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Abstract- In the present era of very complex integrated
circuits, DfT (Design for Testability) plays a very important
role in ensuring the reliability of the integrated circuits. The
reliability in the context of DfT is measured in terms of test
coverage of the design. Due to the increasing complexity of
the designs, more and more constraints will get added on the
design which will pose challenges for DfT engineers to attain
the higher test coverage of the design. As a result, the
reliability of the integrated circuits cannot be ensured. In such
scenarios, the test points will be used to increase the test
coverage by making the undetectable / uncontrollable /
unobservable faults as detectable or controllable or
observable. The test points can be introduced for mainly two
reasons i.e., either for improving the test coverage or for
reducing the test patterns. This journal proposes a custom
flow for introducing the test points on a design after knowing
the test coverage without test points and targeting only the
undetected faults for the test point analysis. The project uses a
new type of test point analysis methods which is Versa point
analysis which targets for both test coverage improvement and
test pattern reduction. The benchmarking results of the project
shows the advantages of using the Versa points over the
traditional test points.
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1. INTRODUCTION

In today’s complex integrated circuit designs,
ensuring the reliability of an integrated circuit is a crucial
factor during the development phase of the integrated circuit.
Formerly the functional vectors were being used for testing.
But, as the complexity of the design increases, the functional
vectors will increase exponentially. The testing of the
integrated circuits using structural tests can also ensure the
reliability of the circuit with some minimal test vectors. The
technique of testing the circuits by the structural tests is called
Design for Test techniques.

Design for Testability (DfT), is a VLSI technique
introduced at the pre-silicon phase of the integrated circuit
which ensures the reliability of an integrated circuit at the

Page | 883

post-silicon phase by performing tests using DfT structures.
The DfT structures include JTAG, Scan Chain, MBIST,
LBIST, WBRs, OCCs, Test Points, etc,

Fault coverage is the DfT term which indicates how
many faults are being detected among the total faults which
may occur during fabrication process. Similarly, test coverage
indicates how many faults are detected among the total
number of detectable faults in the design. After introduction of
standard DfT structures to the core, one can run the ATPG
tool to generate test vectors and know the test coverage for the
same.

A. Overview of the problem
The following figures depicts the problems incurred
during the ATPG. Many nodes will be left unobserved or

uncovered due to some constraints or unresolved logics
around them.
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Fig 1.1: ATPG uncontrolled or unobserved module.
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Fig 1.2: Circuits where test points are needed to be inserted.

Even after implementing several DfT structures in
and around the functional logic core, due to the constraints on
the design several nodes were left undetected. These nodes
will be having lost either controllability or observability.
Controllability of a node is the ability of the node to be excited
to both high and low values by the top-level ports of the
design. Observability of a node is the ability of the node that
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its value is propagated to the top-level ports of the design.
These uncontrolled or unobserved nodes are left uncovered or
undetected by the ATPG which results in lower test coverage.
For detecting such nodes, the controllability and observability
at that node has to be improved by the addition of suitable test
points.

Also, some nodes will be having large values of
controllability and observability, so that faults at these nodes
will be detected by unique test vectors or they need more
effort of the ATPG engine to generate test vectors. This will
result in increased test vectors or increased run time. Test
points can also added at these nodes which are having highest
controllability and observability values to reduce the number
of deterministic patterns.

There are many test point insertion flows are
followed for improving the test coverage. The journal focuses
on a hybrid/custom flow. Because, in all the existing flows
one has to decide on many factors for the test points at the
very initial stage of the DfT insertion. Prior to knowing the
test coverage without test points, one has to decide on the
number of test points to be inserted on the design. Also the test
point flops are added in a separate chain. To avoid the above
scenarios and implement the test point insertion technique
without any extra scan chains, the journal proposes a
custom/hybrid flow for the test point analysis and insertion.
And also the journal focuses on the use of versa points
combined with observe point sharing technique which
increases the effectiveness of test points on the design and
reduces the area overhead incurred by the addition of test
points.

I1. PROPOSED FLOW

The journal proposes a custom or hybrid flow which
emphasizes on inserting the test points on a design post ATPG
(i.e., after knowing the actual test coverage and pattern count)
without adding new chains to accommodate the test point
flops. The flow is implemented by performing the test point
analysis and insertion process based on the results of the
ATPG process. Also, the analysis and insertion processes are
performed in different EDA tools to ensure efficient test point
insertion.

Page | 884

ISSN [ONLINE]: 2395-1052

Start

Synthesized netlist N
Scan stitching

ATPG Test point insertion

Fault List Post processing of

Coverage Analysis test point locations

Required

Test point analysis
coverage met? po 4

Timing analysis

End

Fig 2.1: Proposed flow for efficient test point insertion for test
coverage improvement.

Fig 2.1 shows the flow chart for the proposed hybrid
test point analysis and insertion flow for test coverage
improvement. The flow chart gives the overview of the
algorithm used.

111. DESIGN AND IMPLEMENTATION

This section precisely describes the entire algorithm
used for the insertion of test points for the DfT test coverage
improvement. The hybrid test point analysis and insertion flow
proposed in this project involves the following steps.

A. ATPG on the scan inserted netlist

The test points mainly targets the stuck at fault
models. Hence test patterns are generated for the stuck-at fault
type in both compression and bypass modes during the ATPG
process. After the completion of the ATPG process the final
fault list is dumped out. This fault list is written out to use it in
the further process of coverage analysis and test point
analysis.

B. Coverage analysis

Coverage analysis is performed on the fault list
dumped out by the ATPG process. The fault list will be having
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information of all the covered and uncovered faults of the
design. It also gives the information of fault sub-class of every
faults in the design. In this step, the root cause for the faults to
remain uncovered is analyzed and the uncovered faults are
segregated into separate bins. ATPG is re-run with some
modified settings or test procedures to cover the remaining
uncovered faults.

C. Test point analysis

After performing the coverage analysis, depending on
the short comes of the ATPG process, the type of test point
analysis is decided and the same is carried out to detect the
optimal test point locations. To do test point analysis, the
netlist of the design is read and analysis settings are made such
as number of test points to be added, number of target
patterns, type of the test point analysis, no-test blocks etc. The
fault list from the recent ATPG configuration run is read to
target the uncovered faults. The result of the test point analysis
is written out to a file. This file will contain information of the
test points to be inserted in the design to achieve the purpose
of test point analysis performed. These test points should be
inserted in the netlist and then the test point flops should be
made scannable and then stitched inside the existing scan
chains. Later the ATPG process is repeated on the test point
inserted netlist to see the effects of test points on the final test
coverage.

D. Post-processing of test point analysis results

In the proposed hybrid flow, test point analysis and
test point insertion steps are performed in different tools. The
test point analysis is performed on the design by the Tessent
tool. The Tessent tool is selected for test point analysis as it is
having efficient algorithms for analyzing the fault sites which
cannot be controlled or observed and also, the tool has
different algorithms for different test point usage purposes
which is not supported by other tools. But the Tessent tool
lacks a significant feature of updating the existing scan chains
without compromising on the top-level ports and balance
factor of scan chains. Hence, we cannot be able to stitch the
inserted test point flops into the existing chains. Hence, we
came up with a unique flow in this project. Here we take the
test point locations suggested by the Tessent tool and then post
process the output files from Tessent to convert the format of
the test points as such they are in the RtICompiler command
format. These RtlCompiler commands for inserting the test
points are written out to a tcl file.

E. Test point insertion.
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Once the tcl file is ready with the test point insertion
commands, test points can be inserted by sourcing the tcl file.
For doing so, first the database of the RtiCompiler which was
previously created when the scan insertion is performed is
read to restore the same environment in the tool. Then the test
point insertion commands are loaded by sourcing the tcl file
generated by the script. After inserting the test points, one can
easily hook them up in the existing scan chains with a single
command, update_scan_chains. As the test points are inserted
by the RtiICompiler tool itself, it supports for the updating of
scan chains with the test point flops. In this way we can
overcome the pitfalls of Tessent tool in updating the existing
scan chains with the newly inserted test point flops.

Once after the test points are inserted into the design,
the ATPG process is repeated to see the effects of test points
on the design. This process can be done in an iterative way to
reach the desired test coverage on the design by trying
different number of test points. To ease up on the iterative
process, this flow is also automated using the shell script.

IV. EXPERIMENTAL RESULTS

The proposed hybrid test point analysis and insertion
flow is implemented on two designs and the results are
obtained as expected. The results are shown with respect to
these designs. The baseline numbers such as coverage, pattern
count, area, etc., of both design A and design B that are
compared with the results of the project are shown below.

Diesign A
Test Pattern | Flop Gate Area
coverage | count count count T
86.63% | 3230 29736 303042 | 37039514

Table 4 1: Design aspects of design A

Design B:
Test Pattern | Flop (Gate Are
coverzge | coumt count count aree
86.51% | 18392 7315 124401 | 733954

Table 4 2: Design aspects of design A.

Based on the analysis of the results with respect to
both the designs, few results are considered for benchmarking
in different cases and the same are discussed in the below
sections.

Case 1: The number of test points inserted on a design will
affect the coverage and the pattern count. The same has been
benchmarked as shown in the following figure.
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Design A:
T | Th Ch o | TS | covempe | e A= Ba=
LBET e 22 1 E S.92%
1BBT L0g i3 42 T4 PRI 5313 ETLOL54T
enT | s | s e A% s | smanam nim

Table 4.3: Benchmarking results of incremental LBIST type of
test points on design A

Design B:
TE= Th ch o ::;— [m— Famem A= ::
LBET 53 38 i4 44 FTEdw 19T 715229
LBET Lo #2 EES aL AT g TigRad 413
LBET L5 71 53 LLg T i93g 733733 g
LBET 209 L2 33 143 2T L3sd T43333 BATE
LBET 25 L33 L2 L74 F8.22% La2é 742133 L.ll4

Table 4.4: Benchmarking results of incremental LEIST type of
test pomts on desizn B.

In the above shown benchmarking results, it is
observed that increasing the number of test points yields in
more coverage improvement and pattern count reduction.

Case 2: The different type of test points are inserted on the
designs with a fixed number of test points to compare the
effect of individual types on coverage and test pattern number.
The same is benchmarked in the below table.

Design A:
T Type Ths I o | TEL | covm Famc: A ket
LEET L5 o4 EH 115 [ERE 592
ATPG L5 ] 75 D [ERETY I STta6LE4 0.tEg
VERIA L5 44 L k- 93.23% 3544 STLI4LTE d.i4d
VERZA 2 E 143 e [ER1Y 3287 5745299 8192

Table 4.3 Benchmarking results of different test pomt tvpes on
coverage and number of pattems on design A

Design B:
Flep s
TF Tagpe Th CFa O A’:;’; vy Timea A= 1:-_—_.=
1BET 125 ] 30 a7 97994 2003 737804 0524
ATRG 125 33 72 a1 FEE N 1oL 737264 L XL}

VERSA 135 L7 Lod 5L FEL 1332 TI&3TS 0a2g

VERSA 20 4 LT at FEAEN Laag 73318t 0EEg

Table 4.6: Benchmarking results of different test point types on
coverage and mumber of pattems on design B.
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In the above case, it is observed that the Versa point
type of test point analysis and insertion has produced more
effective results when compared to the LBIST and ATPG type
of analysis. The Versa points are the hybrid test points, which
targets for both the test coverage improvement and also the
pattern count reduction. The same can be observed in the
above benchmarking results.

Case 4: The observe point sharing also is a factor to be
considered which can affect the effect of test points. The
following table shows the effect of observe point sharing on
the coverage and number of patterns.

Fleg: b Az
T Type T T Oga ity | Cevemge [ Fe=mema Am= —
LBET 200 123 72 200 90U 5197 STLTETE | b240e43705
LBIT 200 L3t (33 L5T FIETh 513¢ STLTIL 0232430043
VERSA 200 57 143 186 FE.60% 2297 5740298 | .i924Te0dd

Table 4.7: Benchmarking results of observe point sharing
effect on the test point area overhead.

In the above benchmarked results of case 4, one can
notice that, application of observe point sharing technique can
reduce the area overhead on the design due to the test points.
The combination of versa point and observe point sharing
technique will improve the effectiveness of test points on the
design with minimal area overhead.

V.CONCLUSION

The journal mainly focused on a new customized
flow of implementing the test points on a design and
introduction of new type of test point analysis that is versa
point analysis. By analyzing the experimental results, it can be
concluded that the proposed hybrid flow implements the test
points on any design without affecting the design aspects such
as introducing new chains in the design, changing the balance
factor of the chains, etc., The test coverage of the design can
be increased by doing the analysis considering only the
uncovered faults after the ATPG process. Also, the Versa
point analysis is the most effective type of test point analysis
which will improve the test coverage factor as well as reduce
the test patterns. These versa points combined with observe
point sharing technology can reduce the total area overhead of
the test points on the design.
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