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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
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IP'sinto 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
and effective verification, testing and debug
system. In view of this, this integrated joint

project is proposed to investigate the
verification, testing and  diagnostic
technology for the SOC design.

The project , to be carried out in three year
period, has four sub-projects, which are : (1)
system-level verification interacting with
architecture  exploration;(2)  Functional
verification techniques for IP-based SOC
design; (3) Testing technology devel opment
for IP-based SOC design; and (4) SOC
silicon diagnostics and yield improvement. It
is dedicated to investigate the verification,
testing and debug techniques at four levels,
i.e, system level, RTL leve, IP-level and
silicon wafer debug of SOC design. The final
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, our front-end
verification environment and its associated
tool have successfully overcome the
challenges of IP-based  architecture
exploration mentioned at the beginning of
this report. The reasons are:

1. The communication between hardware and
software instances is highly feasble
because both hardware and software
instances are modeled at the same level of
abstraction and the simulation environment
views hardware and software instances as
homogeneous models.

2.The peformance edtimation of the
architecture is fast and accurate because
our timefaithful modeling technology
saves a large amount of simulation time,
by not modeling the processing data and
their transforms.

3. The sdection of IP cores is efficient
because the architectural attributes can be
rapidly tuned to find suitable architecture
specifications. Furthermore, RIPEE can
aso determine suitable architectura
attributes without using existing IP cores.
This alows designers to use the attributes
to define I P specifications.

(2) Functiona verification techniques for
IP-based SOC design:

In the sub project 2, we have built the
framework of our verification system. It can
take gatelevel Veilog as input. We
developed our agorithms and system based
on two embedded processor IP designs. a
simple pipelined Floating Point Unit (FPU)
and a commercia product “embedded Sparc
Processor”. After studying the design of the
smple pipelined FPU design, we have
developed an efficient verification algorithm
and implemented into our verification system.
We have verified some properties of the
simple FPU design and found severa bugsin
the design. We also studied the embedded
Sparc processor design and converted the
RTL design in gatellevdl format for our
verification. After converting it, we will
apply the same verification method to verify
the FPU in Sparc processor. Experimenta
results show the usefulness of our algorithms
and system. Besides, we have written severa
papers based on this research work [1-3].

(3) Tedting technology development for

|P-based SOC design:

For the first year of the sub-project,
there are six 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
or for application for patents:

1. “Stuck-at and open/short” testing on IP
interconnection wires and 2. Coupling
(noise) fault testing between I[P
interconnection:

In IP-based SOC design environment,
dl IP's are assumed to be designed with
IEEE1149.1 boundary scan and connected in
P1500 format. For the above two topics, an
innovative scheme has been invented which
can detect both the above two classes, i.e,
“stuck-at and open/short”, and *“coupling”
faults of interconnection lines of IP's.
Through modifying boundary scan cells of
each IP, we can construct oscillation rings on
selecting interconnection lines of IP's. By
observing oscillation of rings, we can detect



al the stuck-at and open/short faults of the
connected  interconnection  lines. By
observing if there are oscillation signals of
the neighboring interconnection lines, we can
detect the coupling faults between the
oscillating interconnection lines and the
neighboring interconnection lines.
Furthermore, with some  additional
modification on the oscillation detection
circuit to detect the period of the oscillation
signal, the delay of the interconnection lines
can be measured. This offers an additiona
way to detect delay faults of interconnection
lines.

3. A BIST scheme based on oscillation ring
test for combinational digita IP's:

For this topic, instead of using the
origina idea of forming oscillation ring to
detect stuck-at and delay faults for
combinational IP's, we invent a “ Socillator”
scheme to detect the above faults. The
scheme is neat and powerful. The idea is to
use an oscillation source, from which the
name “ Socillator” comes from, to be fed into
the path-under-test (PUT) of the
combinational IP with the pattern for other
inputs of the IP shifted from the boundary
scan chain. A detection circuit is designed to
catch the transition of signa propagating
through the PUT. By varying the period of
oscillation source, the delay of the PUT can
be tested. This offers a way to detect the
delay fault of a combinational IP without
using an external ATE. The scheme has been
written into a paper and accepted for
presentation in VTS2001 [4], and been filed
for patenting.

4. Oscillation ring test for sequential IP's:
Sequentia IP's intrinsicaly have a
potential to oscillate when their state variable
outputs are connected directly to their
corresponding inputs. Through oscillation of
the connected oscillation rings, the stuck-at
faults of the associated lines with the
oscillation rings can be detected since
existence of those faults will stop the
oscillation, and the delay of connected paths

can be tested if the period of the oscillation is
measured. An agorithm to select the
feedback paths to be connected has been
developed to make the sequentia IP oscillate
under fault-free condition. Also, the flip-flops
of the circuit are modified to have four
different modes in order to insert additional
inversion in the feedback path to create
oscillation. In addition, a test generator to
generate hazard-free delay test pattern for the
circuit-under-test is developed to facilitate
this test scheme and a fault simulator is under
development to evaluate the fault coverage of
the generated patterns. Currently, benchmark
circuits are test-run to verify the algorithm
and the developed software packages. It is
expected that the scheme offers an approach
which is completely different from the
current sequential circuit testing but powerful
without using an ATE.

5. Delay test methodology for mixed-signal
IP testing:

For this topic, we have proposed a new
fault model and, based on the model, a test
strategy for testing linear analog circuits. The
proposed fault model is called OPA fault
mode, i.e., the fault effects of a linear circuit
are lumped as the offset(O), phase(P), or
amplitude(A), in addition to the delay time,
of the output response of the circuit under the
periodic input. Instead of measuring the
whole waveform of the output response, we
measure the OPA of the output signal as
signatures of the CUT under the applied
input periodic signal. This saves much testing
time for analog circuits. A theoretical
foundation for the scheme has been
developed and several benchmark circuit
examples are used to demonstrate the scheme.
The results are compared with those of other
test methods.

6. IDDQ testing to deep submicron VLSI
considering process and device parameter
variations:

For this topic, the IDDQ current of the
deep sub-micron VLSl in Year 2011 is
estimated with a datisticd approach



considering process variations and device
parameter deviations. The estimation is done
with the reference to 1999 edition of
International Technology Roadmap for
Semiconductors. Also, during estimation,
2000 different input vectors are applied and
simulated to find the statistical distribution of
the IDDQ. The estimated results show that
the standard deviation of the IDDQ current is
proportional to the square root of the circuit
size and the IDDQ currents of the defect-free
and defective devices, which are of the gate
count up to 10”; and the defective IDDQ is
till differentiable from the fault-free case
under the condition of random process
variations and input vectors. In addition, we
have invented two new IDDQ testing
schemes, which instead detect the magnitude
of IDDQ of a single circuit, detect the
difference of IDDQ'’s of two different circuits.
This makes the IDDQ testing more effective
in detecting faults.

The results of this study has been
written into a paper and presented in
ATS2000 [5]

(4) SOC silicon diagnostics and yield
improvement:
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