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Abstract:

The generation of significant power droop (PD) during at-speed test performed by Logic Built-In Self-Test
(LBIST) is a serious concern for modern ICs. In fact, the PD originated during test may delay signal transitions
of the circuit under test (CUT): an effect that may be erroneously recognized as delay faults, with consequent
erroneous generation of test fails and increase in yield loss. In this paper, we propose a novel scalable approach
to reduce the PD during at-speed test of sequential circuits with scan-based LBIST using the launch-on capture
scheme. This is achieved by reducing the activity factor of the CUT, by proper modification of the test vectors
generated by the LBIST of sequential ICs. Our scalable solution allows us to reduce PD to a value similar to
that occurring during the CUT in field operation, without increasing the number of test vectors required to
achieve target fault coverage (FC). We present a hardware implementation of our approach that requires
limited area overhead. Finally, we show that, compared with recent alternative solutions providing a similar
PD reduction, our approach enables a significant reduction of the number of test vectors (by more than 50%),
thus the test time, to achieve a target FC. The proposed architecture of this paper analysis the logic size, area

and power consumption using Xilinx 14.5.
Index Terms— Logic BIST (LBIST), microprocessor, power droop (PD), test.

1. INTRODUCTION

With current advances in very large scale integrated technology, the sensitivity of today’s
chips to deep sub micrometer effects is increasing. Along with technology scaling, the increase in the
operating frequency and the increase in the functional density of today’s digital designs has led to new
challenges for designers and test engineers. Furthermore, dynamic power consumption and IR-drop due to
excessive switching activity are critical challenges. As a result, power reduction techniques have been
extensively studied by both industry and academia with respect to both design and test. Scan-based test

remains one of the most widely accepted design-for-test techniques because it significantly improves the
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controllability and the observability of the circuit’s internal nodes with an insignificant area and performance
overhead. Switching activity during scan-based test is often much higher than that during normal operation.
There are multiple reasons for this phenomenon. First, the test vectors applied consecutively are not correlated.
Second, nonfunctional states may be traversed during scan-test. Furthermore, test compaction and testing
multiple cores simultaneously contribute toward high-switching activity. In addition, as patterns are shifted
into and out of the scan chains, multiple changes of the flip-flop values can propagate into the combinational

logic and cause massive amounts of switching.

Scan-based tests might cause excessive circuit switching activity compared to a circuit’s normal operation.
Higher switching activity causes higher peak supply currents and higher power dissipation. High power
dissipation during test can cause many problems, which are generally addressed in terms of average power
and peak power. Average power is the total distribution of power over a time period, and is calculated using

the ratio of consumed

Energy to test time .Peak power is the highest power value at any given instant. When peak power is beyond
the design limit, a chip cannot be guaranteed to function properly due to additional gate delays caused by the
supply voltage drop. The power consumption within one clock cycle may not be large enough to elevate the
temperature over the chip’s thermal capacity limit. To damage the chip, high power consumption must last
for an enough number of clock cycles. The test power consumed during scan shifting and capture cycles is
referred to as shift power and capture power, respectively. A typical scan chain in industrial designs consists
of at least hundreds of scan cells, whereas the capture window only lasts one or a few clock cycles. Clearly,
the average power consumption is determined by the shift power. Excessive shift power accumulation may
make a good chip fail during test even if the peak capture power is low. Inserting no operation cycles between
the end of scan shifting and the beginning of capture cycles can reduce the chance of rejecting good chips

during test.

Existing System:

At-speed test of logic blocks is nowadays frequently performed using Logic BIST (LBIST), which can take
the form of either combinational LBIST or scan-based LBIST, depending on whether the CUT is a
combinational circuit or a sequential one with scan. In case of scan-based LBIST, two basic capture-clocking
scheme sexist: 1) the launch-on-shift (LOS) scheme and2) the launch-on-capture (LOC) scheme. In LOS
schemes, test vectors are applied to the CUT at the last clock (CK)of the shift phase, and the CUT response
is sampled on this can chains at the following capture CK. In the LOC scheme, instead, test vectors are first
loaded into the scan chains during the shift phase; then, in a following capture phase, they are first applied to

the CUT at a launch CK, and the CUT response is captured on the scan chains in a following capture CK.In
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this paper, we consider the case of sequential CUTs with scan-based LBIST adopting an LOC scheme, which
is frequently adopted for high-performance microprocessors. They suffer from the PD problems discussed
above, especially during the capture phase, due to the high AF of the CUT induced by the applied test patterns.
We consider the conventional scan-based LBIST (Conv LBIST) architecture shown in Fig. 1.

Testate flip-flops (FFs) of the CUT are scan FFs, arranged into many scan chains (s scan chains in Fig. 1).The
pseudorandom pattern generator is implemented by an LFSR. The PS, which reduces the correlation among
the test vectors applied to adjacent scan-chains, is composed of an XOR network expanding the number of
outputs of the LFSR to match the number of scan chains. The PS gives to its output the current LFSR output
configuration, together with future/past configurations at each shift CK.

CcuUT

o
o Comb Logic 1 %
a
g = ers Pass/Fail
= 1l & Scan chain 2 g t | & - | e /
o - o s E [ —
| EBA E = I
]
+ = Comb Logic 2 2 - -

+»{ Scan chain s _}—
.
;COmb Logic sl
BIST
troller

Figure 1: Schematic of the considered scan-based LBIST architecture.
The Space Compactor compacts the outputs of these scan chains to match the number of inputs
Of the Multiple-Input Signature Register (MISR). The MISR, the test response analyzer, and the
BIST Controller are the same as in combinational scan-based LBIST.

As for the scan FFs, our approach requires that, during shift phases, they maintain the last test Vector applied
to the CUT at their outputs. This is guaranteed by the scan-FF, which is frequently Employed in
microprocessors, and considered here as a significant example. However, this can also be achieved with other
different scan FFs. The internal structure of this FF is shown in Fig. 2. It consists of two sub blocks, namely,
the scan portion and the system portion, each consisting of a master-slave FF composed of two latches
(Latches LA and LB for the scan portion, and latches PH2 and PH1 for the system portion). The latches have
two clocks, and sample one out of two input data lines, depending on which clock is active.
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Figure 2: Consldered scan FF and signals® timing

The clocking scheme adopted to implement an LOC strategy is also reported in Fig. 2. It consists of a shift
phase [scan enable (SE=1)] and a capture phase (SE=0). During the shift phase, a new Test vector is loaded
in the scan chains after n shift CKs, where n is the number of scan FFs of the longest scan chain. At each shift

CK, a new bit of the test vector present at the scanning of latch LA is shifted to the scan out of latch LB.
Disadvantages:

> Performance is low

Proposed System:

We propose a novel, scalable approach to reduce PD during capture phases of scan-based LBIST, thus
reducing the probability to generate false test fails during test.Similar to the solutions, and our approach
reduces the AF of the CUT compared with conventional scan-based LBIST, by properly modifying the test
vectors generated by the Linear Feedback Shift Register (LFSR). Our approach is somehow similar to
reseeding techniques, to the extent that the sequence of test vectors is properly modified in order to fulfill a
given requirement that, however, is not to increase FC (as it is usually the case for reseeding),but to reduce
PD.

Proposed scalable approach:

As we introduced in Section I, the goal of our approach is to reduce the PD that may generate false test fails
during at speed test with scan-based LBIST. Such a PD occurs after the application of a new test vector to the
CUT. This occurs at the launch CK (Update pulse in Fig. 2) within capture phases. The generated PD is
proportional to the CUT AF induced by the application of a new test vector, which in turn depends on the AF
of the scan FFs’ outputs. For the considered scan FFs (Fig. 2), such an AF depends on the number of FFs’
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outputs switching when the new test vector is applied. Therefore, the target of our approach is to reduce the

number of FFs’ outputs transitions occurring after the application of new test vector to the CUT.

Approach with 1 Substitute Test Vector:

For each scan chain m (m=1...s), one ST vector ST mire places the original test vector Tomato be applied to
the CUT atheist capture phase according to Conv-LBIST (Fig. 3). It will be shown that this enables a 50% AF
reduction compared with Conv-LBIST.In our approach, the ST vector STmito be charged in the Scan-Chain
(SC)m and applied to the CUT at theith capture phase is constructed based on the structure of test
vectorsTmi—landTmi+1to be applied at the (i—1)th and (i+1)th capture phases. Assuming the presence of a
generic PS, our solution exploits the fact that, During the shift phase preceding theith capture phase, test
vectorsTmi—landTmi+1are given at Proper outputs of the PS. should some test vectors not be produced at the

PS outputs, the PS could be easily modified to generate them.
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Figure 3: Schematic of (a) sequence of test vectors filling each scan chalnm.(b) bits In the ST vector STml and In the test
vectors applied/to be applied at the previous/following capture phase
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TABLE 1
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Fig. 3.Schematic of a possible implementation of our approach with N ST vectors.

Applications: 1) Built-In Self-Test 2) Testing.

Advantages: 1) High speed 2) Area and delay reduced.

VLSI AND SYSTEMS

These advantages of integrated circuits translate into advantages at the system level:
Smaller physical size: Smallness is often an advantage in itself—consider portable televisions or handheld
cellular telephones.
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Lower power consumption: Replacing a handful of standard parts with a single chip reduces total power
consumption. Reducing power consumption has a ripple effect on the rest of the system: a smaller, cheaper
power supply can be used; since less power consumption means less heat, a fan may no longer be necessary;
a simpler cabinet with less shielding for electromagnetic shielding may be feasible, too.

Reduced cost: Reducing the number of components, the power supply requirements, cabinet costs, and so
on, will inevitably reduce system cost. The ripple effect of integration is such that the cost of a system built
from custom ICs can be less, even though the individual ICs cost more than the standard parts they replace.
Understanding why integrated circuit technology has such profound influence on the design of digital systems

requires understanding both the technology of IC manufacturing and the economics of ICs and digital systems.

Experimental Results:

Internal block diagram
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CONCLUSION

We have presented a novel approach to reduce PD during at- speed test of sequential circuits with
scan-based LBIST using the LOC scheme. The proposed solution enables designers to reduce the probability
that the delay induced by PD exhibited during at-speed test is erroneously interpreted as a delay fault, with
consequent generation of a false test fail. This is achieved by reducing the AF of the CUT compared with
conventional scan-based LBIST, by proper modification of the test vectors generated by the LFSR. We have
shown that, compared with conventional scan- based LBIST, our approach allows us to achieve a
scalable PD reduction (ranging from 50% to 89%), with no drawback on the required number of test
vectors to achieve a target FC and with limited costs in terms of AO (ranging from 1.5% to 14%).
We have also shown that, compared with the solutions in [9] and [21], our solution allows us to
reduce significantly (more than 50%) the number of test vectors (thus TT) to achieve the same target FC.
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