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Abstract 

Many SOCs today are too large for a traditional flat or partition-based approach to DFT with manual steps. 

Breaking designs into smaller pieces makes physical implementation more manageable for designers as well as 

for EDA tools. Hierarchical DFT divides the design into smaller pieces, creates test structures and patterns at the 

core level, then retargets the core patterns to the chip level. For the purpose of ATPG, a well-proven D-algorithm 

is made use of. Vectors are created within the chip's DFT framework using Cadence's Modus tool at the 16nm 

technology node. These vectors cover various test modes, encompassing both stuck-at and transition faults. 

Each DFT region aims for over 99% stuck-at fault coverage and more than 85% transition fault coverage. If the 

target coverage (>=99% stuck-at fault coverage and >=85% transition fault coverage) is not met, fault coverage 

accounting method is utilized which considers untested faults from ATPG and generates test vectors making 

them testable resulting in coverage improvement. Before application on actual silicon in the ATE, these patterns 

undergo validation via simulation using Cadence's IES tool, at both block and device levels. 

Keywords: Hierarchical DFT, MODUS tool, ATPG, test coverage, stuck-at and transition faults, Fault coverage 

accounting, TPIs 

 

1. Introduction 

Before the era of million-gate ASICs, testability 

was often considered a back-end issue. Large 

designs were “thrown over the wall” to a 

dedicated Production Engineering group. 

Frequently, this “over the wall” approach resulted 

in excessive rework and wasted time. Today’s 

design complexities and time-to-volume pressures 

require a proactive approach. Testability must be 

designed into the chip architecture right from the 

RTL coding phase. This proactive ASIC design 

strategy has come to be called design for 

testability (DFT). The motivation for 

implementation of a hierarchical DFT is to create a 

handshake with front-end and physical design 

engineers. In hierarchical DFT approach, the chip 

can be divided into multiple smaller pieces or 

cores, which can be efficiently accessed and 

processed. Large design issues like tool memory, 

large ATPG run time, and pin limitations can be 

resolved by Hierarchical DFT techniques. It results 

in a reduction in the pin count, memory and test 

run time due to patterns being generated at the 

core level. It is also possible to run cores in  

 

 

parallel. With all of the aforementioned benefits, 

this hierarchical method seems quite promising. 

The main aim of this paper is to generate test 

patterns for the design using MODUS tool of 

Cadence and hence validation of the same with 

the help of Cadence IES simulator that simulates 

the given design with the generated test patterns. 

This experimental run is based on a 16nm 

technology design. The targeted test coverage is 

85% for transition faults and 99% for stuck-at 

faults. Using hierarchical DFT approach, there 

exists various advantages such as test vectors can 

be reduced using the compression technique, test 

time can be reduced and hence reduction in test 

cost. Further, to overcome coverage loss, fault 

coverage accounting method is adopted wherein 

individual wrapped cores are tested in isolation 

from each other resulting in coverage 

improvement. Also, Test Points are inserted to 

improve a design’s testability and improve its test 

coverage by adding a certain number of control 

and observe points in the design.  

Incremental test generation for evaluating the 

effects of the modifications on the testability of 
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the design is provided in [1]. This brief argues that 

without completing test generation, a quick 

(incomplete) method for detecting undetected 

faults is effective in determining that the 

testability will degrade due to a local design 

alteration. A technique that executes consecutive 

local design adjustments is used in two tests. A 

modification is only approved if it eliminates 

existing alterations and doesn't cause any new, 

undetected faults. In [2], various design for 

testability (DFT) methodologies for total-ionizing-

dose (TID) testing of flash-based field-

programmable gate arrays (FPGAs) are thoroughly 

compared. The methodologies for enhanced scan 

DFT, clocked scan, and muxed D scan are all 

compared. Circuits from the ISCAS'89 benchmarks 

are used for the comparison. Comparison points 

include how FPGA resources are used, how hard it 

is to set up a design, how much latency DFT logic 

adds, and how reliable tested paths are in each 

method. Using Microsemi ProASIC3 FPGAs and the 

Cobalt 60 facility, the authors have experimentally 

validated the outcomes of each technique. When 

employing worst-case test vectors (WCTVs) in 

total-dose testing of FPGA devices, the 

experimental results demonstrate a near 

totaldose failure level for all methodologies. 

Although functional test sequences often produce 

a lower gate-level fault coverage than scan-based 

tests, they can detect defects that are missed by 

scan-based testing. Functional test sequences 

created using design-for-testability (DFT) 

techniques stray arbitrarily from functional 

operation conditions throughout the design. The 

concept of invisibleDFT is presented in [3] as a DFT 

strategy for functional test sequences, in which 

specific logic blocks are the only ones affected by 

activating the DFT logic. In this paper, an invisible-

scan method is developed. The process outlined in 

this work considers a single logic block and 

involves inserting scan shift cycles into a 

functional test sequence while preserving the 

logic block's principal input and output sequences. 

Other logic blocks cannot see the DFT logic 

activated because of this. For this purpose, only a 

restricted set of primary output vectors can be 

rectified using the approach. The presentation of 

experimental results demonstrates how invisible 

scan might lead to an increase in fault coverage. 

The implementation of the Hierarchical DFT 

approach—which aims to increase test coverage 

at the block level—is presented in [4]. Depending 

on the functionality required, the SOC is split up 

into many layouts and DFT areas. For ATPG 

purposes, the tried-and-true Dalgorithm method 

is taken into consideration. The Modus tool from 

Cadence is used to generate the vectors at the DFT 

level inside the chip using 16nm technology. 

Patterns are intended for several test modes, 

including stuck-at and transition fault coverage, 

for the DFT region of the SOC. The goal is to 

achieve Stuck-at and transition fault coverage of 

more than 99% and 85%, respectively, in every 

single DFT area. 

2. Objectives 

This paper explores a hierarchical Design for 

Testability (DFT) approach aimed at enhancing the 

testing process for flash controllers. By 

decomposing the testing strategy into multiple 

levels—ranging from individual functional blocks 

to the complete system—the hierarchical DFT 

approach enables more comprehensive and 

efficient validation. Key benefits include improved 

test coverage, streamlined fault isolation, and 

reduced testing time and costs. The approach 

incorporates techniques such as scan chains, built-

in self-test (BIST), and structured test points, 

tailored to address the unique requirements of 

flash memory management. Results demonstrate 

that hierarchical DFT significantly enhances the 

reliability and performance of flash controllers, 

making it a valuable strategy for modern 

semiconductor testing and verification.  

The objectives of the project are to generate test 

patterns for the design using MODUS tool of 

Cadence, to validate the generated test patterns 

using IES from Cadence, to reduce test time and 

test cost and to improve test coverage. 

3. Methods 

The generation of test patterns for the given 

design happens as per the MODUS process 

flowchart as shown in figure 1. There are five 

major steps in this flowchart as explained below:  

• Build Model: Generates the logic model that the 

MODUS uses by reading in Verilog netlists, 

technology libraries, memory, and analog models. 

• Build Test Mode(s): Constructs particular test 

structure configurations (scan chain, test pins, 
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compression structures) needed for pattern 

generation or design diagnostics. 

 • Verify Test Structures: Confirms that the 

design's scan chains, and other test structures 

adhere to the rules meant to guarantee testability. 

Severe warnings point to structures that could 

lead to the generation of incorrect vectors. 

Additional cautions point to possible lesser test 

coverage achievable structures. Before starting 

ATPG, resolve all serious warnings. It assists in 

scanning a design database for possible issues 

such as contentions, timing, and scan chain issues.  

• Build Fault Model: It creates the fault model for 

ATPG. It is used for ATPG/diagnostics simulation. 

It helps in building individual fault model for static 

and dynamic faults for the design and prints 

statistics for various categories of faults it has 

created.  

• Test Pattern Generation: Develops test patterns 

to validate and test faults. 

A. Pattern Generation – ATPG  

The Cadence Modus tool is mostly utilized for 

ATPG in 16nm technology. The act of choosing 

which stimuli to apply to a design in order to 

illustrate its proper structure is known as test 

pattern creation. The application of these test 

vectors is used to demonstrate that there are no 

manufacturing-induced faults in the design. To 

produce test patterns, a script file supporting the 

Modus tool must be written. In order to ensure 

that there are no serious design violations, the 

flow in figure 1 illustrates the different models 

that must be created while generating patterns. 

These models include the netlist and the 16nm 

technology libraries, as well as the definition of 

test configurations, test structures, and the 

reporting of analyzed fault models and their 

corresponding tested status. 

• Write Vectors: Lays out the vectors for 

simulation or to satisfy IC manufacturers' criteria 

for the production interface. It logs errors to 

compile a list of each defect model and its state at 

the time of testing. The following formats for 

writing vectors are supported by Modus: 

▪ IEEE established the Standard Test Interface 

Language (STIL) format.  

▪ WGL stands for Waveform Generation Language, 

a Fluence Technology, Inc. format.  

▪ Test Description Language (TDL) is a Texas 

Instruments Inc. proprietary format.  

▪ NC-Simulation uses the Verilog format from 

Cadence Design Systems, Inc. 

From the list of faults, the test generator chooses 

one untested fault and attempts to create a test 

for it alone. As seen in Figure 2, the test generator 

either develops a test for the defect or marks it as 

untestable based on the input limitations of the 

testmode and optional inputs. Another fault is 

chosen while keeping the pattern for a testable 

defect. A single test has all patterns that have the 

same clocks and don't have any conflicting 

stimulus on PIs, PPIs, or flops/latches. 

Upon determining the ideal quantity of tests to 

run concurrently, each test is completed to ensure 

that all PIs and scannable flops/latches are 

assigned a value. The command line's parameter 

settings determine how the fill is carried out. The 

fault simulator receives the finished set of tests 

after that. 

The tests are simulated by the fault simulator. A 

test is eliminated if it exhibits any issues (cause X, 
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cause disagreement, etc.). The fault list indicates 

checked for the defects found by the remaining 

tests. If the values of the good and defective 

machines are opposite, then a fault is said to have 

been identified. If the fault machine value is X 

(don't care), the problem is deemed to be 

"possibly detected." 

Test generation is the first step in the process, 

which is repeated after the fault simulation is 

finished. This cycle keeps going until either all 

defects for which patterns may be generated have 

been found, or until a certain stopping point (such 

the maximum amount of time, patterns, or 

coverage) has been met. 

Fault Coverage accounting and TPIs: Once the 

ATPG run is completed, those faults which 

remained untested are targeted using Fault 

Coverage accounting method and inserting test 

points (Observe points and Control points) at 

appropriate places within the design to further 

reach the coverage target (99% stuck-at fault 

coverage and 85% transition fault coverage). Fault 

Coverage accounting method helps to determine 

those pins which were untested. TPIs also 

enhances the testability of the design by making 

those pins/nodes which could not be tested 

during ATPG process as PIs or POs as appropriate. 

4. Results 

The expert system technique has numerous 

drawbacks, most of which are related to the 

implementation support tools. The hierarchical 

DFT method is by no means efficient or optimal in 

and of itself. Additional challenges might be 

observed by closely observing the updates and 

optimization of the fundamentals, but prior 

research and the hierarchical approach to design 

for testability (DFT) verification appear fresh and 

encouraging, and they may offer VLSI engineers 

and designers a workable solution. 

Test Coverage 

The ATPG are written out using the design netlist 

of the specified ISP block in a communication chip 

utilizing the previously stated DFT technique. 

Because these vectors are formed compactly, 

there are fewer vectors overall. The run-time has 

been shortened by the compression logic 

employed during pattern creation. 

Two top-up transition test modes are tried for the 

ISP block. As seen in Figure 3, the first test mode 

appends its coverage % to the second test modes. 

The vector count, however, won't during the ATPG 

procedure. Figure 3 above illustrates that the 

80.34% Transition coverage was attained. 

The ISP block has three distinct DC testmodes. As 

was previously said, the ultimate DC coverage of 

99.01% was reached after coverage was added at 

each testmode. The coverage details are 

presented in Figure 4 format. 

As can be seen in Figure 5, the AC coverage of 

94.90% was achieved by taking ac_accounting into 

account. 

For the RAM dominated block, two top-up 

transition testmodes are attempted. The first test 

mode adds its coverage % to the second test 

modes, as seen in Figure 6. During the ATPG 

process, however, the vector count won’t 
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increase. As seen in Figure 6 below, the 68.82% 

Transition coverage was reached. 

Figure 7 illustrates DC testmode coverage for RAM 

dominated block with a coverage of 95.26

%. 

Figure 8 & 9 demonstrates coverage after 

ac_accounting and dc_extest respectively 

achieving a total coverage of 76.85% and 96.25% 

respectively.  

 

 
 

 

 

 

 

Figure 10 and Figure 11 illustrates total 

number of test points inserted in a design 

and the improvement in test coverage 

after TPI insertion and one extra 

transition top-up mode. 
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Figure 12 and 13 demonstrates pattern validation 

for one of the testmodes for ISP and RAM 

dominated blocks respectively using IES simulator 

of Cadence. 

5. Discussion 

The ISP block has the various test modes which 

includes stuck- at (DC) and transition (AC) modes. 

The ATPG coverage for DC and AC modes are 

99.01% and 80.34% respectively. Similarly, for the 

RAM dominated block, the ATPG coverage 

achieved are 95.26% (DC) and 68.82% (AC). By 

considering fault coverage accounting to improve 

AC coverage of ISP block, the coverage was 

improved to 94.90%. In the similar manner, 

although extest and ac_accounting was 

performed to improve DC and AC coverages 

respectively, the coverages were really not up to 

the mark (76.85% for transition coverage and 

95.27% for stuck-at fault coverage). Other 

methods such as Test point insertion and also 

extra transition top-up mode was utilized to 

further improve the coverage. The AC and DC 

coverage achieved after Test point insertion and 

one extra transition top-up mode introduction are 

respectively 81.09% and 96.25%. Design is 

simulated using IES simulator of Cadence to 

validate the generated patterns. 

Further studies involve mapping these block pins 

to device level pins for ease of test. 
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