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An automatic test pattern generator (ATPG) program takes a logic-level netlist for a Verilog
design and generates test patterns for all of the collapsed stuck-at faults in the design. The wavele-
tatpg tool uses a novel application of digital signal processing theory, in which all sequential digital
circuits are viewed as digital signal processors. The tool stimulates the circuit with random vec-
tors, and compacts the vectors down to the ones that detect faults. The digital spectra of the
vector stream are determined, and subsequent vectors are biased to accentuate the spectra shown
to be useful for detecting faults. The tool has the highest fault coverages, and the shortest vector
sequences, of any existing sequential ATPG tool. The Verilog parser for this tool was developed at
the University of California at Berkeley, and given to Rutgers by the Regents of the University of
California. The wavelet testing group at Rutgers interfaced the parser to the binary netlist data
base and the waveletatpg tool.

Figure 1 shows the input file preparation process for the ATPG tool. Figure 2 shows the files
read by the ATPG tool, and the files created. All output files are in ASCII format and can be
viewed with a text editor. The test generator creates other temporary files, and uses a variety of
other tools (benchverilog, fixbench, testgenerator, and compact). Normally, the user need
not be aware of these other tools.

1. The I/P file is the combined logic-level Verilog description of the design with the gtech
library description at the beginning.

2. The fault_list file is automatically created by the ATPG tool and has the Verilog signal
names of all of the faults in the following format: from to stuck-at value, with one fault
on every line, with the 3 fields separated by white space. Field from is the Verilog name of
the signal driving the fault site. Field to is 0 if it is not used. For fanout branch faults, to
indicates the Verilog signal name (load) that the branch fault is on. The stuck-at value is
0 for stuck-at-0 and 1 for stuck-at-1.

*Suresh Kumar Devanathan created the original idea of wavelet ATPG and wrote the program as his undergraduate
research project.
"Michael L. Bushnell was Suresh’s adviser for undergraduate research.
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Figure 1: Input File Construction for the waveletatpg Tool.
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Figure 2: System Data Processing Flow for the waveletatpg Tool.



3. The vectors file is the file with test vectors generated by the tool for your circuit. There
is a single 0 or 1 for each primary input of your circuit. The order of these signals and the
Verilog primary input names for each of these signals is given at the end of the vectors file.

4. The undetected faults file lists the faults that the tool could not generate tests for. The
file format is the same as for the fault_list file. You can rerun the testgenerator ATPG
tool on these undetected faults, and it will find more tests for them. You can then place
the vectors for the additional faults at the end of the original vectors file. You should not
presume that undetected faults are untestable — you can only conclude that this tool could
not find a test for them.

5. The settings file sets important parameters for WASP to work most effectively, and these
must often be adjusted for specific circuits. Its format is a series of name=wvalue lines, each
on a separate line.

o initial. file=<name> restarts the ATPG program using the named file for the last vectors
file. This is highly useful when a computer or the tool crashes, because you can recover
all of the work done previously, without having to recompute the vector file. Default:
NONE

e initial.vectors.nof=+# sets the initial number of random vectors that the wavelet test
generator creates. Default:

o filter.replication=# sets the number of times the filter has to be replicated. Default: 5
e holding.time=# sets the average number of times to hold a vector. Default: 2
e iterations=# sets the number of iterations. Default: 400

e compaction.iteration=# sets the number of cycles after which the full compacter is in-
voked. Default: 5

o filter.range.begin=# sets the filter cutoff coeflicient range starting value. Default: 0.8,

Range: [-1, 1]

o filter.range.end=# sets the filter cutoff coefficient range ending value. Default: 0.9,
Range: [-1, 1]

e filter.constant.length=# sets the constant filter length. Default: 128, this must be a
power of 2

o filter.adaptive=# tells the test generator to use an adaptive filter scheme if the parameter
is 1, otherwise non-adaptive if the parameter is 0. Default: 1

o circuit=<extender> sets the internal circuit file type extender. Default: bench

o tempdir=<directory name> specifies the name of the temporary file directory. Default:
current directory

e compactor=<name> specifies the file location of the compacter executable. Default:
compact

6. Instead of using the settings file, each of these parameters can be put on the command line

with multiple, separate -P options. Just leave out the “=" sign.

7. The results file gives the following important information about the tool’s execution:

(a) For each detected fault, the time frame when it was detected.



(b) An indication of when the test generator ended a portion of its computation, with the
# vectors, the # detected faults, and the fault coverage achieved by that phase.

(c) The Final Verification indicates the final vector length, the total # faults detected,
and the final fault coverage. If it is not 100%, you need to add design-for-testability
hardware to this design and try again.

) The number of inputs, logic gates and flip-flops, and circuit outputs.
e) The # detected faults and # total faults.

) CPU times for portions of the algorithm.

) Memory usage for the algorithm.

Note that the file does not report fault efficiency, because this tool is unable to prove whether
faults are untestable.

1 Coding of Verilog for Test Pattern Generation

1.

10.

Only logic-level, structural Verilog can be parsed by this tool. This means that if you write
behavioral Verilog, you must first synthesize it into logic-level Verilog using the Synopsys
design_analyzer using the gtech library, and write it out in a logic-level Verilog file from
the Synopsys system. Then, you must insert the file ~ bushnell/atpg/gtech_lib.v at the
beginning of your logic-level verilog file. If you do not insert the library, the tool will not
work.

. The tool will work only with hardware synthesized by Synopsys using the gtech library. All

bets are off with any other libraries.

. The name of your topmost module in the Verilog file must be the same as the file name of

the logic-level verilog file. Otherwise, the tool will not work for you.

. The ATPG tool does not understand parameter, ‘define, and assign statements that assign

values to internal wires. If you attempt to use any of these statements, the tool will not work.

. None of the Verilog transistor primitives or tri-state devices will work with this tool.

. Any latches synthesized in the output file by Synopsys will cause this tool not to work.

However, it does understand all of the various flip-flops used by the Synopsys gtech library.

. If you code the logic-level Verilog file without using Synopsys, you must still satisfy the

above constraints. The tool will understand and, nand, or, nor, not, xor, xnor, and buf
primitives in structural Verilog. If you use any flip-flops, you must use only the ones available
in the gtech library. You can see these in the file ~ bushnell/atpg/gtech_lib.v.

. The tool will reject any Verilog file where internal wires in a module do not drive anything.

In fact, this tool will not tolerate any floating wires in the design.

. If you need to wire signals to logic 1 or 0, you can do this using GTECH_ONE and

GTECH_ZERO.

The parser cannot abide a module with an empty port list.



11.
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While individual logic gates do not need to have instance names, the parser will unceremoni-
ously core dump if you give a non-primitive module instance without an instance name.

The parser cannot interpret the post-2001 Verilog modern syntax. Use the 2001 syntax,
instead.

Status of the Automatic Test Pattern Generator

The ATPG tool has generated test patterns successfully for a moderate number of Verilog circuits
for microprocessors. It has these limitations:

1.

3

Use a separate, empty directory for each new circuit. Otherwise, the tool mixes up the files
for different circuits.

. Inputs to the tool must be typed EXACTLY as specified here, or the tool malfunctions.

. If the tool or system crashes, you can restart it using the last vector file created by the tool

(called testgenerator) and using it with the initial.file option.

. Report all bugs and core dumps to Mike Bushnell.

Copying the ATPG Binaries into your Directory

In its present state, WASP must be copied into your directory where you are running it from. Here
are the minimal number of files that you should copy over into the directory where your netlists
are, if you want this tool to work:

cp
cp
cp
cp

Cp
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bushnell/waveletatpg/compact .
bushnell/waveletatpg/testgenerator .
bushnell/waveletatpg/lib*.so .
bushnell/waveletatpg/ruverilog .

bushnell/waveletatpg/fixbench .

Operating the Automatic Test Pattern Generator

All files for this test-pattern generator reside in the directory ~bushnell/waveletatpg on the caip
file server. The tool can be run most simply with this command:

~bushnell /waveletatpg/waveletatpg input_file_name -s settings_file_name

Use this command to run the tool wherever possible.
Here are the operating instructions for this tool:

e Basic Usage: ~bushnell/waveletatpg/waveletatpg <verilog_file_name> [options]

e Argument:

<verilog_file_name> The first argument must be the name of the verilog input file (without
the .v extender).



e Options (can be either upper or lower case):

— -s <settings file> Read the settings from this settings file.

— -P <option_value> Any line that can go in the settings file can be put in the command
line with a -P option, but leave out the “=" sign.

5 Example

The following command will generate tests for circuit test.v using the settings file my_settings:
waveletatpg test -s my_settings

The settings file (my_settings) contents would be:

iterations=500
compaction.iteration=7

6 Help If You Have Problems

We want your feedback, and we will fix either your file or the tool to generate your test patterns.
See Mike Bushnell (Room CORE 624, (732) 445-4854, bushnell@caip.rutgers.edu) and describe
your problem to him. Have your logic-level Verilog file ready, and be prepared to email it to him.



