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I. Introduction

 BIST (Built -In Self-Test) is usually applied on milli on gate designs to achieve at-speed testing.
Many BIST methodologies have been proposed [1]. Nevertheless, they all share the similar
structure, e.g., a pseudo-random pattern generator (PRPG), a circuit under test, and an output-
response analyzer. In particular, the quali ty of a random pattern generator plays a key role in getting
higher fault coverage. Therefore, it is desirable to develop a PRPG with the highest fault coverage.

  A popular BIST approach is called STUMPS (Self-Testing Using MISR [Multiple Input Signature
Register] and Parallel SRSG [Shift Register Sequence Generator] ). Figure 1 shows such a
STUMPS BIST architecture. As shown in the figure, a full -scan circuit is fed with random patterns
from the Primary/Signal Inputs (PIs/SIs), and the corresponding test responses are shifted out and
analyzed through the Primary/Signal Outputs (POs/SOs).

Figure 1. The STUMPS architecture
II. Problem Description
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   Given a full -scan gate-level circuit described in Verilog, you are asked to design a Pseudo-
Random Pattern Generator (PRPG) on the STUMPS BIST structure to achieve the highest fault
coverage.

III. Input

A full -scan gate-level circuit in Verilog format. An example of a full -scan gate-level circuit is
given below.

module s27_s0 (G17, SCAN_OUT, G0, G1, G2, G3, SCAN_IN, CLK,
        STI_TM1);
output  G17, SCAN_OUT;
input   G0, G1, G2, G3, SCAN_IN, CLK, STI_TM1;
wire    G10, G11, G12, G5, G13, G6, G14, G7, G15, G8, G9, G16;
FD1S I5 (.CP (CLK), .D(G10), .Q(G5), .TE (I5_TE ) , .TI
( SCAN_IN ) );
FD1S I6 (.CP(CLK), .D(G11), .Q(G6), .TE(I5_TE), .TI(G5));
FD1S I7 (.CP(CLK), .D(G13), .Q(G7), .TE(I5_TE), .TI(G6));
IV I14 (.A(G0), .Z(G14));
IV I17 (.A(G11), .Z(G17));
AN2 I8 (.A(G14), .B(G6), .Z(G8));
OR2 I15 (.A(G12), .B(G8), .Z(G15));
OR2 I16 (.A(G3), .B(G8), .Z(G16));
ND2 I9 (.A(G16), .B(G15), .Z(G9));
NR2 I10 (.A(G14), .B(G11), .Z(G10));
NR2 I11 (.A(G5), .B(G9), .Z(G11));
NR2 I12 (.A(G1), .B(G7), .Z(G12));
NR2 I13 (.A(G2), .B(G12), .Z(G13));
SCAN_DECODER_CLAS SCAN_DECODER (.CTRL1(STI_TM1) ,

.SCANSYN_SCAN(I5_TE));
BU SCANSYN_BUF_0 (.A(G7), .Z(SCAN_OUT));
endmodule

module SCAN_DECODER_CLASS (SCANSYN_SCAN, CTRL1);
output  SCANSYN_SCAN;
input   CTRL1;
BU C1 (.A (CTRL1), .Z (SCANSYN_SCAN));
Endmodule

  

IV. Output
�

 A pseudo-random pattern generator (PRPG) in Verilog RTL format.



�
 Output patterns of PRPG in VCD format.

V. Language/Platform
�

 Language: C�
 Platform: Sun/Solaris

VI. Evaluation

Fault coverage (most important) based on SynTest tools, CPU time, and memory requirement.
The contestants may also use Verifault (from Cadence) or other fault simulator, if available, to
obtain their fault coverage reports. The evaluation, however, will be based on the results reported
by the SynTest tools. (It should be noted that different fault simulators might report different results
on fault coverage.)

VII. Technical Support

Tools provided by SynTest:

�
 A Verilog parser that can parse a Verilog source code into an AST. A library with

programming language interface (PI) is available to convert the AST into your data
structure. (In fact, you really don’ t need the parser to work on this problem; all you
need is to identify related keywords. Hopefully, this remark can make you feel more
comfortable with this problem set.)

      �
 A fault-simulation tool to read in the output of PRPG (in VCD format) and to report fault

coverage.

Additional tools will be provided by SynTest, if necessary. Please email Guli at� � � � � � � � 	 
 � � 
 � 
 � � � 
 �
 for further information.

VIII. Questions

Please report any question regarding this problem to cad@cis.nctu.edu.tw with the email
subject “CAD Contest: Problem 8.”  Your question(s) will be answered in two weeks, and the
Q&A’s will be posted at the contest web site.
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Appendix:
�

 Hint:

There are two ways to enhance your PRPG design. The basic idea is to do fault simulation on a
given core circuit with the patterns generated by PRPG and then modify the PRPG to get higher
fault coverage.

1. Using ASICGEN & Verilog simulator
SynTest will provide a fault simulation tool called ASICGEN. Here is the process:

a. Use Verilog to simulate your PRPG and dump the simulation result in VCD format.
b. Use VCDIN provided by SynTest to translate VCD format to SynTest test pattern

format, .TP.
c. Using front end tools provided by SynTest to translate a given core circuit into the SynTest

database.
d. ASICGEN reads in the TP file and database, and reports the fault coverage.

2. Using Verifault
You can also use Verifault to do fault simulation on PRPG and the given full -scan circuit.
Please note that the fault model in Verifault and SynTest are somewhat different, thus the fault
coverage are not the same all the time. You should only compare the results generated by one
methodology.

ATTENTION: The evaluation will be based on the result reported by ASICGEN.
  �

 Bonus:

The advanced approach is to insert test points. You can design a tool to report the locations with
very poor controllabili ty and observabili ty. Insert test points as an extra scan chain either
automatically or manually. Do fault simulation to verify your progress.
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