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ABSTRACT

Advances in semiconductor and electronic design automation technology have
increased the size and complexity of VLSI circuits. Due to this, verfication of modern
circuit design has become the major bottleneck in entire design process. Most vertfication
efforts are employed for verifying the correctness of the imitial register-transfer level
(RTL) descriptions written in hardware description language (HDL). Until now, the
functional verification is mostly done by simulation with a massive amount of test
patterns. A digital system, in general, consists of two main parts: a datapath and
controller. The datapath is used to storc and manipulate data and transfer data from one
part of the system to another. The controller, on the other hand, controls the operation of
the datapath. A validation test set is used to verify and activate controller behavior. In this
paper, a methodology is used where the controller behaviors are exercised by test
sequences in a validation test set and are reused for detecting faults in the datapath. Such
controller behaviors are said to be compatible with the corresponding pre-computed test
vectors/responses hence resulting in the detection of majority of faults in the datapath
RTL modules. Also, the test generation is performed at the RTL and the controller
behavior is predetermined, test generation time is reduced. The architecture is designed

using VHDL and functional verification is done by using Modelstm.
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CHAPTER -1

INTRODUCTION

1.1 OVERVIEW :

Duc to the increasing complexity of modern circuit design, verification has
become the major bottlencck of the entire design process. Most verification efforts are
put on verifying the correctness of the initial register-transfer level (RTL) descriptions
written in hardware description language (HDL}). Until now, the functional verification is
still mostly done by simulation with a massive amount of test patterns even though some
formal verification techniques claim to be able to verify the equivalence of a design
across several different design levels. Design verification deals with checking the
conformance of the design to its functional specification. Simulation is the primary
means used to achieve this in industry today. Sequential automatic test pattern generation
(ATPG) for VLSI circuits is a hard problem with an exponential complexity. Various
invasive [design for testability (DFT)] and noninvasive [software-based self-test (SBST),
built-in self-test (BIST)] strategies have been suggested to reduce test generation time
and improve fault coverage. While the invasive techniques tend to alter the characteristics
of the design in terms of area and timing, the noninvasive techniques suffer from low
fault coverage and/or large test application times.

Even though scveral gate level ATPG approaches have been successfully
employed in practice, the increasing complexity and size of circuits, as well as the
proliferation of register- transfer level (RTL) design styles has motivated development of
test-generation techniques at the RTL. Previous work in the area of test generation at the
RTL can be broadly classified into lwo categories, which are: 1} constraint-based
testgeneration and 2) precomputed test-set based approach. Constraint-based test
generation rely on the fact that module can be tested by abstracting RTL cnvironment as

constraints.



The extracted constraints, with the embedded module, present the gate-level
ATPG tool with a circuit of significantly lower complexity than the original circuit.
Prccomputed test-set-based approaches first precompute the test sets for different RTL
modules, and then attempt to determine functional paths through circuit for symbolically
Justitying a test sct and the corresponding responses. The use of precomputed test sets
cnables RTL ATPG to focus its test effort on determining symbolic justification and
propagation paths. For RTL circuits, testability measures have been used for selecting
test architecture to improve fault coverage. The testability mcasures are based on
controllability and observability analysis. Design validation deals with verifying the
conformance of the design to its functional specification, thereby aiding in the
elimination of design errors.

For RTL circuits with a clcar controller/datapath it must possess free from
stuck-at faults. Tests are gencrated for these faults using explicit state enumeration and
used to detect stuck-at faults. In general, all these approaches attempt to measure test
quality by looking at the fauity circuit behavior, i.e., behavior of the circuit with a fault
inserted. The coverage metric in this case is closely modeled after the stuck-at fault
model coverage metric. Once the fault is detected in the RTL path it is then subjected to
validation and precomputation test sets to detect majority of faults in the path and reduce
the test generation time,

A heuristic i1s used in this case to identify controller behaviors that can
Justify/propagate pre-computed test vectors/responses of datapath register-transfer level
(RTL} modules. Such controller behaviors are said to be compatible with the
corresponding precomputed test vcctors/responses, The heuristic is fairly accurate,
resulting in the detection of a majority of stuck-at faults in the datapath RTL modules.
Also, since test generation is performed at the RTL and the controller behavior is

predetermined, test generation time 1s reduced



1.2 SOFTWARES USED :

e Modelsim XEIII 6.2¢

*  Xilinx 9.2i

1.3 ORGANIZATION OF THE REPORT

-

» Chapter 1 deals with the introduction .

¢ Chapter 2 deals with the testability,importance of testing , the various phases
involved in  testing and different testability analysis and the test generation .

» Chapter 3 deals with the faults . definition of a fault , their analysis and the
various fault models that exist in the circuits,the type of stuck-at faults and
how these faults are propagated and their effects in the circuit performance.

e Chapter 4 deals with the general MUX description and the steps involved in
determining the test vector by externally inducing a single stuck-at fault in the
circuit.

» Chapter 5 discusses the simulation results

* Chapter 6 shows the Conclusion and Future scope of the project



CHAPTER- 2

TESTABILITY

2.1 BASIS FOR QUALITY ASSURANCE :

Productivity 1s vital for survival. Increasing productivity has become a constant
goal,the importance of which cannot be over-emphasized. To increase the productivity
means to creatc more value at less cost with better quality. Quality implies the
embodiment of reliability and cost-effectivencss in operation; and quality assurance relies

on lesting and maintainance.

2.2 TESTING :

Process of exercising a product and analyzing its resulting response to check

whether the faults are introduced during the manufacturing or in operation phase.

2.3 IMPORTANCE OF TESTING :

Testing in its broadest sense, means to examine a product to ensure that the
functions and exhibits the properties and capabilities it was designed to possess.The
correct functioning of a circuit relies on its interconnections.The main purpose of testing
is to detect the malfunctions and to locate their causes, so that the faults could be
climinated.

2.4 PHASES OF TESTING :

The phases of testing are :

. Technology development

. System development

. System-parts fabrication

. System assembly and bringup



. In — field system maintenance

. System — parts repair.

2.5 TYPES OF TESTING :

. Production (manufacturing} test % test individual products to
check if the faults are introduced during manufacturing phase.

. System test % test a product in its operating environment to ensure
that 1t works correctly when interconnected with other components.

. Operation and maintenance test % test a product
in the filed for diagnosis or "preventive" purpose.

. Prototype test % testing to cheek for design faults during

the system development phase. Diagnosis is required.

. Different levels: chip, board, or system.
. On-line, off-line, or concurrent testing,
. Functional test % validating the correct operation

with respect to its functional specification.

. Structural test % testing of structural defects, such as open, short-ckt,

2.6 TEST GENERATION :

It is the creation of a sequence of stimulus patterns which when applied to the
input’s must be able to detect the fault The principle of test generation and fault
simulation is to postulate the fault and detect the malfunction, then perform the set of
lests deviscd to detect the fault one by one,

Test generation and fault simulation comprise the following steps.

. Fault specification

. Fault insertion

. Fault excitation

. Fault propagation

. Response evaluation

)



Main approaches for fault simulation are

. Selective tracing

. Parallel simulation

. Single fault propagation
. Concurrent simulation
. Speed-up techniques

. Parallel-value list

2.7 TEST GENERATION METHODS :

. Time frame expansion

. Simulation based method

In the case of simulation based method a fault simulator and test vector
generator is used to derive the tests. Circuit is tested at the RTL level and at transistor

level.

2.8 TESTABILITY ANALYSIS :

It usually refers to an estimation of the “fault coverage” that can be attained by
the use of a generated test set, or an estimation of the “testability”, often without actually
having all the tests generated. In this case a probabilistic approach 1s used. In some cases,
such “untestability™ can be due to the presence of built —in redundancy which can be

intentional or non-intentional.

Advanlages of Testability :

) Reduce test efforts.

. Reduce cost for test equipments (ATE).
. Shorten turnaround time.

. Increased product quality

6



CHAPTER -3

FAULTS

3.1 FAULT:

Fabrication of ASIC 1s a complicated process requiring hundreds of processing

steps. Problems may introduce a defect that in turn may introduce a fault.

3.2 FAULT DIAGNOSIS :

On detection of testing of errors in testing,fault-diagnosis needs to be
performed to locate the faults causing the errors. The main method for fault diagnosis has
been to perform many additional tests, using different patterns to sensitize the alternate
paths and to obtain various responses and then try to deduce from the observed results the
possible cause of the crrors by the process of backtracking. To avoid the delays and the
cxpenses for repetitive and on-line computing, the input and output relationships for the
faulty-circuit can be compiled into a “fault dictionary” to be looked up for comparisons

and diagnostic decisions.

3.3 FAULT MODELS:

The various fault models arc :

. Physical fault

. Logical fault

. Delay fault

. Open- circuit fault
. Short- circuit fault

7



Most of the short-circuit faults occur in interconnects; often they are known as
bridging faults (BF). A BF usually results from metal coverage problem that leads to
shorts. In case of BF it is classified into two catcgories of Feedback and Non-feedback

bridging.

3.4 STUCK AT FAULT MODELS :

. Single stuck-at fault

. Multiple stuck-at fault
. Stuck-on fault

. Stuck-open fault

Two types of logical faults are :
. Stuck-at 0 fault

. Stuck-at 1 fault

3.5 FAULTEFFECT :

When the application of fault changes the circuit behaviour, the change is called

as the fault effect.

3.6 FAULT PROPAGATION :

Fault effect travels through the circuit to other logic cells causing other fault

cffects. This phenomenon 1s known as fault propagation.



3.7 SINGLE STUCK —AT FAULTS :

In the single stuck -at fault models it is assumed that the effect of the physical

tault is to create only two kinds of logical faults. The two types of logical faults are

s Stuck —at -0 fault

s Stuck - at-1 fault

Stuck —at -0 fault propagates the value "0’ as the output irrespective of the actual

functioning of the circuit.

Stuck —at -1 fault propagates the valuc ‘1° as the output irrespective of the actual

functioning of the circuit.

If the fault level is at the structural level | the phenomenon is known as structural

fault propagation .

[f the fault level occur inside the blocks but no need to propagate the fault through

the path then it is known as behavioral fault propagation,

In case if beth structural as well as behavioral fault occurs in the same circuit then

1t 15 known as mixed fault simulation.

3.8 MULTIPLE STUCK -AT FAULTS :

Two or more faults mask cach other in the same circuit, but they do occur rare.

3.9 UNTESTABLE FAULTS:

Faults for which no test can he found. Faults that are redundant. Faults that do not

change the input output behaviour of the circuit.



CHAPTER -4

TEST VECTOR

4.1 TEST VECTOR :

In order to stimulate a device off board, a series of logical vectors must be applied
to the device inputs. These vectors are called test vectors and are mostly used to stimulate
the design inputs and check the outputs against the expected values. In other words, on a
tester, the test vectors replace the HDL testbench used by designers to verify the design
functionality. In case of a functional failure analysis, it uses test vectors to duplicate the
failure of the device under test. Since antifuse FPGAs cannot be reprogrammed, the
quality of the test vectors is critical to ensure a complete and timely failure analysis. Due
to the tester constraints, the test vectors are not fully capable of resembling the signal
conditions on the rcal board. A standard format in generating the test vectors are as

follows :

. Improves simulation by reducing errors

. Simplifies design verification on automatic test equipment
. Reduces project cycle times

. Reduces debugging costs

Guidelines that arc recommended for functional verification of designs in FPGAs, and
they cover several aspects of design verification,

including:

. Wavceform file formats
. Timing and sampling

10



. Tester constraints
. Handling bidirectional signals
. Simultaneously-switching outputs {S80s)

4.2 VECTOR GENERATION :

In test vector generation, the input vectors must be designed to stimulate the logic
module or the [/O that needs to be monitored. In simple designs in which it is easy to
loggle the desired module by stimulating few inputs, users may write a simple test bench
to do so. Furthermore, the simplest designs can be tested on a bench board. In such cases,
instead of test vectors, only stimulus instructions are required. For example the stimulus
insiructions can be as simple as the followmng:

Pull up inputl of the design, pull the rest of the inputs low and toggle the clock.

However, in a complicated design, where 1t i1s difficult to relate the inputs to the
destination internal node or I/O directly, the easiest way to gencrate test vectors is to
generate them from the test bench. Note that the verification test bench should naturally
stimulate the desired logic, so it should create accurate vectors easily. The vector
generation consists of repeating few fundamental steps:

A text file should be opened;

The inputs are sampled at the beginning of each cycle;
The outputs are sampled after being settled;
Collection of the sampled signals 1s written in the file.

A test bench usually contains the following blocks under the top level module:

. Stimulus module
. Instantiation of the design top module
. Special Routines

11



The following should be added to the test bench for vector generation flow:
. Top-level routines for:
- Check clock generation
- Generaling time stamp (optional)
- Character conversion to tester format
. Processes for:
- Formatting each line of the Vector file
- Converting each bit of each signal to tester format

- Writing completed vector linc into the file

4.3 VECTOR VERIFICATION :

The generated vectors should be functionally verified before being applied to the
real silicon on the tester. Due to the real time dclays on the silicon, the generated output
vectors may not match the outputs of the silicon. This is similar to simulating the design
functionality without back-annotating the delays after place and route. The mismatch may
happen if the back-annotated delays (SDF file) are not incorporated in the vector
generation. Therefore, the test vectors should be verified using the backannotated. delays
(SDF file) to simulate the real time delays on silicon. In vector verification flow, the
vectors are read from the vector file. The input vectors are applied to the design as force
vectors and the output of the design is compared with the output vectors. Since the test
vectors will be applied to the real silicon with the real time delays, it is recommended that
the back-annotated netlist and SDF files be used in vector verification instead of the RTL
level design. Similar to the vector generation the timing of applying inputs and sampling
outputs is important. In simulation for vecter verification, there should be enough time
intervals between applying the inputs and checking the outputs. The following routines
should be included in the top-level of the verification code:

. Reference (and check) clock generation

. Format conversion from the tester format

12



The necessary processes in the code are:

. Reading vector file
. Converting the format from the tester format by calling routines.
. Creating “force” vectors to be applied to the design and “observe™

Vectors for comparison.

4.4 TEST VECTOR GENERATION FLOW :

The number of ports of the design is limited to few ports in order to avoid
confusion and unnecessary complication. After generating the files, it should be run
through a format conversion script. However, the vectors, indicated by “out™ should be
converted. After finishing the format conversion, the files can be glued together in
format similar to the VHDL flow vector file. A similar pin list should be generated too to
accompany the vector file. The inputs are applied to the design inputs and outputs of the
design are registered to be compared against the expected values in the vectors. The
bidirectional vectors may act as inputs or outputs according to the state of the control

signals.

4.5 VECTORTESTING :

To apply at-speed tests to detect timing-related faults, existing structural BIST
necds to resolve various complex timing issues related to multiple clock domains,
multiple frequencies and test clock skews which are unique in the test mode. In contrast,
self-testing the devices using instruction sequences allows morc natural application of at-

speed tests.

13



Delay tests are applied by executing instruction sequences in a similar fashion as normal
system operations.

Pure functional scif-test may or may not give a desired level of test quality. This
paper recent research are frying to provide an answer to this dilemma. However,
regardless of what the answer might be, good understanding of the capability and
limitations of functional self-test can provide with more insights in how functional
sciftest can complement structural BIST. These insights may further trigger new research
to study hybrid solutions which combine the strengths of functional and structural self-

test,
Ins set. & net list

Constrainthtraction

|

Path Classification

Constrained Steuctural ATPG

!

Test Program Synthesis

|

Test Programs

Figure 4.1 Test program generation process
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4. 6 Test generation process :

The method consists of three phases. In the first phase, a path classification
algorithm is applied to identify a tight superset of the path delay faults which can be
tested using instructions. [t 1s observed that a structurally testable path (1.e., a path
testable through at-speed fullscan) in a microprocessor might not be testable by its
instructions - simply because no instruction sequence can produce the desired test
scquence which can sensitize the path and capture the fault effect into the destination
output fhp-flop at-speed. These paths are called functionally untestable paths.
Elimination of functionally untestable paths can significantly help identifying achievable
path delay fault coverage and also reduce the computational effort of the subsequent test
generation process. We extract a set of constraints capturing corrclations among input /
output (//0) signals and register d flip-flops of the datapath logic, while offering good
test quality. Given the extracted constraints and the gate-level netlist, the classification
will eliminate all functionally untestable paths from the fault universe. Our experimental
results show that a large percentage of the total number of paths are functionally

untestable.

In the second phase, a constrained, structural gate-level ATPG for path delay
taults 1s used to generate deterministic tests for functionally testable paths. Given a path
delay fault, the gate-level netlist, and the set of constraints extracted in the first phase, the
constrained, combinational ATPG generates a minimally-specified test vector pair which

specifies required bit-level values at primary inputs and register flip-flops.

The third phase is the program synthesis phase. In this phase, the vector pairs
generated in the second phase are mapped into required word-level values at the inputs
and the registers flip-flops in two consccutive cycles. An instruction-level justification
process is then invoked. Based on the instructional set architecture and micro-
architecture, the effeets on internal registers and on major signal lines in the processor

after the execution of cach instruction are pre characterized and modeled.

15



This high-fevel abstraction is used to guide the instruction-level justification which
significantly reduces the scarch space.

After finding a sequence of instructions that will bring the processor to state
satisfving the required value assignments, a signature calculation subroutine is appended,
which compresses the contents in all registers and stores the result in memory in order to
form the complete test sequence for the target fault, The above procedure is repeated until
all target path delay faults have been examined. In results, most vector pairs generated by
the constrained ATPG can be successfully realized by instructions. Besides, since we use
only the behavioral information of the processor in this phase, the search space is small

and thus, the runtime 1s efficient.

Load Program fron Extemal Tester

L
Reset P or Aoply [nit. Sequence

——j
Kxecution
t
Response Analysis

¥ ¥
Goad Faulty

Figure 4.2 Test procedure
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4.7 Test procedure :

The test application procedure of a test program is given in Fig. The test
program is loaded into the on chip memory by an exiernal tester at a slow speed.
Depending on the architecture of the processor core, the external tester might need to
reset the processor or apply an initialization sequence so that the processor starts fetching
and cxecuting instructions from memory. When the test program 1s being cxecuted at-
speed, a set of signatures is recorded in memory. At the end of the test program, a
response analysis subroutine is called to further compress the recorded signatures in

memory and finally, compare the compressed signature with the correct signature.

4.8 Control Event:

A control event 13 a unique set of control variable values when projected onto the

set of variables observed by the datapath .

4.9 Defining Control Event :

There are two parts: a state coverage metric (SCM) and a transition coverage

metric.

Number of States Virited
Total Reachabie Sratex

SCM =

wena . vwenber of Transiions Taken
TCM = - 24
Total Renchable Trangitions
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CHAPTER -5

RTL CIRCUIT
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Figure 5.1 RTL circuit
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5.1 RTL DESCRIPTION :

. Consider the RTL circuit shown in Fig. 4.1.

. The circuit comprises registers Ry, Ra, R3, Ry .

. Primary inputs Ply, PI; and resct rsz.

. Primary output PO.

. Multiplexers M, Mz and M;

. Comparator CMP, adder ADD.

. Subtracter SUB, and a controller.

. The bit-width of all modules in the datapath is four,
. The controller. shown in consists of seven states.

. S0, 51, 82, 83, 54, S5 and S6.

. For various combinations of input, (PS) and (NS) vary.

Output from the compare signal is fed as input to that of the controller block.
Reset serves as input to the controller block and the final output of the circuit will be
obtained as PO. The simultaneous operation of both the blocks constitute the
intermediate results and the data to flow in and out of the circuit. The next state (NS)
and values at the outputs of the controller are determined by its present state (PS),
CMT’s output, and rst. If #5r is asserted then NS is always irrespective of PS and the

value at CMP’s output.

5.2 CDFG:

A precomputed test vector for ADD consists of two subvectors (vi,v1)
corresponding to the two inputs of the module. ADD uses a carry-lookahead
implementation for computing the sum of the values held by its two inputs. A
precomputed test set that detects all the stuck-at faults in ADD consists of the vectors:
FO15, 1001, 15),(2.14).(5,1 2).(8,91,(0.13),(14,0),(13,1).(11.3) (7., 7}}.
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The goal of RTL test generation is to justify these vectors from the inputs of
ADD to primary inputs P1,.P1, , and rss, and propagate the responses to primary output .

The controller behavior derived from test sequence T, is reused during test
gencration by: 1) ensuring that the sequential circuit is unrolled and 2} maintaining the

same valucs for signals rsf and CMP as imposcd by test sequence.

UNnKnown
s5tate

L

S0

L

51

|

52

|

53

L

4

v

SO Bo

Figure 5.2 CDFG and state transition sequence exercised by

Validation rest sequence

In this figure precomputed test vector (vy,v2) can be dehivered to ADD only in
state (S4) and the response can be observed only in the subsequent state Sy . However, in
general, a given module can be exercised in multiple states by a given validation test
sequence. For example, CMP in this Fig is cxercised in states Si, S;, S4 . By reusing the
controller behavior extracted from T, , five out of ten vectors in the pre-computed test set
can be delivered to the inputs of ADD and their responses observed at the primary output.
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5.3 RTL FAULT MODELS :

As 1t is difficult to find the correlation hetween high-level fault models and gate
level fault models. It mainly focus on the RTL fault simulation, but not the mapping
between RTL and gate level fault models. For the VRM circuit model, we can define
fault models in natural way. These are stuck-at bit faults of d-node and k-node, except of
process and function node, which 1s associated with its CFG. Furthermore, ¢-nodes in
CFG do not need fault models at all, since cach c-node 1s associated with a DFG, in
which its d-node faulis are enough to represent assignment or condition faults including
the left-value variable faults and internal nodes faults of the expression. So it is possible

to obtain the good mapping between two level fault models.

5.4 RTL FAULT SIMULATION :

There are three typical fault simulations in the gate levels, i.e. parallel, deductive
and concurrent. At the RTL. the logic values dealt will be for words, instead of bits. So
the concurrent simulation may be the unique choice. Based on the VRM model, we
propose a RTL concurrent fault simulation approach. Since we do not deal with the delay
faults, we will use the 0-delay model. Furthermore, for simplicity, we only consider
single cleck and synchronous sequential circuits. So the simulation is cycle-accurate, and
the circuit levelizing is performed in preprocessing to avoid the iteration of simulation.
The concurrent fault simulation is a one-pass process. It simulates all active faults
simultaneously for cach test input. The super fault list (SFL) at RTL is defined. After the
good simulation, then we can sclect all active faults and inject to VRM for fault
simulating, which convert the selected fault into a super fault, add it to the SFL of its

corresponding node, and initiate a list event.
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During good simulation. the simulation event can be input value/edge, status
valuc/edge. clock edge and internal signal value/edge. The simulation starts from CKT
level. When there is a process, then go into its CFG in terms of DFGs. For the concurrent
fault simulation, due to SFLs, the event will be the logic list event. At the CKT and DFG

level models, like the gate level, the fault simulation or event propagation is simple.

Along the good path, simulate all possible faults simultaneously, which do not
cause any faulty branch. When the first faulty branch met due to some faults {called as
branch fault), then need simulate all possible faulty paths such that only propagate these
branch faults one by one. This must be a serial fault simulation in order to avoid the
appearance of multiple faults. In that case, it needs a LIFO stack to manage all possible

branch super faults to be simulated correctly.

The RTL concurrent fault simulation approach is feasible. Since the active part of
a Verilog program for each test input is a small rate, the number of selected faults for the
input to simulate and the size of total super fault lists will not be too large. So one can
implement cfficient fault simulators for VLSI, which even needs less overhead
comparing lo the gate-level one. For the VFSim, the RTL fault simulation result reflects
the gate-level one in a sense. Next is to include the VRM extension, and acceptable RTL

fault models which can map to gate-level ones in statistical sense.
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CHAPTER - 6

CONTROLLER

6.1 STATE TRANSITION TABLE :

» The state transition table for the controller is obtained.

e [t deals with various input’ s and thetr corresponding output’ s.
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Figure 6.1 Controller State Transition Table
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6.2 CONTROLLER DESCRIPTION :

Assume that T is a validation test sequence consisting of the following six
vectors: {(1000000000),  (000010000), (000000000), (000000000), (000000101),
(000000000)} .Each vector consists of nine bit values held by different primary inputs in
the following order: rs¢, PI1[3:0], PI:[3:0]. The behavior of the controller is governed by
the valucs held by the input signals to the controller (rsf and CMP’s output).

The pre-computed test vector/response of an embedded RTL module in the
datapath of a circuit can be justified/propagated by reusing the controller behavior
extracted from a validation test sequence. It is defined to be compatible with the pre-
computed test vector/response. A heuristic is quickly used to identify a compatible
controller behavior for a given pre-computed test vector/response. Hence, test generation
1s performed only for those precomputed test vectors/responses for which a compatible
controller behavior has been selected by the heuristic. This significantly reduces the
number of test generation attempts required to justify/propagate the precomputed test
vectors/responses of all the RTL modules in the datapath of a circuit.

The heuristic consists of two steps. The validation test sequences are first
fault-simulated. The stuck-at fault simulator is augmented to capture the cycles in which
a fault gets activated and eventually detected. If a detected fault belongs to an RTL
module in the datapath, then the second part of the heuristic is used to estimate whether
the controller behavior extracted from the corresponding validation test sequence is
compatible with any one of the module’s pre-computed test vectors/responses. This is
done undcr the assumption that pre-computed test vectors (responses) will take the same

number of cycles to get justified (propagated) as taken for the detected stuck-at fault.
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CHAPTER -7

TEST GENERATION METHODOLOGY
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Figure 7.1 Overview of proposed validation test enhancement methodology
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7.1 TEST ENHANCEMENT DESCRIPTION :

Fig.6.1 shows the proposed validation test generation methodelogy. The
mnitial data set consists of an RTL circuit description, a synthesized gate-level netlist and
the validation test set T . Assume that T contains n test sequences (T, Tz, T . Ty). For

each test sequence , we perform fault simulation to determine the faults detected in

different RTL modules in the datapath.

It a validation test sequence T; detects one or more faults in a datapath RTL
module M, , then we determine whether the controller behavior extracted using T; is
compatible with any of the precomputed test vectors/responses of M; . The heuristic uses
the information obtained from the augmented fault simulator to verify quickly whether
Jjustification/propagation of a pre-computed test vector/response in a CDFG
corresponding to a validation test sequence will result in a conflict. If the metric 15 below
the threshold valuc for all conflicts, then the controller behavior is declared to be
compatible with the pre-computed test vector/response. Note that only a single pass
through the CDFG is required for a given validation test sequencc and a given pre-
computed test vector/response. If the controller behavior is compatible, then RTL test
generation 1s performed by reusing the controller behavior to find a test sequence. If a test
generation run is successful, then the corresponding pre-computed test vector/response is
removed from the precomputed test vector/response library. This process is repeated until
all the RTL modules in the datapath have been targeted. Fault simulation is then
performed using the newly generated test sequence to determine the stuck-at fault
coverage obtained using the proposed methodology. Reusing the controller behavior for
RTL test generation results in very low test generation times. Also, a majority of stuck-at

faults in the datapath RTL modules get detected.
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CHAPTER -8

JUSTIFICATION PROCESS
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Figure 8.1 JUSTIFICATION OF REQUIREMENT VALUES

Consider the gate-level circuit. [t consists of one NOR gate ny, one NAND gate n,
one AND gate ay . two OR gates o) and o2 , four primary inputs x,,x>,x3 and X4 , one
primary output z , and two fan-out nodes f; and f>. The requirement values are captured in
the format (r,, ). Assume that an initial requircment value assignment of (1,0) is made at

while the requirement values for all the other nodes are initialized to (0,0).
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8.2 JUSTIFICATION ANALYSIS :

Given a validation test sequence, we first extract the CDFG exercised by the
sequence. Next nced is to determine efficiently and accurately whether
justification/propagation of any precomputed test vector/response of an RTL module in
the CDFG will result in a failure. For this purpose, it define two measures called /-
reguirement (rp) and O-requirement ( ry ) cach line in the CDFG. They capture
approximate requirements for a line to hold binary value “1™" or “07, respectively, for
justifying/propagating a pre-computed test vector/response in the CDFG. The range of
values that ro and ry and can assume is 0 < rp,r< 1. Also, for any line, if r; (rp)>0 and 10
(r1)=0 . Given a set of initial assignments, the nonzero requirement values are justified to
primary inputs in the CDFG. The initial assignments correspond to a pre-computed test
vector/response and the values at the controller inputs. Justification through RTL
modules is performed using their gate-level implementation. The justification process

obeys the following rules for gate-level modules.

* AND gate: Let the number of gate inputs be n . Let i and o represent the gate
input and output lines, respectively. Then

1f re{ 1)< rg{0)/n, then ry(i) = re{0) /M
ifri(i¥<ri{o}, then r;(1)=rs(0).

e OR gale: Let the number of gate inputs be n . Let 1 and o represent the gate

input and output lines, respectively. Then

if ry(¥<re{o), then ry(i)=ry(o)

if ri(D<ri(o)n. then r(1¥=ry(0)/n.
e NOT gate: Let i and o and represent the gate input and output lines,
respectively then,

if o(i¥<r(0), then rg(=r{o0)
if 11 (<ry(0), then ri{i)=ro{0)
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s« Fan-out point: Let a line i have k fan-outs 0y, 03, ..... ok. Then

to(1)=max (ro{op), To(1)}
ri(i=max (ri{op), (1)), 1 <p <k.

The CDFG is levelized before the justification process. Hence, a single pass is
sufficient to justify the requirement valucs to the primary inputs. In some cases, during
the justification process a condition might arise wherein the 0- and 1-requirements of a
particular lin¢ are both assigned valucs greater than 0, Such a conflicting sitvation arises
when a given line in a CDFG might need to hold both Boolean values “0” and “1”" in
order to satisfy the initial assignment of requirement values. The extent of the conflict on

a line 1s measured with the help of the following metric :

- 1 l
FTDIwlen il )

When etther of the parameters hold the value 0, ¥ evaluates to 0, indicating no
conflict. However. when both ry(l) and r(l) are equal to 1, y evaluates to infinity
indicating that I needs to hold both complementary Boolean values, which is not possible.
Also, v is a monotonically increasing function in both rg(l) and ri(l) in the range
O<rg(l),ri(1)=1 . Based on the experiments presented a threshold value of 1.0 was selected
for v . Hence, if y for a conflicting situation is greater than 1.0, then justification is
stopped and the corresponding controller behavior i1s declared to be incompatible with the
pre-computed test vector/response. However, if v < 1.0, then the smaller of the two

requircment values 1s changed to 0.
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The values are stored based on the levels of the corresponding lines. The values are
Justified starting from lines with the lowest level number (primary outputs in the CDFQG)
to lines that have the maximum level number (primary inputs in the CDFQG). In case of a
conflict on a line o { both rg (0), 1| {0 ) > 0 ) ,v 1s evaluated. Depending on its value, we
cither continue with the justification process or declare the controller behavior
corresponding to the CDFG as incompatible with the targeted precomputed test
vector/response. If the justification process completes with all intermediate values, if any,
falling below the threshold value, then the controller behavior is declared to be

compatible with the pre-computed test vector/response .

The requirement values are captured in the format (r,, ;). Assume that an initial
requirement value assignment of (1,0) is made at , while the requirement values for all
the other nodes are initialized to (0,0). The initial nonzero assignment at is justified using
the procedure propagating to the primary inputs. In other words, we want to quickly
estimate whether there exists an assignment of Boolean values to primary inputs that
imply a Boolean value 0 at . Fig.7.1 shows the requirement values at different nodes

at the end of the justification process. A conflict ariscs at fan-out node f1, since both ry(f))

and r,{f}) get assigned a value of 0.5. ¥ for this conflict evaluates to 0.46. Since ' is less
than (1.0), the conflict is resolved in this case. The heuristic predicts that there exist
primary nput value assignments that resolve this conflict. This is indeed true as there are

three vectors that result in a Boolean value 0™ at z .
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CHAPTER -9
SIMULATION RESULTS
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Figure 9.1 Simulation result for validation test set
The mput’s are : CLK, RST

The output’s are : §,, S,



Figure 9.2 Simulation result for pre- computation test set

The input’s are : CLK, RST, EN

The output’s are : Test vector set
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Figure 9.3 Simulation result for proposed fault

The input’s are : CLK, RST, CMP

The output 1s : presence of fault indicating as ‘1’
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Figure 9.4 Simulation result for final circuit
The mput’s arc : CLK, EN
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9.6 TIME ANALYSIS REPORT :

Table 9.1 Timing report

Existing Proposed

Parameters method method
Input 8.175ns 2.466ns
arrival rate

Output 4.664ns 3.762ns
arrival rate

Time 7.519ns 7.313ns
response

Thus the test generation time has reduced in case of proposed method.
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CHAPTER -10

CONCLUSION AND FUTURE SCOPE

10.1 CONCLUSION :

Thus in this project the behaviour of both the blocks independently and
combined are obtained. In this project, a novel method is presented by using a validation
test set to generate test sequences that have good stuck-at tault coverage for datapath
RTL modules. The scheme first derives the controller behaviors from validation test
sequences and reuses them for simplifying justification/propagation analysis
corresponding to pre-computed test vectors/responses of datapath RTL modules. A
heuristic is used to identify controller behaviors that are compatible with a given set of
pre-computed test vectors/responses. It requires only a single pass through the CDFG
corresponding to a validation test sequence and 1s accurate, resulting in a small number of
test generation runs. Test generation 1s performed at the RTL and the controller behavior
1s prespecified, which results in very small test generation times. The test generation time
obtained is said to be less in case of simultaneous operation of both the blocks than the

previous method.

10.2 FUTURE SCOPE :

The future scope of this project is that the test generation could be

obtained for asynchronous circuits and for the circuits associated with glitches.
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