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Studies on a Non-Scan Design for Testability Method
Based on Time Expansion Model for Register Transfer

Level Circuits*

Hiroyuki Iwata

Abstract

With the progress of semiconductor technology, testing of VLSI circuits becomes
more difficult and the cost is increasing. To reduce the cost of testing, design-for-
testability (DFT) techniques have been proposed. The most widely used DFT tech-
nique is the full scan approach. However, it requires large hardware overhead and long
test application time. Recently, a non-scan DFT approach for register transfer level
(RTL) controller-datapath circuits has been proposed to reduce the test application
time. However, the required hardware overhead becomes too large.

In this thesis, the main objective is to reduce the hardware overhead caused by the
previous non-scan DFT approach for RTL circuits. First, partially strongly testability
is defined as the testability of RTL circuits. Then, we propose a DFT method to make
an RTL circuit partially strongly testable and a test generation method for partially
strongly testable circuits based on time expansion model. In the experimental results,
the proposed method can achieve complete fault efficiency within practical test genera-
tion time and drastically reduce hardware overhead and test application time compared

to the previous approach.

Keywords:

design-for-testability, register transfer level circuit, time expansion model, partially

strong testability, complete fault efficiency

“Doctoral Dissertation, Department of Information Processing, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0561006, March 16, 2007.
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GCD 16| 2 1 3 3 2 3| 1010.7
LWF 16 2 2 5 5 3 0| 1364.7
JWF 16| 4 5 14 25 3 0| 4208.3
Paulin | 16| 2 2 7 0| 4329.0
Tseng | 16| 3 2 6 9 0| 3163.9
RISC |32 1 3 40 84 20 3| 39834.8
MPEG 8| 56| 148| 241 207 | 161 0 | 48709.7
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42000000000

00 O00o00ooOo (oboooofe) | oooo
GCD 16.5 3.8 0.0
LWF 20.4 9.6 0.0
JWF 18.5 3.1 0.0
Paulin 9.0 3.5 1.8
Tseng 10.5 8.4 2.4
RISC 16.9 4.3 0.0
MPEG 14.0 8.0 0.8

043000000
0 DFTO (000000 (ODO00OO0O([1e]|0o0od
GCD 100.00 100.00 100.00| 100.00
LWF 100.00 100.00 100.00| 100.00
JWF 100.00 100.00 100.00| 100.00
Paulin 99.23 100.00 100.00| 100.00
Tseng | 99.01 100.00 100.00| 100.00
RISC 99.37 100.00 100.00| 100.00
MPEG| 88.30 100.00 100.00| 100.00
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0440000000

0O DFT [ OO0O0000 (DOO0Doo[e|0oon
GCD 3.18 0.20 0.83 0.39
LWF 0.33 0.21 0.62 0.24
JWF 3.63 0.60 0.62 1.74
Paulin 297.50 0.83 0.86 4.69
Tseng 703.90 0.34 1.08 0.87
RISC | 12210.81 55.17 76.56 60.02
MPEG | 68947.90 1.84 1.18 13.34

450000000

oo DFTO (000000 (ODO00OO0O([1e]|0o0od
GCD 133 2351 387 197
LWF 56 2674 250 70
JWF 244 14849 769 608
Paulin 147 2824 875 526
Tseng 590 4752 633 523
RISC 2271 621284 5520 3420
MPEG 1216 185183 107359 8448
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