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High-Level Crosstalk Defect Simulation Methodology for
System-on-Chip Interconnects

Xiaoliang Bai and Sujit Dey

Abstract—For system-on-chips (SoC) using nanometer technologies,
buses and long interconnects are susceptible to crosstalk defects that
may lead to functional and timing failures. Testing for crosstalk defects
is becoming important to ensure error-free operation of an SoC. To
efficiently evaluate crosstalk-defect coverage of existing tests and fa-
cilitate the development of new crosstalk test methodologies, effective
crosstalk-defect coverage-analysis techniques are needed. In this paper, we
present an efficient high-level crosstalk-defect simulation methodology for
interconnects dominated by capacitive coupling effects. A novel coupling
defect-simulation model was developed and implemented in hardware
description languages. The high-level crosstalk-defect simulation method-
ology was examined by SPICE simulations. Experimental results show the
crosstalk defect simulation methodology efficiently provides high-fidelity
defect-coverage results. The proposed methodology enables fast explo-
ration and evaluation of different tests, leading to high-quality, low-cost
manufacturing tests for crosstalk-induced ac failures.

Index Terms—Crosstalk, defect, interconnect, simulation, system-on-
chip (SoC).

I. INTRODUCTION

Due to large coupling to ground capacitance ratio, gigahertz fre-
quencies, and dense interconnect, coupling capacitance between inter-
connects can significantly affect circuit performance and even cause a
chip to malfunction [1], [2]. On-chip interconnect is becoming a crit-
ical determinant for the performance and reliability of high-frequency
low-power system-on-chip (SoC) designs. Several design techniques
[3]–[6] and analysis techniques [7]–[9] have been developed to min-
imize signal integrity problems in various design phases. However,
process variations together with manufacturing defects may lead to an
unexpected increase in crosstalk noise. Process variations and manu-
facturing defects that can cause crosstalk errors are crosstalk defects.
Since it is impossible to accurately predict the occurrences of crosstalk
defects in nanometer circuits, testing for crosstalk defects is becoming
essential to ensure error-free operation of SoCs.

Previous works have shown that crosstalk effects are significant
in long interconnects [1], [10]. Therefore, it is important to develop
testing solutions and defect-coverage analysis methodologies targeting
crosstalk errors on global interconnects. Several testing methodologies
and fault models have been developed for crosstalk errors in gate-level
interconnect [11]–[14]. For global interconnect, a behavior-level fault
model, maximal aggressor (MA) fault model, was developed [10].
Frequently, it is difficult to apply tests to on-chip interconnects directly
from chip input/outputs (I/Os), since those system-level interconnects
are embedded between various cores. Additionally, crosstalk tests
need to be applied at operational speed, which may require expensive
external testers. To achieve high-quality at-speed testing of on-chip
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interconnects, a self-test method was proposed that uses embedded
built-in self-test (BIST) structures to generate tests for on-chip
interconnects [15]. However, the insertion of the BIST structures
introduces area and delay overhead. A less expensive alternative is to
reuse legacy tests, such as functional, scan, and BIST to achieve good
crosstalk-defect coverage.

In searching and developing an optimal test solution for crosstalk
faults, all new and existing tests need to be evaluated and validated.
SPICE-based defect simulation provides golden accuracy. However,
SPICE-based methods are prohibitively time consuming and are un-
suitable for iterative evaluations of large SoCs. An analytical method-
ology has been developed to evaluate crosstalk-defect coverage for a
given test set [16]. It uses hypercubes to represent covering relation-
ships among test patterns. Although faster than SPICE simulation, this
method has several limitations. First, the size of the hypercube grows
exponentially with the bus width. Second, the test patterns it can eval-
uate are limited to a subset of test patterns. Third, it assumes that all er-
rors propagated to receivers are observable. All these limitations render
this analytical method unsuitable in practice. Therefore, it is critical to
develop an alternativemethod that can efficiently evaluate crosstalk-de-
fect coverage for complex SoC interconnect architectures. The desired
crosstalk-defect coverage-analysis method should be fast, so that it can
be used iteratively to explore different test solutions. To ensure the ac-
curacy, it should have good correlation with detailed low-level noise
simulation methods, such as the SPICE-based defect simulation frame-
work developed in previous work [10].

In this paper, we present a high-level crosstalk-defect simulation
methodology that enables fast crosstalk-defect coverage analysis for
interconnects dominated by capacitive coupling effects. This method-
ology uses a novel coupling defect-simulation model for interconnects
to achieve fast crosstalk-defect simulation. The coupling defect-simu-
lation model is independent of fault model and test methodology to be
evaluated. It estimates noise effects based on coupling defect informa-
tion and interconnect signal transitions. The coupling defect simula-
tion model is implemented in hardware description languages (HDL)
and validated by extensive transistor-level simulations. The proposed
crosstalk-defect simulation methodology enables a complex SoC de-
sign, including HDL modules for different cores, testing solutions, and
physical defects to be simulated in an integrated environment.

The rest of the paper is organized as follows. Section II describes
interconnect crosstalk noise effects and their properties. Section III
presents an efficient interconnect coupling defect simulationmodel and
the high-level crosstalk defect simulation methodology. Section IV
validates the high-level crosstalk defect simulation methodology.
Section V concludes this paper.

II. INTERCONNECT CROSSTALK EFFECTS AND PROPERTIES

The adverse effects of coupling capacitance and inductance on signal
integrity can cause timing and logic errors. When coupling capacitance
is the first-order parameter between two interconnects, two basic signal
anomalies will take place as a result of switching signals on neigh-
boring wires. Fig. 1(a) shows the first case. When one of the wires
switches (Y1 switches from logic “0” to “1”) and the other is stable
(Y2 is stable logic “0”), energy will be transferred through the cou-
pling capacitance. This interference causes a glitch generated on the
original stable wire (Y2). In the second case, when the two wires are
switching in opposite directions, the transition time will increase, as
shown in Fig. 1(b).

When inductance is combined with RC elements, damped voltage
oscillations will be generated on top of a glitch or delay, as shown
in Fig. 1(c). Unlike coupling capacitance, mutual inductance can be
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Fig. 1. Three signal anomalies (a) glitch, (b) delay, and (c) oscillations.

a source of long-range noise. Analytical models for RLC noise effects
have been developed in [17] and [18]. Inductance effect is important
for some interconnects [19], [20]. It has been shown in previous studies
that inductance effects need to be considered for interconnects of length
l, (tr=2

p
LC) < l < (2=R) L=C, where tr is the signal rise time of

the driver. The interconnect must be long enough for the time-of-flight
to be comparable to rise time, or the interconnect must be short enough
such that attenuation does not eliminate inductive effects [19]. There-
fore, although inductance needs to be considered under some circum-
stances, its effect can be safely approximated by capacitance noise for
many on-chip interconnects. In this paper, we focus on crosstalk effects
that are caused by capacitive coupling defects and address the problem
of fast simulation and test coverage evaluation of such defects.

In this work, six different crosstalk effects are considered, as shown
in Fig. 2. When signal on one interconnect is logic “0” such as Y2 in
Fig. 2(a), and most neighboring signals are rising transitions, a glitch
toward logic “1” will be generated. We name this noise a positive glitch
(gp). Since the signal on Y2 is affected and may cause an erroneous
data on receiver, we refer Y2 as the victim and other interconnects as
aggressors. Similarly, as shown in Fig. 2(b), a glitch toward logic “0”
is generated onY2. This error effect is a negative glitch (gn). If a rising
transition is delayed because of crosstalk-induced noise, it is a rising
delay (dr), as shown in Fig. 2(c). In Fig. 2(d), a falling transition is
delayed and the noise effect is a falling delay (df). Crosstalk-induced
noise effects can also speedup signal transitions and cause hold-time vi-
olations. Fig. 2(e) and (f) show rising speedup (sr) and falling speedup
(sf) error effects, respectively.

In digital circuits, what constitutes an error depends on the receiving
logic’s characteristics, such as the threshold voltage and sampling
window. Not all crosstalk noises lead to errors. Using positive glitch
(gp) as an example, for the receiver to get an erroneous value the noise
should be higher than a threshold voltage (Vpth) for a duration time
longer than �tg around the sampling time T , as shown in Fig. 3(a).
This means that the glitch should be large, wide enough, and should
fall into the sampling window. Here, Vpth and �tg are determined
by threshold voltage, setup time, and hold time requirements of the
receiver. Vgmax is the magnitude of a glitch noise that just satisfies the
positive glitch-error criterions. Fig. 3(b) shows error characterization
for the falling delay (df). For an erroneous value to be sampled by the
receiver, the voltage of the delayed signal should be higher than Vpth
at the sampling time T for a time period �td. Based on receiver’s
characteristics, negative glitch (gn), rising delay (dr), rising speedup
(sr) and falling speedup (sf) can also be characterized in a similar
way.

For an interconnect wiring network, when all the coupling capaci-
tances are triggered, the total coupling noise is closely related to the
sum of all the coupling capacitance values [10].

• When driver strength is sufficiently high, noise effect is strongly
related with the summation value of coupling capacitances. The
differences of noise effects become negligible for cases that have
the same summation value, but different distributions of coupling
capacitances among aggressors. This can be attributed to the fact
that in an ideal case, with zero driver resistance, the resulting

distribution is similar to a lumped sum equivalent of the parallel
combination of all coupling capacitances.

• Monotone property: Glitch and delay effects increase monoton-
ically as the total coupling capacitance value increases while
other parameters remain the same. This can be attributed to the
fact that noise current injected into the victim is proportional
to the value of coupling capacitance. When all coupling capac-
itances are triggered to contribute to noise generation, the total
noise current will increase with the increasing of total coupling
capacitance value.

Based on the above properties, a threshold capacitance (Cth) can be
derived for a corresponding type of crosstalk fault. When the summa-
tion value of coupling capacitances exceedsCth, it is possible to cause
an error on the receiver if sufficient coupling capacitances are success-
fully triggered by input vectors [10].

III. HIGH-LEVEL CROSSTALK-DEFECT SIMULATION METHODOLOGY

The goal of developing a high-level crosstalk defect simulation
methodology is to achieve fast crosstalk-defect coverage analysis for
global interconnects and enable efficient exploration of different test
methodologies. In this section, we propose a high-level crosstalk-de-
fect simulation methodology. It uses a simple yet effective coupling
defect-simulation model, which is implemented in HDL. Due to
limitations of HDL simulators, noise estimation has to be simple. Yet,
it has to be sufficiently accurate for defect-coverage analysis purpose.
To achieve these goals, an efficient noise-estimation mechanism is
developed.

A. Interconnect Coupling Defect-Simulation Model

In this section, we use a four-wire interconnect system as an ex-
ample to explain the crosstalk-defect estimation mechanism used in
the coupling defect-simulation model. For simplicity, we assume that
bus drivers are balanced and have sufficient strength. Therefore, they
can be accurately modeled by saturated ramp voltage sources and linear
driver resistances. The accuracy of the model will be evaluated in the
next section.

Fig. 4 shows a four-wire interconnect system. To illustrate the noise
estimation process, a positive glitch error on wire 1 will be analyzed. In
coupling defect simulation, noise estimation will be performed for each
wire. However, in this example, wire 1 is the wire-under-concern (the
victim) and wires 2–4 are the aggressors. V1in, V2in, V3in, and V4in are
voltage sources of the drivers. V1, V2, V3, and V4 are voltages at the
receiver end of wires 1–4, respectively. C10, C20, C30, and C40 are
wire and load capacitances. Rline1, Rline2, Rline3, and Rline4 are wire
resistances. We assume that for buses, the drivers are strong, balanced,
and all have the same slew rate for rising and falling transitions. The
switching drivers can be characterized as follows:

dv2
dt

=S2 V 0

a

dv3
dt

=S3 V 0

a

dv4
dt

=S4 V 0

a
(1)

where jV 0

a
j is the absolute value of the slew rate and S is a transition

direction factor. S is “ +1” for rising transitions, “ �1” for falling
transitions and “0” for stable signals.

Aggressors inject noise current into the victimwire. The current flow
from wire 2 to 1 is

i21 = C12
d(v2 � v1)

dt
(2)
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Fig. 2. Error effects induced by coupling capacitances. (a) Positive glitch. (b) Negative glitch. (c) Rising delay. (d) Falling delay. (e) Rising speedup. (f) Falling
speedup.

Fig. 3. Characterization of errors: (a) positive glitch and (b) falling delay.

Fig. 4. An example of 4-wire interconnect system.

and currents from the victim wire to ground are

ig =
v1 � v1in

Rline1 +Rs1
(3)

i10 =C10
dv1

dt
: (4)

Based on Kirchoff’s current law (KCL), we know that

i10 + ig � i21 � i31 � i41 = 0: (5)

For a positive glitch, the input of the victim does not change and
v1in = 0. Input signals on the aggressors affect the victim signal
through the coupling capacitances.

From (1)–(5), we have

v1(t) = (Rline1 +Rs1)(S2C12 + S3C13 + S4C14) V
0

a

�

� 1� e

(0�t�tsettle)

(6)

where tsettle is the aggressor’s switching duration time.
From (6), we know that the magnitude of v1 is proportional to

(S2C12 + S3C13 + S4C14). Hence, it can be written as

v1 = m � (S2C12 + S3C13 + S4C14) (7)

where

m = (Rline1 +Rs1) V
0
a 1� e :

(8)
For an n-wire interconnect system, N

0�j�N;i 6=j
SjCij is an ef-

fective coupling capacitance (CCe�) of the wire i under a given pair
of input vectors. From the definition of the threshold capacitance, we
know that if the summation value of the coupling capacitances between
the victim and aggressors is equal to or larger than the threshold capac-
itance Cth, a glitch error will occur. Thus, if V1max = Vgmax, then
from (7) we have

Vgmax = m
�(C12 + C13 + C14) = mCpg�th: (9)

From (7) and (9), we can compare the estimated noise with threshold
voltage by

V1max

Vgmax
=

(S2C12 + S3C13 + S4C14)

Cpg�th
=

CCe�

Cpg�th
= CRpg (10)

Cpg�th is the threshold capacitance of positive glitch andCRpg stands
for positive glitch’s effective capacitance ratio, which is the ratio of
effective capacitance to threshold capacitance. Based on the monotone
property, we know that the larger the triggered coupling capacitance
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TABLE I
ERROR CRITERION FOR DIFFERENT CROSSTALK ERRORS

Fig. 5. High-level interconnect coupling defect simulation.

is, the larger a crosstalk noise will be generated. Hence, we do not ex-
plicitly check the crosstalk error conditions of �tg and Vth. Instead,
CCe� is compared with the threshold capacitance Cpg�th. CRpg is
used as a criterion in determining whether the noise is large enough
to cause an error. For example, suppose the coupling capacitances be-
tween wire1–4 are C12, C13, C14, C23, C24, and C34, and the input
pattern is V: 0010! 0101, then we have

CRpg =
(C12 � C13 + C14)

Cpg�th

: (11)

If CRpg is equal to or larger than 1 and the original driving signal on
the victim is stable logic “0,” a positive glitch error effect will occur
on the victim’s receiver. Similarly, other crosstalk error effects can be
estimated and generated. Table I shows the error criteria and digitized
error effects for all types of crosstalk errors considered in this intercon-
nect coupling defect simulation model.

B. High-Level Defect Simulation Methodology

The interconnect coupling defect simulation model is implemented
in HDL and a high-level coupling defect-simulation methodology is
developed. For a set of interconnects, an appropriate number of cou-
pling defect-simulation models will be inserted to replace the original
interconnect signals. The coupling defect simulation model estimates

noise effects and generates digitized crosstalk errors. The high-level de-
fect-simulation methodology enables various test solutions to be eval-
uated and simulated together with register-transfer level (RTL) and
gate-level models in a complex SoC

Fig. 5 shows an example of the high-level coupling defect-simula-
tion methodology. All models are simulated in a commercial HDL sim-
ulator. Coupling defect-simulation models are used for a bidirectional
bus between cores A and B. For different communication directions
of the bus, interconnects have different sets of drivers and receivers.
Hence, two coupling defect-simulation models are needed. The upper
part (surrounded by the dotted line) of Fig. 5 shows the inputs and out-
puts of a coupling defect-simulation model. Each coupling defect-sim-
ulationmodel is configured by a physical parameter file, which contains
information about coupling capacitances and Cth values of all faults
for each receiver. SPICE simulation is used to calibrate theCth values.
Coupling defects can be pregenerated and stored in a defect library.
During defect simulation, defects are injected by perturbing coupling
capacitance values in the parameter file.

In the HDL-simulation environment, each coupling defect-simula-
tion model is a process that monitors input events on the corresponding
bus interface. For bidirectional buses, two coupling defect-simulation
processes will be needed. The flowchart of an HDL coupling defect-
simulation process is shown in Fig. 6(a). When any input event oc-
curs, the coupling defect simulation process will be activated. For an
N -wire bus, this process estimates noise for each of the N wires, one
wire at a time. The noise effects are evaluated and digitized. After all the
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Fig. 6. Flowchart of HDL coupling defect simulation process. (a) Flow chart. (b) Pseudocode.

TABLE II
SLACK (�t) AND C FOR DIFFERENT DESIGN MARGINS

TABLE III
MATCHING PERCENTAGE BETWEEN HSPICE RESULT AND DEFECT-SIMULATION MODEL (DESIGN MARGIN 5%)

N wires are processed, the digitized error effects are assigned as new
events to the HDL simulator. These events will then generate output
waveforms on the bus interfaces at the receiver end. The pseudocode
of the noise-estimation process is shown in Fig. 6(b).

The high-level simulation methodology needs to be calibrated only
once using SPICE with layout-extracted parasitic parameters. After the
calibration, crosstalk-defect simulation can be performed iteratively
using HDL simulators. A parameterized template of the bidirectional
coupling defect-simulationmodel has been developed that enables sim-
ulation of a bus with arbitrary bus-width. The high-level simulation
methodology facilitates efficient defect simulations and test-method-
ology evaluations. Instead of recording test vectors, performing SPICE
simulation, and then transferring SPICE outputs back to HDL simu-
lator, the high-level coupling defect-simulation methodology allows
software (memory image), hardware (HDL modules like embedded
processor), and coupling defects to be simulated in an integrated en-
vironment. Hence, the defect-coverage evaluation process speeds up
tremendously.

IV. VALIDATION

The high-level crosstalk-defect simulation methodology has been
validated by extensive SPICE simulations. The experiments were con-
ducted on a six-wire bus (with drivers and receivers). We will examine
the quality of the coupling defect-simulation model by focusing on
crosstalk-induced delay errors on wire 3 in the six-wire bus.

A SPICE netlist was extracted from layout using IC station and Cal-
ibre [25]. Threshold capacitances were calibrated by SPICE simula-
tions. Then, both SPICE-based [10] and the proposed coupling defect
simulation methods were used to evaluate a set of random vectors.

Since process variations may cause coupling capacitances to be
larger than expected, designers may leave some degree of slack to
tolerate extra delay and noise. This design tolerance to accommodate
process variations and small defects is called design margin. Using
SPICE simulation, coupling capacitance threshold values can be cal-
ibrated for different design margins. In our experiments, test vectors
were applied to activate all the coupling capacitances collectively to
generate a rising delay on wire 3. The value of the coupling capaci-
tances was incrementally increased until the crosstalk-induced delay
becomes large enough to cause an erroneous data on the output of
the receiver. Then, the summation value of the perturbed coupling
capacitances was used as the Cth for the delay error on the receiver.
Table II shows the largest tolerable delays (�t), and the corresponding
threshold capacitances (Cth) for different design margins (from 0%
to 15%).

To assess the quality of the coupling defect-simulation model, we
performed extensive simulation with different design margins, pertur-
bation ranges and random input vectors. Simulations were conducted
with design margins from 5% to 15% and perturbation ranges from
10% to 30% (process parameters can vary as much as �30% [22]).

Four vector pairs were randomly selected as input stimulus. Table III
shows the experimental results with a design margin 5%. In the first



1360 IEEE TRANSACTIONS ON COMPUTER-AIDED DESIGN OF INTEGRATED CIRCUITS AND SYSTEMS, VOL. 23, NO. 9, SEPTEMBER 2004

TABLE IV
MATCHING PERCENTAGE BETWEEN HSPICE RESULT AND DEFECT-SIMULATION MODEL (DESIGN MARGIN 10%)

Fig. 7. Comparison of interconnect coupling defect simulation model outputs
and HSPICE results.

column of this table, vectors are shown symbolically. “+” represents a
rising transition. “�” represents a falling transition and “0” represents
a stable signal. On average, 98.8% of the coupling defect-simulation
model’s outputs match with the SPICE simulation results. Table IV
shows the results with a design margin 10%. The average matching
rate was 98.2%. Experiments were also conducted for a design margin
15%. The matching rate was 99% for one set of simulations with a
perturbation range 30% and vector v2. In all the other experiments the
high-level defect simulationmodel generated same output as the SPICE
simulation framework.

The coupling defect simulationmodel is accurate for defect coverage
analysis in most of the randomly generated test cases. However, the
high-level coupling defect model uses a lumped RC network to ap-
proximate distributed coupling effect of interconnects and uses a linear
model to approximate nonlinear drivers. As a result of these approxima-
tions, inaccuracy is introduced. Fig. 7 shows the experimental results of
200 randomly generated cases. The Y axis is for the Ce� value andX
axis is for the different simulation cases. Diamonds represent inaccu-
rate results and stars represent accurate results (matching with SPICE
simulation). The horizontal dotted line corresponds to the threshold ca-
pacitance of Cth = 1:1529 pf . It is clear that when the CCe� value
of the coupling defects falls into a narrow range (�9% in this case)
around the Cth, the quality of the coupling defect simulation model
will become inferior. Nevertheless, for most of the test cases, the cou-
pling defect simulation model is accurate and efficient.

The simulation results show that over a wide range of process vari-
ations and design margins, the proposed high-level crosstalk-defect
simulation methodology provides accurate and efficient crosstalk de-
fect-coverage analysis.

V. CONCLUSION

In this paper, we presented an efficient high-level methodology
that enables fast crosstalk-defect coverage analysis for system in-
terconnects. Instead of resorting to time-consuming SPICE-level
simulations, defect coverage analysis can be performed in an HDL
simulation environment. The high-level crosstalk defect simulation

methodology has been applied to various test solutions, including
validating a BIST methodology for crosstalk errors [15], facilitating
the development of a software-based self-test for crosstalk errors on
interconnects [23], evaluating crosstalk defect coverage for existing
tests and developing a new low-cost test solution [24].

The proposed crosstalk defect simulation methodology is efficient
and scalable. It enables software (memory image), hardware (HDL
modules), coupling defects and various test solutions (scan, BIST, func-
tional test) to be evaluated and validated in an integrated environment.
The high-level coupling defect simulation methodology can evaluate
the effectiveness of new crosstalk test methods and existing test sets. It
leads to the development of low-cost crosstalk test techniques for com-
plex SoC designs.
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IDAP: A Tool for High-Level Power Estimation of
Custom Array Structures

Mahesh Mamidipaka, Kamal Khouri, Nikil Dutt, and Magdy Abadir

Abstract—While array structures are a significant source of power
dissipation, there is a lack of accurate high-level power estimators that
account for varying array circuit implementation styles. We present a
methodology and a tool, the implementation-dependent array power
(IDAP) estimator, that model power dissipation in SRAM-based arrays
accurately based on a high-level description of the array. The models are
parameterized by the array operations and various technology dependent
parameters. The methodology is generic and the IDAP tool has been vali-
dated on industrial designs across a wide variety of array implementations
in the e5001 processor core. For these industrial designs, IDAP generates
high-level estimates for dynamic power dissipation that are accurate with
an error margin of less than 22.2% of detailed (layout extracted) SPICE
simulations. We apply the tool in three different scenarios: 1) identifying
the subblocks that contribute to power significantly; 2) evaluating the
effect of bitline-voltage swing on array power; and 3) evaluating the effect
of memory bit-cell dimensions on array power.

Index Terms—Estimation, high-level power estimation, implementation-
dependent array power (IDAP), implementation styles.
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1e500 is the Motorola processor core that is compliant with the PowerPC
Book E architecture.

I. INTRODUCTION

Many factors have contributed to the increased demand for lowering
power consumption in today’s semiconductor designs. Market demand
for portable electronics has driven the need for low-power devices,
which rely on a battery for operation and, hence, the aim is to increase
the lifetime of the battery between recharges. While performance has
traditionally been the main driver for high-end desktop and network
processors, the need for reducing power consumption has become a
serious issue as these devices operate at maximum tolerance levels.
For desktop computing, lower yields and higher cooling-system costs
increase the overall cost of the system. Similarly, in the network-pro-
cessor domain, heat-removal systems in a switch farm have a fixed ca-
pacity and, hence, a limit is imposed on the number of processors that
can be placed on a single board.

Array structures, such as register files, branch-target buffers, tag ar-
rays, and caches consume up to 70% of the overall power in a SoC [4].
It has also been shown that caches alone consume up to 40% of total
power [9]. In this paper, we focus on the dynamic power estimation in
CMOS-based array structures. Fig. 1 shows the typical design flow for
custom memory structures. To meet the stringent power constraints, it
is important to obtain power estimates at each level of design hierarchy.
As we go down in the design hierarchy, the level of detail in the de-
sign increases, leading to more accurate estimates. Although there has
been a sizable body of work on power estimation in array structures
(Section II summarizes this research), the focus has either been toward
modeling at the microarchitectural level or modeling through charac-
terization after the availability of transistor level design. Models at the
microarchitectural level lack accuracy because of the nonavailability of
design-specific information, such as sense-amplifier type (differential
or inverter based), decoder-style type (static CMOS or dynamic CMOS
based) etc. On the other hand, models at the transistor level, while ac-
curate, are available only in the latter stages of the design cycle. Hence,
there is a need for accurate power models which bridge the gap between
the microarchitecture level models and characterization-based models.
To the best of our knowledge, this is the first attempt which tries to
bridge this gap.

In this paper, we propose a methodology for accurate estimation of
power dissipation in CMOS-based arrays using a high-level descrip-
tion of the design, which contains microarchitecture-level parameters
and subblock circuit-implementation styles of the array structures. The
main contributions of this work are: 1) the ability to represent various
organization and implementations of arrays; 2) the ability to abstract
parameters which define the power consumption in arrays for a given
implementation style; and 3) amethodology to generate accurate power
models based on these parameters at a higher level in the design flow.
This technology provides designers with the ability to perform a wide
variety of tasks, as follows.

• Conduct “what–if” studies on the effects that implementation
changes may have on power, without the need to redesign at the
transistor-level, and hence, avoid time-consuming SPICE simu-
lations.

• Conduct accurate power-dissipation studies for new process tech-
nologies to better understand the impact a new transistor may
have on a design.

• Generate highly accurate power models for register transfer level
(RTL) design-space exploration.

The remainder of the paper is organized as follows. Section II sum-
marizes the related work in the area of array-power modeling and es-
timation. Section III provides a brief background in array structures

0278-0070/04$20.00 © 2004 IEEE


