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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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I. 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 

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. 

 

 
Fig 1.1: ATPG uncontrolled or unobserved module. 

 

 
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. 
 

II. 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. 
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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. 

 
III. 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 RtlCompiler command 
format. These RtlCompiler commands for inserting the test 
points are written out to a tcl file. 
 
E. Test point insertion. 

 

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 RtlCompiler 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 RtlCompiler 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. 
 

 
 

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: 

 
 
Design 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: 

 
 
Design B: 

 

  
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. 
 

 
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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