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Verification and Testing Technology Exploitation for |1 P-Based
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Abstract

To use an SOC (System-On-a-Chip)
realize a complex system has become the
main trend for today’s IC design. To design
an SOC, in one hand, it needs to have a
powerful CAD system to incorporate many
IP's into one single chip; in the other hand, it
needs to verify the designed system and test
the finaly fabricated chip to guarantee its
proper function and performance. To achieve
the latter goal, it needs to have a powerful

The project, to be carried out in three year
period, has three sub-projects in the second
year, which are : (1) system-level verification
interacting with architecture exploration; (2)
Testing technology development for 1P-based
SOC design; and (4) SOC silicon diagnostics
and yield improvement. It is dedicated to
investigate the verification, testing and debug
techniques at three levels, i.e., system levdl,
IP-level and silicon wafer debug of SOC
design. The fina am is to develop a
complete and practical verification and
testing system for SOC design.
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(1) System-level verification interacting with
architecture exploration:

In this sub project, The system-level



co-simulation technology described in this
report has been validated successfully on
several applications, and at different design
stages of severa telecommunications and
multimedia products. We have applied our
wrapping technology on a H.263 CODEC, an
ADSL application, a High-Density Central
Site Modem (HDSM), and an MPEG-4
decoder. In all cases, we had to deal with
in-house and third-party IP cores. Some of
the in-house IP cores were still under
development, and our wrapping scheme
helped plug them into the system prior to, or
upon, their completion. It aso helped us,
when we started developing the wrapping
scheme, to work first on in-house IP cores.
This gave us the opportunity to develop the
API functions for the cores ourselves, after
collaboration with the (in-house) IP core
designers.

Besides, a wrapping technology for
hardware/software co-simulation is proposed.
It includes three phases. (1) /nitialization
phase. (2) Execution phase (3) Termination
phase. Our hardware/software co-simulation
technology is verified to be an efficient and
fast way to run heterogeneous cosimulation,
and quickly incorporate foreign IP cores into
embedded systems. Substantial productivity
gains and design-time reductions have
resulted from its use. In a high-density central
site modem (HDCSM) application, we
have been able to wrap severa in-house IP
cores and set up a heterogeneous
cosimulation system platform in less than
two weeks. This includes the development of
the API functions for the IP cores, and the
interaction models with the system. We have
developed and tested the heterogeneous
cosimulation IP models with little knowledge
about the cores themselves. Applying
different speedup techniques, we have been
able to accelerate the heterogeneous system
cosimulation substantialy (often by three
orders of magnitude). For example, we have
been able to speed up the system simulation
of the HDCSM application from three
instructions per second (RTL) to 1600
instructions per second. Thus far, the

IP-based synthesis technology is only
partially automated. The communication
layer and the client/server interfaces are
generated automatically. However, the
designer’s assistance is needed to define the
interaction model, and the API functions.

(2) Testing technology development for
|P-based SOC design:

For the second year of the sub-project,
there are four topics under investigation. For
al the topics, significant progress has been
obtained and some of results are being or
have been written into papers for publication:

2.1 “Signa induced coupling fault testing for
IP interconnection wires’

In this work, we propose a test scheme
to test crosstalk faults. It uses an oscillation
signal applied on an affecting line and detects
induced pulses on avictim line if a crosstalk
fault exists between these two lines. It is
simple and eliminates the complicated timing
issue during test generation for the crosstalk
fault. The scheme is very simple and easy to
be implemented. Two test generation
approaches, i.e., the guided random test
generation and the deterministic test
generation are described and experimental
results are presented. The experimenta
results show that the proposed test generation
approach, i.e., it first uses the guided random
test generation then a deterministic approach
can effectively generate crosstalk fault test
patterns for circuits. Some results of this
work have been presented in ATS 2002 [1].

2.2 “Test tolerance on observation signature
for analog signal IP circuit testing”

In this topic, we have presented a
structure-based specification-constrained test
generation method which starts  with
derivation of the relationship between the
gpecifications and the device and/or
component parameters, and it then considers
variations of component parameters due to
fabrication process fluctuation by using a
statistical model. The relationship between
the observed signature and the parameter may



be monotonic or non-monotonic. A criterion
that combines signature sensitivity and
input-output transfer factor is used to
generate test patterns for monotonic type
parameters.  For  non-monotonic  type
parameters, test generation with the aim of
reducing the degree of misclassification has
aso been proposed. Simultaneously, a
tolerance range that corresponds to the
limitations imposed by the specifications is
obtained. An example circuit has been used
to demonstrate the test generation procedure
and to show the effectiveness of the
generated test frequency in increasing the
observability and reducing the degree of
misclassification. Besides, we have written
several papers based on thiswork [2, 3].

2.3 “Specification reduction for analog IP
testing”

In this topic, we have presented an
approach to reduce the number of test
specifications for analog circuits. It starts
with derivation of the relationship between
specifications and device and/or component
parameters then defines upper and lower
bounds for parameters to find essential test
specifications. Then the variations on
component parameters due to fabrication
process fluctuations are considered by using
a datistical model to reduce test
specifications with a testing confidence
probability. A continuous time state-variable
filter example circuit has been used to
demonstrate the specification reduction
procedure and it has been shown that 2, 3 or
4 out of 10 specifications can be ignored
during specification testing under the 99%,
90% and 50% testing confidence level
respectively. The procedure is effective and
can be used in manufacturing specification
test for analog circuits to reduce test time.
Besides, severa papers based on thisresearch
work have been presented [4, 5].

2.4"“Anaog PLL IP testing and diagnosis’

In this topic, we have presented a design
for diagnosis scheme which make the PLL
output a periodic signal through the use of

some extra circuit. This enhances the
conveniences to observe signals under test. In
addition, the design for the PLL diagnosis
proposed is simple but efficient in identifying
representative faults for the PLL during the
manufacturing stage when the PLL does not
oscillate or meet the performance
specifications. Some results of this work
have been presented in IMSTW [6].

(3) SOC silicon diagnostics and yield
improvement:
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