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Studies on Non-Scan DFT Methods for
Register Transfer Level Circuits Based on

Hierarchical Test Generation®

Shintaro Nagai

Abstract

With the advance in semiconductor technology, since the complexity of VLSI
designs is growing, the cost of testing is increasing. Testing of the circuit consists
of two stages: test generation and test application. The former denotes to generate
a test sequence which is an input sequence to detect faults in the circuit. The
later denotes to apply the test sequence to the circuit. The cost of testing is
estimated by test generation time and test application time. The quality of testing
is estimated by fault efficiency of test sequences. The fault efficiency denotes the
ratio of the sum of the number of faults detected and the number of fautls proved
redundant to the total number of target faults under test generation. In order
to reduce test generation time and test application time and to enhance the
fault efficiency, design for testability (DFT) techniques which makes testing of
the circuit easy have been proposed.

DFT methods at gate level face common problems. Since the number of the
circuit elements at gate level is increasing, the computational complexity of DFT
becomes huge. Also, the design constraints inputted into a logic synthesis tool
may not be satisfied by adding DFT elements to the original circuit. Recently,
in order to solve these problems, DFT methods at register transfer level are

proposed.

*Doctor’s Thesis, Department of Information Processing, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DT0061020, March 1, 2003.
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A register transfer level circuit generally consists of two sub-circuits: a data
path and a controller. The data path which processes data is represented by
hardware elements (e.g. registers, operational modules and multiplexers) and
signal lines connecting them. The controller which regulates the datapath is
represented by a state transition graph.

The most commonly used DFT techniques are scan based approaches. In scan
techniques, some registers in a circuit are replaced into scan registers which can
be controlled /observed from outside of the circuit. However, scan techniques have
disadvantages such as high hardware overhead, increased test application time.
Moreover, in scan techniques, at-speed testing is difficult.

To avoid these disadvantages of scan based approaches, several non-scan based
approaches have been investigated. In non-scan techniques, values of all registers
are justified /observed through data transmission paths used for normal operation.
Therefore, test application time of non-scan techniques is shorter than that of scan
techniques. Also, in non-scan techniques, at-speed testing can be performed.

To reduce test generation time, hierarchical test generation method have been
proposed. Hierarchical test generation method consists of two steps. Firstly, test
patterns are generated for each combinational module in the data path using a
combinational automatic test pattern generation tool at gate level. Secondly, test
plans are generated for each combinational module at register transfer level. A
test plan is a control vector sequence that can justify any value to the inputs of
the combinational module under test from some primary inputs, and that can
propagate any value from the output of the combinational module to a primary
output. However, there does not always exist a test plan for each combinational
module.

In this dissertation, we first propose a new property of circuit structure of data
paths called fized-control testability. We also propose a non-scan DFT method for
data paths which makes a data path fixed-control testable and a test architecture
for a whole circuit consisting of both a controller and a data path. In this method,

a test plan generator which can generate test plans for the data path is embedded.



If a data path is fixed-control testable, hierarchical test generation can be applied
and the test plan for each combinational module can be composed of at most
three control vectors. Therefore, the test plan generator can be designed as a
combinational logic. This method can achieve 100% fault efficiency, and allows
at-speed testing. Furthermore, from our experimental results, test generation
time and test application time of this method are shorter than those of the full-
scan design.

Next, we propose a non-scan DFT method for hierarchical testability of a data
path using control vector sequences generated by an original controller without
adding any function to it. This method also guarantees the applicability of hi-
erarchical test generation for each combinational module. In order to generate
a control vector sequence for a test plan from the original controller, we extract
an extended test control data flow graph from the data path and the controller.
Also, this method has same advantages as our DFT method based on fixed-control
testability. Furthermore, from our experimental results, the area overhead of this
method is smaller than that of our DF'T method based on fixed-control testability
since the area overhead for the test plan generator to supply such test plans to

the data path is small.

Keywords:

register transfer level, design-for-testability, fixed-control testability, hierarchical

test generation, data flow graph
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RISC 1 2 11 o4 62 3986.9
ctrll 3 0 129 0 256 9522.6
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MPEG 56 148 8 241 161 69245.5
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