define PI/PO, clocks, pins and cell constraints can be entered either manually or
through a script. In addition, test procedure files must be provided for the tool to be able to

perform shift and capture operations.

4.) Once the setup has been completed, the tool will leave setup mode and begin the processes
necessary to begin the next mode, analysis mode. Before analysis mode can begin, the tool
must flatten the design netlist. Flat design netlist is simply the netlist of the design using the

internal primitives of the tool.

5.) Once the design netlist has been flattened, the tool will perform what is called a “Learning
Analysis”. The purpose of this is to allow the tool to analyze the design in an intelligent manner
so as to allow for efficient fault simulation and test pattern generation with maximum fault

coverage.

6.) At this point the tool will perform a Design Rule Checking (DRC). Once the netlists have
been flattened and the design analysed, the tool will perform a Design Rule Checking to make
sure that the design satisfies a number of design feasibility rules. Some of these rules if they
are violated will cause the ATPG to fail due to errors. There are also some rules that if violated

will produce only warnings that can be ignored.
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7.) Assuming there were no errors or warnings that needed to be addressed, the tool then moves
on to analysis mode. In this mode, simulation is performed on existing test patterns. Simulation
includes both fault simulations which produce the output from the test patterns under fault
conditions and good machine simulations which simulate the output of the design under test

with no faults. Existing patterns can also be used or modified to increase the fault coverage.

8.) Once simulation is complete, the tool will prepare to begin test pattern generation. To do
this, a fault list must be prepared for the tool to use. This fault list can be anything from a list
of specific targets faults to be found to a list of all the faults that the tool can potentially target.

Once this list has been prepared, test pattern generation can begin.

9.) Finally, the test patterns that have been generated can be exported from the tool either in
Verilog format or binary or ASCII format

Tool inputs and outputs:

Figure 3.1 illustrates a simplified representation of the inputs to and outputs from the ATPG

tool..

A | Test N A

D c:i;;-n Procedure ATPG ‘

Netlist | ‘ File Library |
o=t == | ATPG Tool bl Fault
Ze w—— — List

Patterns | - +

| ATPG
Info.
Files

Figure 3.2 Inputs and output of ATPG Tool [3]
The tool requires the following inputs:
Design:
A gate-level netlist or flat representation of the design.
Test Procedure File:

This file describes the desired operation of the scan circuitry in the design under test. This file
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is usually created after scan insertion, but it can also be manually-entered.

Library:

The design library contains cell information for the design. The library is used to create a flat,
gate-level simulation model of the design for purposes of fault simulation and test pattern
generation.

Fault List:

An optionally-supplied external fault list can be used to specify the faults of interest, together
with their desired initial values. The tool uses the information in the fault list as a starting
point for test pattern generation.

Test Patterns:

Externally-created test patterns can be supplied as input to the tool, for use in simulation.
The tool produces the following outputs:

Test Patterns:

A test bench plus test patterns.

ATPG Information File:

This file contains information specific to the ATPG, such as session log information, reports,
DRC results, gate-level information, or other information.

Fault List:

An ASCII file containing internal fault information.

3.1.5 Pattern Simulation:

After the pattern has been successfully generated, it should be converted into the Verilog format
so that it can be interpreted by the tester. This process is performed by Synopsys's stil2verilog

utility, which produces three files: .v, .dat, psd.dat. The last file is generated only if the scan

compression was used.
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CHAPTER 4

Work done and Experimental Results

4.1 Steps for Simulation

The Cadence SimVision tool is used for simulation purposes. Several files are needed to
set up a simulation, including a force file that defines the signals to be forced to specific
values during the simulation. The simulation process has three phases: compilation,
elaboration, and simulation.

4.1.1 RTL code:
A snippet of RTL code for b19 processor is shown in fig.4.1.

88 end n

se(state)
FETCH : begi

Figure 4.1 RTL code for b19

4.2 Environment
Synopsys Design Compiler was used for synthesized netlist generation of the design
under test, while Synopsys TetraMAX was used for test pattern generation. The
generated test patterns were then simulated with Cadence Simvision (Xcelium
24.10.071) for timing checking purposes. All the tools were operated on the Linux

server provided by STMicroelectronics.

19




The invoking of Synopsis of DC shell is shown in Fig.4.2

Lhsx04709:~/Desktop/sumit_prj/counter

deshell.csh  sourceme.csh

it_prj/counter

t Randomization) is d d on the machine. To enab! functionality, ASLR will

Design Compiler Graphical
ne s (T

Figure 4.2 Invoking Synopsis DC shell

The output of the synthesis is shown in Fig.4.3.

27 fast_vddlv0 (library) /home/mehtasum/Desktop/sumit_prj/counter/fast_vddlve.db

29 Warning: DesignWare synthetic library dw_foundation.sldb is added to the synthetic_library in the current command. {UISN-40)
30 Information: Performing leakage power optimization. (PWR-850)

31 CPU Load: 23%, Ram Free: 511 GB, Swap Free: 5407 GB, Work Disk Free: 4 GB, Tmp Disk Free: 5654 GB

32 Alib files are up-to-date.

33

34 | Flow Infarmation |
35 seccmeecccimeecccmeet et et mes it e ceteet e esttec e ccesaasa e n st ee s e
36 | Flow | Design Compiler WLM |
37 | Command Line | compile_ultra |
38

39 | Design Information | value |
40

41 | Number of Scenarios I | © |
2 | Leaf Cell Count | 138 |
43 | Number of User Hierarchies | © |
44 | Sequential Cell Count | 128 |
45 | Macro Count | @

6 | Number of Power Domains | 0 |
47 | Number of Path Groups | 2 |
48 | Number of VT Class | @ |
49 | Number of Clocks |1 |
50 | Number of Dont Touch Cells | |
51 | Number of Dont Touch Nets |0 |
52 | Number of Size Only Cells | @

53 | Design with UPF Data | false |
54

55 Information: Sequential output inversion is enabled. SVF file must be used for formal verification. (OPT-1208)

Figure 4.3 Synthesis Output

The various output files as a result of synthesis are shown in Fig.4.4.

mehtasum@dlhsx04709:~/Desktop/sumit_prj/counter
$ g output_synthesis/
counter_area.rpt counter_parasitics.spef counter_syn.ddc counter_syn.sdf

counter_netlist.v counter_power.rpt counter_syn.sdc counter_timing.rpt

Figure 4.4 Output Files after synthesis

4.3 Scan Insertion

The following is the output files generated after scan insertion as shown in Fig.4.5.
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mehtasum@dlhsx04741: /work/stellar_x8&_dft/sumit/learning/b19/b19_tr_1/sumit/clg_1/REPORTS_Scan_compression

0.rpt  dft_ power _sca bt preview_dft_86.rpt preview_test
_verbose_flow_80.rpt power._| . preview_dft_test_wrappers_80.rpt report_sca _comp_80. rpt

mehtasum@dlhsx04741: /work/stellar_x8_dft/sumit/learning/b19/b19_tr_1/sumit/clg_1/REPORTS_Scan_compression

Figure 4.5 Output Files after scan insertion

The scan coverage and insertion reports are shown in Fig.4.6.

Sequential Cell Report: Sequential Core Core
Cells Segments Segment Cells
Sequential Elements Detected: 6138 0 0
Clock Gating Cells ;0
Synchronizing Cells : 0
Non-Scan Elements 0
Excluded Scan Elements 0 (] 0]
Violated Scan Elements [¢] 0 0
(Traced) Scan Elements 6138 (100.0%) 0 ( 0.0%) 0 ( 0.0%)

i e m e e — R

Architecting scan compression mode ScanCompression_mode with base mode Internal_scan
Architecting Load Decompressor (version 5.8)
Number of inputs/chains/internal modes = 7/77/4
Architecting Unload compressor (version 5.8)
Number of outputs/chains = 7/77
Information: Compressor will have 100% x-tolerance
Info: Completed Post Scan Architect Callbacks.

5ok ok 3K KoK 3K K 5K 3K 3K K 5K 3K oK 5K 3K oK 3K K 5K oK K 5K oK 3K oK 5K 3o 3K 3K K 3K K K K 3K
Preview_dft report

For ¢ 'Insert_dft' commanff
Design : bl9

Version: X-2025.06-SP3

Date : Thu Feb 26 11:20:15 2026

3 ok 2k 3k ok ok ok ok ok ok ok ok ok sk ok ok ke ok ok ok ok ok ok ok ok ok ok ok ko ko ok ok ok ok ok

o e ok sk e o e 3k o e ok ke 3k ok e ok sk sk ok e ok ok sk ok e ok sk ok ok sk sk ok ke ok ok ok ok ok

Current mode: ScanCompression_mode
ook ok sk ok ok ok ok o ok ok s ok ok ok ok ok ok o ok ok o ok ok ok ok s ok ok ok ok o ok o ok ok ok

Number of chains: 77

Scan methodology: full_scan

Scan style: multiplexed_flip_flop
Clock domain: mix_clocks_not_edges
Scan enable: ipt_hm_se (no hookup pin)

Figure 4.6 Scan coverage and Insertion report

The Scan Testmodes are shown in Fig.4.7.

Test Mode Controller Ports

test_mode: ipt_hm_atpg_wrpof_mode
test_mode: ipt_hm_atpg_wrpif_mode
test_mode: ipt_hm_atpg_mode

test_mode: ipt_hm_atpg_comp_mode

Test Mode Controller Index (MSB --> LSB)
ipt_hm_atpg_wrpof_mode, ipt_hm_atpg_wrpif_mode, ipt_hm_atpg_mode, ipt_hm_atpg_comp_mode
Control signal value - Test Mode

0011 ScanCompression_mode - InternalTest

0110 Internal_scan - InternalTest

Figure 4.7 Scan Testmodes
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The Post scan reports are shown in Fig.4.8.

mehtasum@dlhsx04741: /work/stellar_x8_dft/sumit/learning/b19/b19_tr_1/sumit/clg_1/REPORTS_Scan_compression

power_post_scan_80.rpt preview_dft_80.rpt preview_test_points_80. rpt
re_verbose_flow_80.rpt power_pre_scan_80.rpt preview_dft_test_wrappers_80.rpt report_scan_path_scan_comp_80.rpt

mehtasum@dlhsx04741: /work/stellar_x8_dft/sumit/learning/b19/b19_tr_1/sumit/clg_1/REPORTS_Scan_compression

Figure 4.8 Post scan reports

4.4 Comparison of Pre-Scan and Post-Scan Design

The pre-scan schematics of the B19 processor are shown in Fig.4.9.

mult_1488_2
mult_1488
sub_1488 3
=-[H] P2
~[H]  mult_1422
~[H]  mult_1413
~[H]  mult_1421
=-[H] P4
=-[H] P3
=-[H] P2
=-[H] Pl
=[H] Pl
~[H]  mult_1422
~[H]  mult_1413
~[H]  mult_1421
=-[H] P4
=-[H] P3
=-[H] P2
=-[H] Pl
B Ele Gt View Select Highlight List Hisrarchy Design AMributes Schematic Timing Jest Power AnslygeATL Window Help lalx|
= H & Soilt+ SEEHEEE 65 b1 B =3l

SPPON

% Hier.1 ] Schamatic.1

t design is ‘b9’

t design is ‘bla*

-
Loading db file '/sw/synopsys/synthesis/p-2019.03-s5p5/libraries/syn/generic.sdb j
gl ] 10|
Log [ History o)
de_shell> [

Figure 4.9 B19 schematics pre scan
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The post-scan schematics of the B19 processor are shown in Fig.4.10.1 and
Fig.4.10.2.

DV

Design Vision - TapLevel.1 (b19) (on dihsx10107) A a X

File Edit View Selact Mighlight List Hierarchy Design Aftributes Schematic Timing Test Power AnalyzeRTL Window Hel

=0 & |10 vl & &
Cells (Hierarchical) v
Coll Name |Ref Nams  Call Path  Dont Touch
18 0
5181
0T sub 1
multc 3
) o PRESSOR
(W] sub_isss_s PRESSOR
] ez undefined
mutt_1422 undefind
mult 1413
mult 1421
P4
”
I
I
mult_1422
mui 1412
mut_La21
ra
P
2
Y
v g R
x , .
#urite test protocal -test mode Internal scan sumit -0 ./output files ${modee}/bla internal scan ${scan number).spf
de_shell>
Currant design is ‘bia-
Current design s “bia-
de_shell J
g | History o
Design Vision - TopLevel.1 (b19) (on dihsx10103) A _ 8 0x
Elo Edit Yiew Select Highlight L ibutes Schematic Timing Test Pow [ X
=08 T Er IR Y i A T icD
|t % Schematie 1 X3 schematic3 ¢

L
’
]
3

b19_U_compressor_LBIST
7o SCCOMP COMPRESSOR

% Writing test protocal file */uork/stellar x8_8ft/sunit/learning/b19/b1s_tr 1/sumit/output files/bl scan lbist Sh Wrapper if spf' for mode ‘Wrapper if'... .
- v

2« .

2| 1og History o

dc_shell> tl v

& Click abjects or drag a box to select (Hold Ctrl to add. Shift ta remove) Alt DoubleClick expands Faninout ALL levels

pressor LBIST &%

Figure 4.10.1 b19 schematic post scan
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Figure 4.10.2 B19 schematic post scan

The schematic of Scan chain is depicted in the following fig.4.11

Figure 4.11 Scan chain with variable length of flip flops (here 77)
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The Timing pre scan and post scan reports are shown in Fig.4.12 and Fig.4.13
respectively.

clock clk (rise edge) 10.00 10.00
clock network delay (ideal) 0.00 10.00
count_reg_127_/CK (DFFQXL) 0.00 10.00 r
library setup time -0.02 9.98
data required time 9.98
data required time 9.98
data arrival time -2.83
slack (MET) 7.15

Figure 4.12 Timing pre scan

clock clk (rise edge) 10.88 10.88
clock network delay (ideal) 0.00 10.00
count_reg_127_/CK (SDFFQx1) 0.00 10.00 r
library setup time -0.04 9.96
data required time 9.96
data required time 9.96
data arrival time -2.83
slack (MET) 7.13

Figure 4.13 Timing post scan

The net interconnect area reports of pre scan and post scan designs are shown in Fig.4.14
and Fig.4.15 respectively.

Hierarchical Cell Count: 187
Hierarchical Port Count: 16069
Leaf Cell Count: 76571
Buf/Inv Cell Count: 11420
Buf Cell Count: 0
Inv Cell Count: 11420
CT Buf/Inv Cell Count: 0
Combinational Cell Count: 70433
Sequential Cell Count: 6138
Macro Count: 0
Area

Combinational Area: 137095.000000
Noncombinational Area: 61380.000000

Buf/Inv Area: 11420.000000
Total Buffer Area: 0.00
Total Inverter Area: 11420.00
Macro/Black Box Area: 0.0600000
Net Area: 0.000000
Cell Area: 198475.000000
Design Area: 198475.000000

Figure 4.14 Net interconnect area pre scan

25




Cell Count

Hierarchical Cell Count: 190
Hierarchical Port Count: 16837

| Leaf Cell Count: 77319
Buf/Inv Cell Count: 11618
Buf Cell Count: 31
Inv Cell Count: 11618
CT Buf/Inv Cell Count: 0
Combinational Cell Count: 71181
Sequential Cell Count: 6138
Macro Count: 0
Area

Combinational Area: 138710.000000
Noncombinational Area: 61380.000000

Buf/Inv Area: 11618.000000
Total Buffer Area: 31.00
Total Inverter Area: 11618.00
Macro/Black Box Area: 0.000000
Net Area: 0.000000
Cell Area: 200090.000000
Design Area: 200090.000000

Figure 4.15. Net interconnect area post scan

The pre scan and post scan dynamic power reports are shown in Fig.4.16 and Fig.4.17
respectively.

0.0000 nW (0%)
4.3945 mW (100%)

4.3945 mW (100%)

Cell Internal Power
Net Switching Power

Total Dynamic Power

Figure 4.16 Pre Scan dynamic Power

Attributel§

1 - Including register clock pin internal power

0.0000 nW (0%)
4.7148 mW (100%)

4.7148 mW (100%)

Cell Internal Power
Net Switching Power

Total Dynamic Power

Figure 4.17 Post Scan dynamic Power
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Below is a brief comparison shown of pre-scan and post-scan design for b19.

Table 4.1 Comparison of Pre-scan and Post Scan design

‘ Metric HPre-ScanH Post-Scan H difference ‘
Total Cells 76571 || 77319 +0.9% (scan
overhead)
‘ Chain Length H N/A H 77 H N/A ‘
| MaxDelay(ns) | 25 | 27 | +0.2 |

4.5 ATPG Pattern Generation:

Below is the Test pattern generation of b19 design with Transition Faults with 80
maximum chain length and 7 scan Ins and 7 Scan outs.

The Test pattern generation window of b19 design is shown in Fig.4.18.

, CPU_time=0,60.

11618 575

, CPU_time=0.00.

U_tine=0.00.

PU_time=0.00.

Figure 4.18 Test pattern generation of B19

We observed that we are getting S1 errors during the DRC phase of the pattern
generation.

"S1" errors in Synopsys test pattern generation (ATPG) typically refer to Scan DRC
violations (Design Rule Check) related to scan cell controllability or scan chain
configuration. These are common in TestMAX ATPG or TetraMAX when generating
patterns after DFT insertion.

S1 is specifically the rule code for "Scan cell not controllable" or "Invalid scan cell in
chain" — meaning some scan flops cannot be loaded/shifted properly, leading to low

coverage or pattern generation failures.[3]
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The DRC violations are shown in Fig.4.19.

[=] TConsole.1 x

DRC-T>
The gate report data is new set to "test setup".
DRC-T> analyze violation 51-1
Error: Chain 8 blocked at AND gate P1/P1/P2/U11 (9311) after tracing 25 cells. (S1-1)
The gate_report data is now set to "shift".
DRC-T=
Warning: Number of gates to display (141386) > max allowed (200) - draw list will be truncated. (M160)

DRC-T>

Log History

TetraMAX - Analyze Violations A X
L
I Rule violation:
51-1 a Cancel
. Help
| N1-1:2 (parsing error)

N5-1:260 (redefined module)

N20-1:1 (underspecified UDP)

B7-1:335 (undriven module output pin)
B8-1:1962 (unconnected module input pin}
B10-1:302 (unconnected module internal net)
51-1:9 (scan chain blockage)

Figure 4.19 DRC violations during the Test pattern generation

Why S1 Errors Occur

Scan cells (flops) are not fully controllable from scan inputs (e.g., missing scan enable,
clock issues, or hierarchy problems).
During ATPG, the tool detects this and marks faults as untestable, causing errors or
warnings like "S1 violation in chain X".
Common triggers:

o Incomplete scan replacement (some flops not converted to scan flops).

o Clock skew or missing clock during shift.

o  Wrapper isolation blocking chains in hierarchical designs.

So after the debugging is done we managed to trace back the chains and found the cause

of the S1 errors and managed to add the constraints in order to resolve the errors.
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The chain blockages in TetraMAX gui are shown in fig.4.20 and fig.4.21 respectively.

I Synopsys TestMAX (TM) TetraMAX (R) - Synopsys Inc. - TopLevel. 1 A - B X
Fie. Edt View Netiot Rues Sen Primitues Fauk Pgtems. puses

=% L WV, = . =
SBAL AR ARARQACSHE F 586

t Buld DRC Summary ATPG WitePat. WriteTestbench Simulation FaultSim, Analyze Diagnosis EXxit

Constraints Loops Run Analyze Report Window Help &

Figure 4.20 TetraMAX gui view of the chain blockages

Figure 4.21 Cause of the chain blockage

The ATPG constraints are shown in Fig.4.22.

add_pi _constraint 0 reset
Bdd_pi_constraints 0 { ipt_hm_atpg_wrpif_mode ipt_hm_atpg_wrpof_mode }

Figure 4.22 ATPG Constraints
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The constraints are added and hence the test patterns are generated successfully.

4.6 Combined Results and analysis of Scan Insertion and Pattern Generation:

The analysis is done in Scan Compression Mode with base mode as Internal Scan

mode.

4.6.1 For SA(stuck-at) Faults:

The Analysis of B19 for SA faults is shown is tabular format in Table 4.2.

Table 4.2 Analysis of B19 for Stuck-at Faults

no.of SI/SO 10si/10so 7sil 7s0
max length of chain 80 80

no. of scan chains 77 77

pre scan power Pdyn 4.3945 4.3945 mW
post scan power Pdyn 4.7500 mW 4.7148 mW
power % increase 8.08% 7.28%
ATPG coverage 98.48% 98.47%
faults detected / total 586439/606792 585530/605884
patterns 637 763
testtime

(test cycles * time period) 5.295ms 6.3413ms

The SA ATPG coverage comparison is shown in Fig. 4.23.

ATPG coverage
98.48%
98.48%
98.48%
98.48%
98.47%
98.47%
98.47%
98.47%
98.47%

98.46%
10si /10 so 7si/ 7so

Figure 4.23 SA ATPG coverage comparison
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The SA ATPG patterns comparison is shown in Fig. 4.24.

780
760
740
720
700
680
660
640
620
600
580
560

105si /10 so

patterns

7si/ 7so

Figure 4.24 SA ATPG patterns generated

The SA ATPG dynamic power increase is shown in Fig. 4.25.

POWERIN NANOWATTS

DYNAMIC POWER

8.08%

10 SI /10 SO

7.28%

W power % increase

7SI/ 7SO0

AXIS TITLE

Figure 4.25 SA ATPG dynamic power increase
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The SA Test time with different SI/SO is shown in Fig. 4.26.

test time

a
)}

6.341

o o
[ NN

5.295

(time in ms)
v
N B O

(6]

Sl
o

105si /10 so 7si/ 7so
si/so

Figure 4.26 SA Test Time with different SI/SO

The above results show that :

1.) The increase in no. of Scan ins and scan out lead to increase in dynamic

Power consumption

2.) The increase in no. of Scan ins and scan out lead to can also lead to increase

in Test coverage

3.) Lower scan ins and outs can cause the test patterns to increase which takes

a lot more time .

4.) The Test time which is most important in DFT decreases with increases Scan

ins and Scan out but you have to keep in mind the dynamic power increase.
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4.6.2 For Transition Faults:

The Analysis of B19 for transition faults is depicted in tabular form in

table.4.3.

Table 4.3 Analysis of B19 for Transition Faults

max length-si-so 80-10-10 80-7-7 40-10-10 40-7-7
no.of SI/SO 10si/10so 7si/ 7s0 10si/10so 7si/ 7s0
max length of chain 80 80 40 40
scan chain 77 77 154 154
pre scan power
Pdyn 4.3945 4.3945 mWwW 4.3945 mW 4.3945 mW
post scan power
Pdyn 4.7500 mwW 4.7148 mW 4.8466 mW 4.8082 mwW
power % increase 8.09% 7.20% 10.20% 9.40%
ATPG coverage 98.06% 98.06% 98.05% 98.04%
fault det/ total 539339/562912 538438/562004 544123/567872 | 541669/565380
patterns 1297 1551 1962 2597
testtime
(test cycles * time
period) 10.902ms 10.903ms 8.637ms 11.429ms

The TF ATPG coverage comparison is shown in Fig. 4.27.

98.07%

98.06%

98.06%

98.05%

98.05%

98.04%

98.04%

98.03%

10i /10 so

Figure 4.27 TF ATPG coverage comparison

ATPG coverage

7si/ 7so
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The TF ATPG patterns comparison is shown in Fig. 4.28.

patterns
3000
2500
2000
1500
1000
500
0
80 - 10si/10so 80-7si/7so 40-10si/10s0 40 -7si/7s0

Figure 4.28 TF ATPG patterns generated

The TF ATPG increase in dynamic power is shown in Fig. 4.29.

DYNAMIC POWER

8.09%
10.20%
9.40%

7.20%

80 - 10si/10so 80-7si/7so 40-10si/10s0 40 -7si/7so
B power % increase 8.09% 7.20% 10.20% 9.40%

Figure 4.29 TF ATPG dynamic power increase

The TF test time comparison with different chain length and SI/SO is shown
in Fig. 4.30.
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12 10.902 10.903 11.429
2 10 8.637
c 8
(]
£ °
=
4
2
0
80 - 10si/10s0 80-7si/7so 40-10si/10so 40 -7si/7so
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Figure 4.30 TF Test Time with different chain length and SI/SO

The above results show that :

1.) The increase in no. of Scan ins and scan out lead to increase in dynamic

Power consumption

2.) The increase in no. of Scan ins and scan out lead to can also lead to increase

in Test coverage

3.) Lower scan ins and outs can cause the test patterns to increase which takes

a lot more pattern generation time.

4.) The Test time which is most important in DFT decreases with increases Scan

ins and Scan out but you have to keep in mind the area and power increase.

5.) Reduction in chain length leads to increase in the no. of scan chains.

6.) The best and lowest Test time is in the case of 40 max length of Scan chain
and 10 Scan ins and Scan outs. This means that the best test time comes in
the condition where the scan ins and outs are more and the length of scan
chains is less and the no. of scan chains are more. However a drawback of
this configuration would be the maximum area usage and maximum

dynamic power usage.
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4.7 Pattern Simulation:

The patterns are generated in a .STIL(Standard Test Interface Language) format.

We then convert file to .STIL zip format and then give a command to generate
Testbench/Patterns i.e. (.v, .psd and .dat files) which are then used in the ATPG

simulations to check the correctness of the patterns generated.

Below is the window that converts .STIL file to Testbench/ Patterns in fig.4.31.

X‘ stil2verilog (on dlhsx10106) A - 0O X

Verzion 5-2021,06-5P3 for linuxBd - Oct 14, 2021

Copyright (o) 2007 - 2021 Sunopsus, Inc,

Thiz software and the aszsociated documentation are proprietary to Synopsus,
Inc, This software may only be used in accordance with the terms and conditions
of a written license agreement with Suynopsys, Inc, ALl other uze, reproduction,

or distribution of thiz software iz strictly prohibited, Licensed Products

communicate with Synopsys servers for the purpoze of providing software
updates, detecting software piracy and werifying that customers are using
Licensed Products in conformity with the applicable License Key for such
Licensed Productz, Synopsys will use information gathered in connection with
thisz procesz to deliver software updatez and purzue software pirates and
infringers,

Inclusivity & Diversity - Wisit SoluNetPlus to read the "Sunopays Statement on

Inclusivity and Diversity" (Refer to article 000036315 at
httpsiddfsolvnetplus, synopsys , com)

axthy Parsing command line...

axtbr Checking for feature license,..

Figure 4.31 STIL to Verilog window

The .STIL file is then successfully converted to Testbench i.e. a .v file and .dat files,

these are collectively known as patterns.

We will now simulate the generated patterns with the library file and the netlist on the

shell as shown below in fig.4.32 and fig.4.33 respectively.
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mehtasum@dlhsx04757: (wurk/s(ellur_xﬂ_df(/suuit/\elrning/blg/th_tr 1/sumit/clg_1/tb, 24jur\e
sub -1 -n 6 -q long -P FX88_202 " rusage [m . / 1.v /work/stellar_x8_dft/sumit/learning/b19/b19_tr_1/sumit/clg_1/output_files_Scan_compression/bl9_scan_lbist

compression_48.v chip_top_tb_b19_tf.v -top bi¢ ¢ june.log

n or VNC
ible, i

hout the

to queue <long>.

arting on d
T00L:  xrun 24, Started on Ju 2026 at
TOOL: xrun(64) 24.03-5001: Start on Jun 24, 26 at 15
xrun(64): 24,03-5601: (c) Copyright 1995-2024 Cadence Desig

Figure 4.32 Pattern simulation window

H Terminal

File Edit View Terminal Tabs Help

Untitled

1 Starting serial simulation of 101 patte

: Begin serial scan load for rn @ (T=200.00 ns, V=3)

: Begin serial scan load for rn 5 (T=121900.00 ns, V=1220)

: Begin serial scan load for rn (T=243900. ns, V=2440)

: Begin serial scan load for r s 900. ns, V=3660)

: Begin serial scan load for p P 87900. ns, V=4880)

: Begin serial scan load for r 09900. ns, V=6100)

: Begin serial scan load for T=731900. ns, V=7320)

: Begin serial scan load for rn 53900. ns, V=8540)

: Begin serial scan load for p P T=975900. ns, V=9760)

: Begin serial scan load for r 2 ns,

1 Begin serial scan load for p rn . ns,

: Begin serial scan load for r 4 # ns,

: Begin serial scan load for p rn 6 X ns,

: Begin serial scan load for rn 6 3 ) ns,

1 Begin serial scan load for p r . ns,

: Begin serial scan load for rn 829900. ns,

: Begin serial scan load for r 951900, ns,

: Begin serial scan load for rn 85 (T=2073900. ns,

: Begin serial scan load for rn 195900. ns,

: Begin serial scan load for pattern (T=2317900. ns, V=23180)
: Begin serial scan load for pattern 100 (T=2439900.00 ns, V=24400)
1 Begin serial scan load for 100, unload 2 (T=2464300.00 ns, V=24644)
: Simulation of 101 patterns completed with @ mismatches (time: 2468500.00 ns, cycles: 24685)

./chip_top_tb_b19 tf.v:5588 $finish(e);

xcelium> exit

[TOOL : xrun(64) 24.03-s5001: Exiting on Jun 24, 2 at 15:38:55 IST (total: 00:00:49)
[1] 332994

Figure 4.33 Serial simulation of patterns

Here in our design all the generated patterns are hereby successfully simulated and are
passing on the intended design as shown in figure 4.25. Hence the DFT work on this
design is done and this design can be referred to further stage of ASIC design and can

move to Physical Design process.

We have also taken a dump/an output of the simulations and all the simulated signals
as a .shm file. It stores all the signal transitions that occur during simulation so that you

can debug the design later without rerunning the simulation.

We open the .shm file using Cadence Xcelium to visually see and verify all the

simulated signals. We can verify the scan by looking at the signals like Scan enable,
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scan_clock, scan_in, scan_out, test mode, etc. This is also shown in Fig.4.34.

mehtasun@dlhsx04757: /work/stellar_x8_dft/sumit/learning/b19/b19_tr_1/sumit/clg_1/tb_24june
$ bsub -I -n 6 -q long -P FX88 2024 -R “rusage[mem=50068]" simvision -64 waveform.shm

e aware that jobs run interactively are at risk and will
erminal session or VA sion they are attached to

is r crashes. If possible, it would be safer to submit your
job non-interactively, i.e.: without the '-I[sp]' flag.

<B115424> is s T
aiting for dispat
rting on dlhsx10158
4): 24.03-s601: (c) Copyright 1995-2026 Cadence Design Systems, Inc.

Figure 4.34 Opening the waveform in Cadence Xcelium

The fig.4.35 1s the depiction of the simulation environment in the Cadence Xcelium:

-
L Waveform 3 - SimVision A _ O X
File Edit Wiew Explore Format Windows Help cadence

B %] BB o o[ ¥ D i X[ B

- @+ RERERNEER

Search Mames: Signal=| Jd | ﬁﬂ} ﬁﬁ} Search Times: | Digital Value «, =l E%M ‘?{ﬁw

Fx'zTimeAv =[300 Tl[ns~/ - _da = Y Time: 5 [0 z000ns - @, :; " ; 21
& Baseline=0

h EF| Cursor-Baseline w= 300ns

g Narme @~ Cursor &~ |

S

Cl test_sil

S50 1 object selected

Figure 4.35 Cadence Xcelium window with all the important scan signals

Also the design can also be verified by looking and tracing the scan signals in the

schematic in Cadence Xcelium as shown in Fig.4.36.
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ipt_hm _:
hm_atp

ipt_hm_;

Figure 4.36 Schematic showing all the scan signals
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CHAPTER S

Conclusion

This thesis presents the work completed toward implementing a structured Design for
Testability (DFT) flow for a digital design, with progress including scan insertion, pattern
generation and fault coverage analysis and simulation. As modern VLSI systems grow
increasingly complex, incorporating DFT methodologies early in the design process becomes
essential for ensuring controllability, observability, and efficient testability. The work carried
out in this thesis demonstrates the initial yet critical phases of this process, beginning from RTL
design and functional verification and progressing through synthesis to scan insertion followed

by pattern generation and fault coverage analysis and the finally the ATPG Pattern Simulations.

The B19 design was synthesized using Synopsys Design Compiler, generating a gate-level
netlist and associated reports. Following synthesis, the scan insertion step was performed,
wherein the sequential elements of the design were converted into scan cells and integrated into
a structured scan chain. The comparison between pre-scan and post-scan schematics illustrates
the expected architectural modifications introduced by scan insertion, including additional scan
ports, scan enable signals, and chaining of flip-flops. Further the ATPG Pattern Generation has
also been completed with an in depth analysis of the scan configurations with both stuck at and
transition faults judging various parameters. Finally the ATPG Simulations have been
completed with all the generated patterns successfully passing on the scan inserted design

verifying the successful DFT insertion and functioning in the design.

These results validate that the scan architecture was correctly incorporated into the design,
forming a foundational requirement for subsequent ATPG pattern generation and fault
simulation. And further the ATPG patterns were generated successfully and correctly followed
by the successful simulation of these patterns on the design validating the correctness of the

inserted DFT.

In summary, the thesis successfully demonstrates the RTL-to-scan-insertion-to-ATPG-
simulations flow and highlights the importance of structured DFT practices in enabling high-

quality test generation.
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