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Abstract— Structural transformation of a design to enhance
its testability while satisfying design constraints on power and
performance, can result in improved test cost and test confidence.
In this paper, we analyze the testability in a new style of logic
design based on Shannon’s decomposition and supply gating. We
observe that tree structure of a logic circuit due to Shannon’s
decomposition makes it intrinsically more testable than conven-
tionally synthesized circuit, while at the same time entailing an
improvement in active power. We have analyzed three different
aspects of testability of a circuit: a) IDDQ test sensitivity b)
test power during scan-based testing, and c) test length (for both
ATPG-generated deterministic and random patterns). Simulation
results on a set of MCNC benchmarks show promising results on
all the above aspects. We have also demonstrated that the new
logic structure can improve parametric yield of a circuit under
process variations when considering a bound on circuit leakage.

I. INTRODUCTION

Aggressive scaling in transistor geometries to meet the
increasing demand on performance and device integration
density has posed several challenges to the test profession-
als. Higher integration density directly corresponds to higher
failure probability of a chip. For example, increasing number
of metal layers increases the probability of missing vias while
shrinking geometry increases the chances of bridging fault.
It also aggravates the signal integrity problem. Parametric
fluctuations cause defects, which do not always manifest
themselves as functional failures. Instead, they cause para-
metric changes such as high leakage or device performance
degradation. Moreover, new failure mechanisms have emerged
in logic as well as memory units due to parameter variations
in nano-scaled circuits. Therefore, to enable efficient testing
of nano-scaled devices and to improve yield, new approaches
are required for test methodologies and design-for-testability
(DFT) [1].

Quiescent current (IDDQ) testing has long been used to
detect bridging faults in a circuit. However, relentless device
scaling has significantly increased the subthreshold and gate
tunneling leakage (due to transistor threshold voltage scaling,
Drain Induced Barrier Lowering, and scaling of gate oxide) to
such a level that it has become difficult to distinguish between
the fault-free and faulty currents. On the other hand, process
variations associated with scaled technologies have caused
significant spread in leakage current of a circuit. This further
makes it difficult to identify faulty chips from the good but
leaky chips lying at the fast process corner [2].

Test power has also emerged as an important design concern
to increase battery lifetime in hand-held electronic devices,

which incorporate BIST circuitry for periodic self-test. It is
also important to improve test cost, since reduced test power
of a module allows parallel testing of multiple embedded
cores in an IC [3]. Peak and average power reduction during
test contribute to enhanced reliability and improved yield [4].
There has been extensive research to reduce power in test
mode for both ATE and BIST architectures. However, existing
test power reduction techniques either incorporate considerable
DFT overhead or modify the test application procedure [3] [4]
[5] [6].

Another issue related to testing of nanometer circuits is test
coverage. Increased defect density and new failure mecha-
nisms have made it imperative to attain high fault coverage
for better test confidence [7] [8]. That probably translates to
longer tester time causing drastic increase in test cost. Hence,
to reduce the test cost, there is a need for efficient DFT
techniques to reduce tester time. We believe that an integrated
DFT solution is required that can reduce the test time and test
power, while maintaining the test coverage and to alleviate
the effects of process parameter variations. In this paper,
we have demonstrated that a new circuit synthesis style can
improve the testability of a circuit significantly while achieving
low active power dissipation [9]. The testability metrics used
in our study are a) IDDQ sensitivity, b) test power, and
c) test length/test coverage. The synthesis process, based
on Shannon’s expansion of a Boolean function, essentially
decomposes a circuit into a set of disjoint logic blocks with
only one active block for a given stimulus. We demonstrate
that the particular structure of a circuit synthesized in this
way can result in considerably higher testability compared
to its conventionally synthesized counterpart. Experiments
performed on a set of MCNC benchmarks in BPTM 70nm
technology node shows average improvements of 94.47% in
IDDQ sensitivity, 50.5% in test power and 19.7% (21.14%) in
test length for deterministic (random) patterns. We also show
that it improves the parametric yield of the circuit for a given
leakage bound.

The remainder of the paper is organized as follows. In sec-
tion II, we provide an overview of Shannon expansion Based
supply-gating Synthesis (SBS) approach. In section III, we
present the application of SBS in improving IDDQ sensitivity
in scaled technologies. Section IV describes the improvement
in test power while section V presents the improvement in test
length for SBS circuits. We conclude the paper in section VI.
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Fig. 1. Final circuit after Shannon’s expansion (one level): (a) basic idea,
(b) after supply gating.

II. BACKGROUND ON SHANNON-BASED SYNTHESIS

A. Shannon expansion
Shannon expansion has been used in logic synthesis for

logic simplification and optimization [10]. It partitions any
Boolean expression into disjoint sub-expressions as shown
below:

f(x1, .., xi, .., xn)=xi.f(x1, .., xi = 1, .., xn)+
x̄i.f(x1, .., xi = 0, .., xn)

= xi.CF1 + x̄i.CF2

where CF1 = f(x1, .., xi = 1, .., xn),
CF2 = f(x1, .., xi = 0, .., xn)

where, xi is called the control variable, and CF1 and CF2

are called cofactors. From the above expression, it is clear
that depending on the state of the control variable (xi), the
computed output of only one of the cofactors (CF1 or CF2)
is required at any given instant. The output of CF1 and CF2

are combined using a multiplexer (MUX), which is controlled
by xi. If the Boolean expression f contains subexpressions
independent of control variable xi, then we may also have
a Shared Cofactor (sCF ). Shared cofactor performs active
computation irrespective of the state of the control variable.
The output of the MUX (which directs the output of the
active cofactor) must be OR-ed (for a sum-of-product logic
representation) with the output of the sCF to derive the final
output. The overall circuit after Shannon expansion is shown
in Fig. 1(a).

B. Dynamic Supply Gating (DSG) scheme using Shannon-
based synthesis

The expression in previous subsection implies that only
one cofactor performs active computation while the other
cofactor does redundant computations and leaks at any given
time instant. This provides an opportunity for gating the
supply of the idle cofactors to reduce power due to redundant
computations and leakage current. Shannon’s theorem can be
utilized to identify the active/idle sections of a circuit for
dynamic supply gating (DSG). The proposed DSG scheme
using Shannon’s expansion is illustrated in Fig. 1(b) for one
level of expansion. The supply gating transistors of CF1 and
CF2 are controlled by xi and x̄i, respectively, where xi is the
control variable. This procedure can be extended hierarchically
for multiple levels of expansion.

C. Selection of control variable
The methodology to select the control variable is detailed in

[9] and is mentioned here briefly for the sake of clarity. The
choice of the control variable is guided by the objective of
minimizing total power in active mode. Therefore, a control
variable is selected to maximize the logic in gated cofactors.
Thus, it also minimizes the shared logic, which performs active
computation all the time and cannot be supply-gated [9].

The control variable selection method can be easily ex-
tended to multi-output circuits by choosing a common control
variable for all outputs at each level of expansion. For a
multiple output circuit, all the minterms from every output
expression are initially combined together to determine the
control variable. A complete example of control variable
selection and Shannon expansion for multi-output circuit is
provided in [9]. As we will see in the next section, this kind
of control variable selection may lead to unbalanced cofactor
sizes and may not be preferable in terms of intrinsic leakage
and hence, IDDQ sensitivity. A modified control variable
selection method will be presented in section III to balance
the cofactor sizes.

An example of Shannon based circuit synthesis and DSG
for two-level expansion is illustrated in Fig. 2. After one-level
expansion with respect to control variable xi the cofactors are
CF1, CF2 and sCF (as shown by dotted rectangle). Second
level expansion of CF1 with respect to variable xj results
in cofactors CF11 , CF21 and sCF11. The cofactors CF11

(CF21) is gated with variables xi and xj (xi and x̄j) whereas
sCF11 is gated only by xi. The corresponding MUX and OR
logic are also gated with xi to save active power. Similarly,
CF2 is expanded with respect to variable xk resulting in
cofactors CF12 , CF22 and sCF12. Again, cofactors CF12

(CF22) is gated with variables x̄i and xk (x̄i and x̄k) whereas
sCF12 is gated by x̄i. The corresponding MUX and OR logic
are gated with x̄i. Finally, sCF is expanded with respect to xl

producing cofactors CF13, CF23 and sCF13. Note that CF13

and CF23 are gated by xl whereas sCF13 remains un-gated.

III. IMPROVEMENT IN IDDQ SENSITIVITY

It is a well-known fact that ideal CMOS circuits do not
draw any current from supply lines in the quiescent state.
However, in practice, a small amount of leakage current flows
from supply even in quiescent state. The leakage current is
basically due to drain induced barrier lowering (DIBL), gate
induced drain leakage (GIDL), gate oxide tunneling (due to
thinner oxide), reverse bias PN current, junction leakage etc.
A faulty circuit, on the other hand, can have a very large
amount of quiescent current if it has a resistive short that
creates a bridge between the power rails. Thus, IDDQ test
essentially involves measuring the quiescent current to isolate
the faulty chips from good chips for bridging defects. The
simplicity of this method can be attributed to the following two
factors: (a) supply current can be measured easily by probing
the supply line and, (b) test process requires only to excite the
fault unlike stuck-at case, where faults also need to propagate
to the output. However, new technologies are posing serious
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Fig. 2. Block diagram of a circuit after two level Shannon’s expansion.

challenges to this simple but yet powerful method of testing.
The reason is again aggressive scaling of transistor geometries
that is aggravating the leakage components. Therefore, it is
becoming hard to distinguish between faulty and fault-free
currents. There are basically two methods to cope with this
problem: (a) reduce the background leakage current so that
the faulty IDDQ is distinguishable and, (b) use data analysis
method to separate faulty IDDQ from fault-free IDDQ [2].
Several methods have been proposed in the past to reduce
leakage current. Leakage reduction by stacking, reverse body
bias, dual/multi threshold, dual supply etc. fall under this
category. Data analysis methods to isolate the faulty IDDQ,
e.g. ∆IDDQ, current ratio, current signatures, eigen signatures
etc., fall under the second category.

In this section, we analyze a Shannon-based synthesis
technique that can reduce the leakage current, thus enhancing
the sensitivity of IDDQ test. We demonstrate that application
of supply gating to the cofactors, which are not functionally
contributing to the outputs, reduces the active as well as the
intrinsic leakage. In section III-B, we propose a modification
in control vector selection process that helps in maximizing the
improvement in intrinsic leakage. The proposed technique can
be combined with other leakage current reduction techniques
as well as data analysis techniques to further improve the
effectiveness of IDDQ testing for scaled technologies.

A. IDDQ sensitivity analysis for SBS
IDDQ test is mainly based on the principle that faulty

IDDQ is different (and large) compared to fault-free IDDQ.
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Fig. 3. Size of cofactors that can be obtained after Shannon’s expansion: (a)
unbalanced, (b) balanced.

Therefore, to measure the effectiveness of our technique, we
define IDDQ sensitivity as:

S = (If − Ig)/Ig (1)

where, If (Ig) is the faulty (golden or fault-free) IDDQ
current.

From the above equation, it is obvious that sensitivity can
be improved by reducing the background leakage current.
The leakage of the proposed SBS method can be reduced
significantly by exploiting the fact that given a test stimuli,
only one cofactor can do useful computation. Therefore, it is
wise to turn off the idle but leaking cofactors. In the proposed
technique, this is achieved by supply gating the idle cofactors
by using the control variable as gating signal. The simplicity
of this method is two-fold (a) there is no need to find the
set of logic, which can be gated. This set is automatically
available to us in terms of cofactors and, (b) we need not worry
about the floating outputs of idle (and gated) cofactors even
in active mode because they cannot propagate to the output.
Note that, techniques have been proposed in past to reduce
leakage current of a circuit in standby mode by using supply
gating. However, in SBS, it is possible to use supply gating
in standby as well as active mode. While leakage reduction in
active mode contributes to improve the active power, reduction
in stand-by leakage results in improving the IDDQ testability
of a circuit. The performance of SBS in terms of area and
delay has been analyzed in [9] and it has been shown that
significant improvement in active power can be obtained with
little impact on area/delay.

B. Enhancement in IDDQ sensitivity by cofactor balancing
The control variable selection method presented in Section

II may lead to balanced or unbalanced sizes of cofactors.
For total power reduction in active mode, the relative sizes
of cofactors are not important. For example, consider a
situation where the Shannon expansion results in balanced
and unbalanced cofactors for the same circuit as shown in
Fig. 3 (assuming same sizes of shared logic in both cases).
Considering 50% probability of input switching and the same
number of total logic gates (for CF1 and CF2), the total
active power will remain constant. However, at quiescent
state, depending on the input vector, the larger cofactor in
unbalanced circuit may remain activated thereby increasing
the IDDQ current significantly. The balanced circuit, on the
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other hand, will exhibit similar amount of static current for
any test vector.

Therefore it is important to balance the cofactors for better
IDDQ sensitivity. In the following paragraph, we define a
new metric to select the control variable to ensure balancing
between cofactors. If a (b) is the number of literals associated
with xi (x̄i), then a greedy approach will be to choose a control
variable, which maximizes Mi, where Mi is given by

Mi = (a + b)/(|a − b|) ∀a! = b
= (a + b) for a = b

The balancing of cofactors is imposed by the term |a − b|.
From the above expression, it is clear that the probability of
selection of a control variable increases if |a − b| is small.
Therefore, the selected control variable has tendency to result
in balanced cofactors after expansion.

C. Experimental setup and results
To verify the effectiveness of the proposed approach, exper-

iments are performed on a set of MCNC benchmark circuits.
We use SIS [12] as a general logic optimizer in our synthesis
flow. The original (ORG) and Shannon-expanded(SBS) cir-
cuits have been modeled in Hspice using BPTM [13] 70nm
technology node. To obtain the SBS circuit for all experimental
results presented in this paper, the guidelines followed are: (a)
cofactors are balanced; (b) shared logic size is small compared
to other gated cofactors. If this is not true then one more level
of expansion is performed and, (c) overall area (delay) penalty
(due to addition of gating transistors, MUX and OR logic) of
SBS circuit is kept within 5% (2%) limit.

To compare the IDDQ sensitivities of ORG and SBS
circuits, we randomly choose a gate (of the same type,
e.g. NAND, NOR or INV) in both circuits and generate a
corresponding test pattern to excite a bridging fault (with
Rbridge = 10Ω) at its output using Tetramax [14] ATPG
tool. The test pattern so obtained, is applied to both the
reference (golden) as well as the faulty ORG and SBS circuits
and the corresponding supply currents Ig(ORG), Ig(SBS),
If (ORG) and If (SBS) are measured. The above procedure
is performed for 10 randomly chosen gate outputs and the
corresponding faulty and golden IDDQ currents are measured.
The average IDDQ currents for ORG and SBS are shown in
Table I.

It can be observed from Table I that a maximum improve-
ment of 271.7% has been obtained for benchmark cm150a.
This is mainly because of drastic reduction in leakage current
due to supply gating of idle cofactors. For benchmarks decod
and x2 the improvements are relatively smaller due to presence
of comparable size of sharing block and the extra un-gated
logic (MUX, OR) at the last level for combining the outputs
of the cofactors. The large shared block results because these
benchmarks have multiple outputs and the selected control
variable cannot cover many minterms present in the expres-
sions of these outputs. For all other benchmarks, the improve-
ments are quite high leading to an average improvement of
94.4% in IDDQ sensitivity.

D. Sensitivity under reverse body bias
As mentioned in the beginning of this section, Reverse Body

Bias (RBB) can be used for reducing the leakage current.
However, with technology scaling, RBB plays diminishing role
in reducing the leakage. For example, in 0.35um technology, it
was possible reduce the leakage by three orders of magnitude
by body bias. However, in 0.13um technology node, RBB can
reduce leakage only by a factor of 2-3X [11]. The primary
reason behind this is short channel effect (SCE), which is
prominent in scaled technologies. Hence, we expect very less
improvement in leakage by using RBB in 70nm technology
node. In any case, our technique can be combined with body
biasing to gain further improvement in IDDQ sensitivity.

E. IDDQ distribution with process variations
The variation in transistor parameters in scaled technologies

not only causes increased IDDQ but also significant spread in
IDDQ distribution. Therefore, a leakage threshold to identify
the faulty chip from non-faulty chip can result in either yield
loss or test escape. To observe the effect of variation on
IDDQ distribution of ORG and SBS circuit, we performed
10,000 runs of monte-carlo simulations in Hspice for different
process corners. In our study, we assumed an inter-die VT

variation with σ=25% and intra-die variation with σ=10%.
The normalized distributions of log10(IDDQ) for a set of
benchmarks for a single test pattern are shown in Fig. 4. The
X-axis corresponds to the the log10(IDDQ) and the Y-axis
corresponds to the number of chips normalized with respect
to the maximum number of chips for any leakage value (in
either ORG or SBS). The IDDQ distribution for SBS circuit
is shown in bold. It can be observed that the IDDQ spread for
SBS is significantly less than that of ORG circuit. Specifically,
chips with higher IDDQ have been pushed towards the lower
values of IDDQ.

The proposed SBS technique can also improve the paramet-
ric yield due to leakage variability. Since there is an inverse
correlation between leakage and circuit speed, the chips from
fast speed bin usually produce unacceptable leakage [15].
Therefore, such chips must be discarded. Since the SBS can
reduce the maximum IDDQ significantly even in fast process
corner, it is possible to salvage previously failing chips. For
example, let us assume that all chips having IDDQ more than
µ + σ boundary were earlier discarded. For benchmark count
this amounts to a yield loss of 7.1%. However, after application
of SBS, the yield loss is only 0.14% resulting in about 7% of
improvement in parametric yield. The leakage threshold of
other benchmarks computed in this way are shown in Fig. 4.
Benchmarks cm150a, mux and pcle show an improvement of
2.9%, 6.4% and 8.75%, respectively.

IV. IMPROVEMENT IN TEST POWER

Power dissipation during test mode can be significantly
higher than functional mode power. This is because the input
vectors during functional mode are usually strongly correlated
compared to statistically independent consecutive input vectors
during testing. Reduction in test power is important to improve

Proceedings of the 14th Asian Test Symposium (ATS ’05) 
1081-7735/05 $20.00 © 2005 IEEE 



TABLE I

IMPROVEMENT IN IDDQ SENSITIVITY (CURRENTS ARE IN µA)

Ckt Ig(ORG) If (ORG) S(ORG) Ig(SBS) If (SBS) S(SBS) %imp
cht 34.05 359.3 9.55 24.3 371.2 14.27 49.45

cm150a 12.5 360.0 27.8 4.26 350.7 81.32 192.54
mux 13.9 361.2 24.98 3.74 351.1 92.87 271.73
sct 31.3 379.8 11.13 18.8 366.3 18.48 66.01

decod 8.49 355.2 40.83 7.28 354.4 47.68 16.75
alu2 85.51 432.8 4.06 67.1 414.2 5.172 27.36
count 89.2 436.5 3.89 49.1 395.4 7.052 81.14
pcle 38.8 385.9 8.94 17.2 369.9 20.50 129.22
x2 9.71 356.7 35.73 8.37 355.4 41.46 16.02

Avg. 94.47
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Fig. 4. log(IDDQ) distribution for benchmarks: (a) cm150a, (b) pcle, (c) count and, (c) mux.

battery lifetime in portable electronic devices employing peri-
odic self-test, to increase reliability of testing, and to reduce
test cost [6]. In this section, we analyze the test power of
scan-based design with the proposed SBS technique.

A. Sources of test power
There are mainly two components of test power in standard

scan-based design namely, (a) power consumed in sequential
elements i.e. the scan flip-flops and, (b) power consumed
in combinational circuit. The test power can be further de-
composed into switching power and leakage power. In scan-
based testing, around 78% of total test energy is dissipated
in the combinational block alone [5]. Hence, it is important
to address the issue of power dissipation in the combinational
block for low-power test application.

The proposed SBS technique can be very useful in reducing
the both components (switching as well as standby) of test
power in combinational block. This is again due to the
structure of the circuits that inherently limits the switching
in only one cofactor during each cycle of scan shifting (and
gates the other idle cofactors). The proposed SBS method
has significant advantage over other techniques for reducing
power dissipation. For example, ATPG-based method needs
redesigning of test vectors [16], while scan-latch or input
vector reordering techniques can reduce the switchings only at
the outputs of scan registers, not in the combinational block.
On the other hand, techniques proposed by [5] incorporates
additional hardware that increases the area, delay and power
(in normal mode) during test synthesis.

Additionally, note that test power improvement by Shannon
decomposition based synthesis is significantly different from
test power reduction technique proposed in [3] by scan par-
titioning. The advantages of SBS are: (1) it does not require
any change in the scan register and test application procedure;
(2) it can reduce both switching and leakage power; (3) at-

TABLE II

IMPROVEMENT IN TEST POWER (POWER IS IN µW)

Ckt P(ORG) P(SBS) %imp
cht 51.5 27.5 46.60

cm150a 16.1 4.73 70.62
mux 20.07 5.68 71.69
sct 26.42 14.58 44.81

decod 12.22 9.33 23.64
alu2 121.7 65.38 46.27

count 121.1 31.25 74.19
pcle 44.1 11.8 73.24
x2 13.01 12.56 3.45

Avg. 50.50

speed testing can be performed without any problem. Unlike
the technique in [3], SBS scheme cannot reduce power in the
scan flip-flops and clock lines. However, the scan partitioning
technique in [3] can be easily integrated with SBS to further
improve the test power.

B. Results and discussion
To observe the test power of ORG and SBS circuits, we

model them in Hspice with BPTM 70nm technology as men-
tioned in Section III. A set of random patterns are generated
and applied in a manner such that it imitates the shifting of
patterns in scan chain. The simulation is performed in Hspice
and the power results are depicted in Table II. It can be noted
that as much as 74.1% of test power can be saved with the
proposed SBS technique. For most of the benchmarks, except
x2, we observe significant test power saving. The diminished
saving in x2 can again be attributed to the shared logic and
MUXes, which switch all the time and reduces the savings
obtained from gating the cofactors. The average improvement
in test power over all the benchmarks is about 50.5%.

V. IMPROVEMENT IN TEST COVERAGE/TEST LENGTH

In the previous sections, we have considered two important
test metrics, namely IDDQ sensitivity and test power. Another
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TABLE III

IMPROVEMENT IN TEST LENGTH FOR ATPG AND RANDOM TEST PATTERNS

Deterministic patterns Random patterns
Ckt #pat(ORG) #pat(SBS) %imp #pat(ORG) #pat(SBS) %imp
cht 39 24 38.46 160 96 40.00

cm150a 61 45 26.22 800 480 40.00
mux 74 59 20.27 512 320 37.50
sct 81 70 13.58 928 554 40.30

decod 32 32 0.00 96 96 0.00
alu2 196 201 -2.55 640 928 -45.00

count 188 132 29.78 992 554 44.15
pcle 80 47 41.25 960 928 3.33
x2 29 26 10.34 320 224 30.00

Avg. 19.70 21.14

important testability metric is test length/test coverage. On
one hand, the scaled technologies allow us to integrate more
number of transistors in a single chip whereas on the other
hand, it also increases the defect density. Therefore, to obtain
high test coverage (and thus, high test confidence), test length
is increasing, which in turn, translates into longer test time.
The cost of ATE prohibits exhaustive testing of chip thereby
needing innovative techniques to achieve higher coverage with
less time spent on ATE. Even circuits employing BIST for pe-
riodic self-test require high coverages with smaller test time to
save test power. Several design-for-test (DFT) techniques have
been studied in past to improve the test coverage/test length.
For example, test point insertion (TPI) has been proposed to
improve the stuck-at, transition and delay coverages [8] [17].
In this section, we study the effectiveness of the proposed SBS
technique in reducing test length both for ATPG-based as well
as BIST-based testing methods.

A. Results and discussion
We use Tetramax[14] tool to compare the test length of

ORG and SBS circuits. The verilog netlists are fed to Tetramax
and test lengths (deterministic as well as random patterns)
are obtained for 100% target coverages considering stuck-at
faults. The results have been presented in Table III. It can
be observed that a maximum of 41% (44%) improvement in
test length can be attained for deterministic (random) patterns.
The average improvement for deterministic (random) pattern
is 19.7% (21.1%). The reduction in test length is because of
following two reasons: (1) the area of SBS is reduced after
multi-level expansion in some cases leading to less number of
faults and; (2) the increased observability of the internal nodes.
This is because the control variables have been isolated during
expansion and added to the select lines of MUXes near the
primary outputs. It can be noted from Table III that benchmark
alu2 does not show improvement in test length. This is due
to the increased area overhead (and hence, more number of
faults) of alu2 after expansion. For benchmark decod, there
is no improvement because ORG and SBS circuits of decod
have similar structure and have the same number of faults.

VI. CONCLUSIONS

We have analyzed the testability of a circuit synthesized
using the concepts of Shannon’s expansion and supply gating.
We demonstrate that simple modification in the synthesis

process can result in circuits that consume lower power (both
switching and leakage) while being intrinsically more testable
than designs produced by standard logic synthesis tools. The
improvement in testability remains valid for test applications
using both external ATE using ATPG-generated deterministic
patterns or scan-based BIST using random patterns.

We have shown significant improvement in three important
aspects of testability: a) IDDQ test sensitivity, b) power in
test mode, and c) test length over conventional designs. We
have also shown that lower leakage spread in the Shannon tree
based circuits result in enhancement in parametric yield under
a leakage constraint. SBS does not incorporate extra hardware
in the scan chain. Existing DFT techniques to improve test
length or power can be easily combined with SBS to further
improve testability.
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