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At Texas Instruments, we know that we only succeed when we help you succeed. That's why we
provide High-Performance Analog >> Your Way. Now more than ever, Tl gives you high-performance
analog products, application knowledge and technical support to help you win in the marketplace.

Advanced that meet the performance requirements of your design >>
From amplifiers and data converters to power and interface, Tl has high-performance
analog ICs for your needs.

Application knowledge to make your design process easier >>
Because Tl develops analog and digital ICs across the board and for a wide range of applications,
we have knowledge of complete systems and can assist you in the overall design process.

Local analog technical support for your design >>
TI’s worldwide analog support infrastructure includes the most extensive network
- of analog application engineers, providing support locally where you need it.

www.ti.com/analog-i
email: tiasia@ti.com
Hot Line: +91-80-41381665
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EDA | System-level Design

Testing complex systems on chip

By Thryambak Chandilya
Senior Application Engineer
Mentor Graphics Corp.

As System-on-Chip (SoC) de-
vices become more popular,
their increasing complexity has
posed new challenges in the
way engineers test these designs.
Nowadays a typical SoC could
have random logic, special cores,
large and small memories inter-
leaved throughout the design,
intellectual property (IP) and
programmable logic, and every
functional component in the
device may require its own test
strategy.

As we move to smaller ge-
ometries, designers have seen
an increased need for incorpo-

rating advanced fault models
while generating structural test
patterns. These fault models
are particularly significant in
lowering defects-per-million
(DPM) levels at processes below
130nm. Some of the test strate-
gies involve using Automatic
Test Pattern Generation (ATPG)
to testlogic and small memories,
memory Built-in-Self-Test (BIST)
to test larger memories that may
or may not be repairable, bound-
ary scan to test interconnect on
the board and logic BIST to test
proprietary IP on the chip.

This article focuses on scan
techniques, advanced fault mod-
els and test compression needed
to keep pattern volume and test
costs minimal.

Advanced test models

The growing importance of test
quality has necessitated the
use of advanced fault models
in recent times. In addition to
traditional stuck-at test, there is
also a need to test the chips at
functional speed (transition and
path delay patterns) and look for
bridging faults which become
more prominent with shrinking
geometries.

The leading ATPG tools can
generate test patterns for a va-
riety of advanced fault models.
They also have the ability to use
the phase-locked loops (PLLS)
internal to the chip to provide
launch and capture sequences
needed for testing the device
at-speed. This is useful in cases

where the tester clock cannot run
at the high frequencies needed
to test the device or if the I/O
pads cannot transmit signals at
these speeds.

There are two types of pat-
terns that traditionally check for
at-speed defects: Transition pat-
terns test each and every node
of the device for slow-to-rise and
slow-to-fall defects. Path delay
patterns test an entire path to
make sure that it can operate at
the functional frequency.

Masking false paths

During the design and veri ca-

tion process, most designers

utilise static timing analysis (STA)

to check the functional timing
continued on page 7P

System level tools enable complex design

< continued from page 1

1. A consistent/unified design
ow that can provide a seam-

less path from initial system
specification to algorithm
exploration/design to final
implementation. It musto er;
+ Ease of use, especially for
algorithm engineers who
may not be comfortable

with complex EDA tools.

« A natural mechanism

to share information
between the algorithm
design and implementa-

tion teams so that design
speci cations are consis-

tent at every stage.

+ Reusable components
that can be easily plugged

in at the algorithm explo-
ration phase as well as
in the implementation
phase to reduce develop-
ment cycle time.

2. A robust veri cation system
that covers the full spec-
trum from system perfor-
mance evaluation to nal RTL
validation.

Verification of wireless
systems poses a unigue chal-
lenge because of the follow-
ing reasons:

+ RTL veri cation has to be
performed against a set of
algorithms usually provid-
ed by algorithm designers
as oating/ xed point C
models, which may not
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L ]
N (]
]
L ]
L '
L ]
n
~Baseband| .
' .
L ]
L (]
]
L ]
L '

S e — Data conversion
i Receiver i E ADC
E E Freqaenjcy —-45 heeodene -
i synthfsuzer Eiﬁi R
g Transmitter : E DAC

Figure 1. A PHY consists of a digital base band algorithms reside and the
RF analogue front end that contains the transmitter, receiver and signal

processing components.
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be cycle/delay/control
accurate with respect to
the RTL.

+ Co-veri cation with refer-
ence models can verify
the data path, but the
control path/scheduling
behaviour is difficult to
verify. Itisimportant to en-
vision all possible corner
cases in the control path
behaviour and ensure
they can be successfully
veri ed in the context of
the entire system.

Presented below is a meth-
odology developed at Synopsys,
which ensures low risk while
achieving rst-time silicon suc-
cess. This methodology has been
successfully applied in develop-
ing a base-band sub-system for
various wireless systems such
as GSM, W-CDMA, DAB, MBOA-
UWB and proprietary systems
for satellite and terrestrial com-
munication applications. We
have chosen the Ultra Wide Band
(UWB) system compliant to the
WiMedia standard as the case
study, which has been taken
through the Synopsys tools and

ow methodology.

Multi-band OFDM
background

The application for the WiMedia
compliant UWB system is short-
range high-speed wireless com-
munications (Ref [1]). It can share
a frequency band with existing
narrow band systems, such
as IEEE 802.11 and Bluetooth.
The Multi Band Orthogonal
Frequency Division Multiplexing
(OFDM) based WiMedia system
transmits orthogonal frequency
modulated symbols using dif-
ferent carrier frequencies from
symbol to symbol. The multi-
band OFDM (MB-OFDM) system
is robust in a multi-path envi-
ronment due to the structure
of the OFDM symbol that allows
a small time interval between
successive symbols, called the
guard interval (Ref [2]).

The operating frequency plan
covers different band-groups
ranging from 3.1GHz t010.6GHz.
It supports data rates from
53.3Mbps to 480Mbps.

The performance require-
ments of a WiMedia PHY include
delivering data from a rate of
53.3Mbps at a distance of about
15m to a rate of 480Mbps at a

continued on page 6»
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Testing complex systems on chip

< continued from page 4
of the design before it gets to
the layout phase and manufac-
turing. STA checks for timing
problems in the device and
as part of the STA process, the
designer speci es the design’s
timing constraints and timing
exceptions. Timing exceptions
are paths that are not intended
to operate at the single-cycle
clock rate. These paths are called
as false and multi-cycle paths.
The designer can specify these
exceptions so that synthesis and
layout tools can relax the timing
constraints for such paths.
While testing devices at-
speed, there is a need to handle
these timing exception paths.
If test patterns are generated
without excluding these paths,
devices would fail on the tester
for non-functional paths. This
would lead to false-failures and
unnecessary yield loss. Masking
out these false and multi-cycle
paths effectively would mean
that these devices would not
have false-failures on the tester.
The gure above shows afalse
path that starts at cell ULl and

Test Case A B C D E
Gate Count 1.5M 3. ™M 3.5M 3.8M 2.8M
#Timing Exceptions 41K 1.3K 1.8K 1.3K 10.1K
Testcoverage =~ | noy_ Old | +4.02% | +1.06% | +2.94% | +16.59% | +5.13%
improvement [%]

Old 12.6 20.5 13.5 17.1 30.0
Patterns [K]

New 124 204 123 16.9 30.0

Old 0.34% |3.66% |1.25% |32.06% |3.02%
Xs per pattern

New 0.08% |1.68% |[0.29% |0.58% 0.93%
Old method: cell constraint based masking
New method: analysis based on path sensitization

Figure 2: A comparison between the traditional and the path sensitisation approach to cell masking reveals the lat-

ter signi cantly improves test coverage.

ends in cell US. If the cell U5 is
masked for the entire pattern set,
paths U2aU5 and U3au5 will also
be untested even though these
are valid paths.

Traditional techniques have
involved masking out the desti-
nation cell (U5) for the entire test
pattern set. As shown above, this
could dramatically lower the test

CK

‘ —untested

Improving At-Speed Test
Dealing with False Paths

False Path

Read
SDC

m

Auto identify false path:
From U1/Q To US/D

Through G3/A

Figure 1. If the cell U5 is masked for the entire pattern set, valid paths
U2auU5 and U3aU5 will remain untested.
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coverage as some valid paths
would now become un-testable.
Designs can have hundreds or
thousands of false paths, which
could result in a signi cant por-
tion of logic being untested if
they are handled in this manner.
To eliminate this problem, test
tools, such as those from Mentor
Graphics, can read in the SDC

le, which contains information
on false and multi-cycle paths.
Such tools track paths during
pattern generation. Only if a
pattern sensitises a false path
and propagates a transition fault
throughiit, is the destination cell
masked out as an unknown for
that pattern. Therefore, using
di erent patterns, it is possible
to test other valid paths that
may also be feeding the same
destination cell. This leads to
an increase in test coverage
and reduction in the number of
unknown values (X's) in the de-
sign. X'stend to a ect both test
coverage and compression, so
having the least number of X'sin
the design is desirable. The result
is the highest possible at-speed
test coverage.

The figure below shows a
comparison between the tradi-
tional method of cell masking
and the improved approach on
a variety of industry designs. As

seen from the results, using the
path sensitisation approach to
mask the destination cells im-
proves test coverage signi cantly.
At the same time, the number of
X's is also substantially reduced.
The lower number of X's also al-
lows for better test compression
results.

In recent times, for designs
90nm and lower, the bridg-
ing faults model has gained
prominence and engineers are
generating targeted patterns that
would catch bridging defects on
silicon. Even though standard
stuck-at patterns can potentially
detect bridges, there may still be
test escapes.

Maintaining test quality and
test cost at acceptable levels has
been a challenge as designs get
larger and companies use new
fabrication processes. The full
article discusses generation of
bridging patterns to expand fault
coverage and test compression
to reduce the cost of testing a
chip.

Read full story
Online Inquire | Forward

Scaling JTAG to evolving embedded
needs

Uni ed methodology enables
full-chip test

DFT, DFM tests assure quality SoC design
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