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Abstract - This paper describes a gate-level power
minimization methodology using dual supply voltages.
Gates and flip-flops off the critical paths are made to
operate at the reduced supply voltage to save power.
Core technologies are dual-V,, circuit synthesis and
P&R. We give a brief overview on existing low-power
EDA technologies as background and discuss advantages
and challenges of the dual-VDD approach. Through real
design examples, we will show that the approach reduces
power effectively while keeping the performance at neg-
ligible area overhead.

I.  Introduction

Power minimization is one of the key technologies in
modern VLSI design. Research and development in this
field are motivated by growing markets of portable informa-
tion devices, such as PDA’s, cellular phones, digital cam-
coders and digital cameras. For VLSI’s in those applications,
high performance and low power are required simultane-
ously. High performance is required for data processing such
as real-time encoding and decoding of picture/audio data,
while low power for prolonging battery life.

Requirement for power minimization is not limited to
portable applications. In consumer applications in which
cost competition is extremely serious, low power is needed
for reducing package cost. Power must be low if one uses
cheap plastic packages instead of expensive ceramic ones.

Power minimization is also required for improving reli-
ability of high-end microprocessors. Operation frequencies
are raised for improving performance in those VLSI’s, re-
sulting in increasing power (current) dissipation. This tends
to cause reliability problems such as electromigration in
wires, hot electron effects in MOS transistors, IR-drop in
power lines and ground bounce. Power reduction technolo-
gies keeping high performance are strongly required.

In this paper, we present design methodology that enables
us to reduce power while keeping performance. First we will
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give a brief overview on low-power EDA technologies as
background. Next we will describe low-power techniques
using multiple supply voltages in a core, especially focusing
on a gate-level design methodology using dual-Vp,’s. We
will discuss effectiveness and challenges of the methodology
through experimental results at real chips.

II. Background

Average power dissipation in CMOS circuit consists of
four components; dynamic power consumed in charging and
discharging of load capacitances, short-circuit power arising
from switching transient current, leakage power due to leak-
age current, and static power due to static current drawn
continuously from the power supply [1]. Dominant fraction
of average power is attributed to the dynamic power [2]. In
this paper, we discuss low-power design methodology by
focusing on the techniques of minimizing dynamic power.

The dynamic power is given by P = CV? fa, where C is
the load capacitance, V is the supply voltage, f is the clock
frequency, and o is the switching activity. Hence, for mini-
mizing the dynamic power, we need to minimize the
parameters of C, V, f and o. Papers have been reported on
the technologies that minimize these parameters while
keeping the performance. Fig.1 summarizes power minimi-
zation technologies, in which parameters to be minimized
and design levels are shown two-dimensionally. Currently
the most popular techniques are the ones that minimize C
and o. These techniques can be classified into two catego-
ries: (i) techniques which minimize C x o on average and
(ii) techniques which stop switching selectively. Techniques
such as low-power logic synthesis, power-driven placement
and transistor sizing are examples of (i), while techniques
such as gated clock and operand isolation are those of (ii).
Low-power technology mapping [3] is an effective tech-
nique in low-power logic synthesis. Cells are mapped so
nodes with high switching activity be hidden inside the cells.

0-7803-5973-9/00/$10.00 ©2000 IEEE.
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Load capacitances inside the cells are smaller, resulting in
minimizing C x o on average. Power-driven placement is a
layout technique in which placement is performed so wire
length weighted by switching activity be minimized [4]. As
transistor-sizing techniques for low power, gate resizing [5]
and gate/wire sizing [6] have been reported. Techniques
categorized in (ii) focus on disabling signal transitions when
they are unnecessary. Gated clock is the most well-known
technique in which switching of clock signals is stopped
when register-loading is not needed. Operand isolation is an
approach in which transitions of inputs are disabled at circuit
blocks when they are idle [7].

Another parameter to be targeted at for power optimiza-
tion is the supply voltage V. Reduction of supply voltage is
very effective because power is reduced quadratically. How-
ever, the performance of MOS transistors is degraded with
reducing V, leading to increasing the delay. Techniques are
required which enable us to reduce supply voltage while
keeping the performance of the entire chip. Architecture-
driven voltage scaling [8] is an approach to save power by
reducing V and f. A parallel architecture is built for keeping
the throughput of the entire circuit. This approach is quite
effective at DSP applications, although it comes with area
penalty resulting from parallel datapaths.

Another approach is to make use of dual supply voltages
in a core. Only the circuit part requiring high performance is
made to operate at the original voltage Vpp,, while the rest
of the circuit is made to operate at the reduced voltage
This results in reducing power without degrading the entire
circuit performance. This approach can be classified by the
level of granularity into (i) module level, (ii) functional-unit
level, and (iii) gate level. In a module-level approach report-
ed in [9], Vpp, is used in potentially power-hungry modules,
while Vypy is used in other ones. A designer must perform
RTL design and logic synthesis taking into account the delay
at Vipp,. As approaches for (ii), papers have been reported on
scheduling and optimal voltage selection for operations in
behavioral synthesis [10][11]. A gate-level approach report-
ed in [12] is to synthesize dual-Vpy structure at gate level
from the netlist originally designed with single supply volt-

VDDL'
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age. No extra burden is imposed on a designer. He/she can
perform RTL design and logic synthesis in the conventiona]
way. Implementation with dual supply voltages is automati-
cally done using dual-Vp;, circuit synthesis and P&R [13].

IIl.  Gate-level Dual-Vp,, Approach for Low Power

A.  Basic Concept and Problem Definition

The basic idea of the gate-level dual-V, approach is to
run the gates off the critical paths at the reduced supply volt-
age Vpp, while those on the critical paths at Vpp,. This
results in reducing the power without degrading the entire
circuit performance. This idea can be realized by performing
static timing analysis for a given circuit designed with single
Vi, extracting the gates off the critical paths, and assigning
Vpp to them. If netlist and timing constraints are given
along with the Vy,; voltage, one could generate a dual-V,
circuit using conventional algorithm such as gate resizing.
Fig.2 shows a possible circuit example generated in this
manner. However, this circuit has a problem when imple-
menting in CMOS LSI's. Static current flows at a Vipu gate
if it is directly driven by a V,, gate. This is because the
PMOS at the Vy;, gate cannot be cut-off at the input level
"High". A typical way of blocking the static current is to
insert a level converter (level shifter) circuit into the inter-
face of a Vi, gate to a Vypy gate. In Fig.2, level converters
should be inserted into the portions marked as A to D. Level
converters become an overhead of area and power. Thus the
problem we need to solve is finally defined as follows: For a
given circuit, choose gates and/or flip-flops to which we
should apply Vpp, such that we minimize the number of
level converters and the entire power while meeting the
timing constraints.

B.  Dual-Vy,, Circuit Synthesis
Minimizing connections from Vp, gates to Vppy Ones is
a most effective way to minimize the number of level-

converters needed. The Clustered-Voltage-Scaling (CVS)
structure proposed in [12] is the simplest one that does it. As
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Fig.2. Circuit with portions operating at VDDL
(shown as shaded) and those operating at VDDH.
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shown in Fig.3, clustered structure is built such that logic
gates on the output side of the combinational network (i.e.
logic gates closer to the D-inputs of flip-flops) become Vpp,
gates. In the CVS structure the connection pattern of a Vpp
gate 10 a Vppy gate does not exist. The only portions requir-
ing level converters are the interface between the output of a
Voo flip-flop and the input of a Vppy gate. Therefore, the
number of needed level converters is at most the same as the
number of flip-flops. Because no level converters are needed
between logic gates, the CVS structure minimizes the num-
ber of level converters needed.

An extended CVS (ECVS) structure has been reported in
[14]. The limitation in the CVS is somewhat relaxed so the
number of gates becoming Vpp, be increased. In the ECVS,
insertion of level converters is allowed even between logic
gates. This is effective at a gate with multiple inputs when
one input is on the critical path, while others are not. In the
CVS, not only this gate but also its transitive fan-ins must be
Vpp In the ECVS, however, we give opportunities to the
transitive fan-ins to become Vpp, by inserting level convert-
ers at the input of the gate. In practice, it is checked if the
level-converter insertion is worth performing in reducing
power. If it is, the insertion is performed.

Because the CVS or ECVS structure could not be synthe-
sized with available EDA tools, we developed a dual-Vp,
circuit synthesizer that generates them. The synthesizer takes
a gate-level netlist designed with a single supply voltage
Vppy s input, identifies non-critical paths by invoking an
internal static-timing-analysis engine, and replaces as many
Vppy cells with Vi, ones under the given timing constraints.
Level converters are automatically inserted into needed
portions. A netlist with the CVS or ECVS structure is gener-
ated as output.

C. Dual-Vp, Place and Route

One of the most important issues in the dual-Vy, layout is
the voltage separation between Vppy cells and Vpp cells.
Vppn and Vi, cells have to be isolated because their N-well
voltages are different. Voltage separation at row-by-row has
been addressed in [14][15], while the voltage separation
within a row has been presented in [16]. We chose the row-
by-row voltage separation shown in Fig.4 because of (i)

Level

Critical Path
Fig.3. Clustered-voltage-scaling (CVS) structure.
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Fig.4. Row-by-row voltage separation for dual-VDD layout.

high-performance and (ii) applicability to gate arrays as well
as standard-cell-based designs.

We developed automated techniques to generate the row-
by-row dual-Vp;, layout and realized on our internal P&R
platform. A couple of new technologies were required. One
is the optimal voltage assignment to rows. We developed
voltage assignment algorithms minimizing area overhead
while taking into account wire congestion and timing con-
straints [15][17]. The other key technology is the cell place-
ment under the voltage constraint. In the row-by-row archi-
tecture a Vppy cell must be placed in a Vppy row, while a
Vppo cell in a Vi, row. In other words, cells must be placed
taking into account the voltage. Since this could not be
achieved with available P&R tools, we enhanced the capa-
bility of our internal placement tool to achieve this.

D. Flip-Flop Circuit with Level-Conversion Function

The CVS and ECVS structure described above minimizes
the number of level converters. The number is at most the
number of flip-flops because a level converter is basically
inserted at the output of a flip-flop. However, in the case of a
circuit with a lot of flip-flops, inserted level converters cause
a significant area penalty. We proposed an approach reduc-
ing the penalty by using a flip-flop circuit with a level-
conversion function (FFLC) [17]. The circuit is depicted at
the right-most column in Table 1. A master latch of the
FFLC is the same as a conventional flip-flop, while a slave
latch has a level-conversion function. Signals with Vpp, -
swing at D and CLK are converted to Vppy-swing at Q. Area
penalty gets less by using FFLC compared to the case of
inserting a level-converter cell at the output of a flip-flop
(shown in column 2). Power is smaller than the conventional
flip-flop operating at Vppy, resulting from the fact that the
master latch of the FFLC operates at Vyp, . CLK-t0-Q delay
of the FFLC is larger only by 0.18ns than that of the con-
ventional flip-flop. We chose to use the FFLC in the design
because of its advantages.

The use of the FFLC allows us to shorten the turn-around-
time (TAT) of the design. We developed a design flow to use
the FFLC as a default flip-flop in logic synthesis. Register
elements in RTL description are mapped into the FFLC's
even in the single-voltage netlist. The use of the FFLC is
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Table 1. Conparisons on flip-tlops.

. . Insertion of level-converter cell Flip-flop with level-conversion
C tional flip-fl X :
e at output of flip-flop function (FFLC)
Flipflopeell Y% “eTer _ Slave fatch
Master latch [ yppH :
CK|: 7
Circuit 8- | 5o Q
structure CK ‘CK i
CLK—bopbo- CK_ X
VDDH | |
L. CKBO
Area * 1 1.64 1.21
Power * 1 0.74 0.63
Delay * 0.24 ns ** 0.59 ns *** 0.42 ns **

* Results on area and power are normalized by those on the conventional flip-flop.
Power and delay were simulated at VDDH = 2.5V, VDDL = 1.75V, |Vth| = 0.2V.

** CLK-to-Q delay

very helpful for minimizing the change between the single-
voltage netlist and the dual-Vypnetlist. This is because there
is no need to insert level converters at the outputs of the
FFLC's, resulting in minimizing the change in gate count
and path delay. This allows us to utilize the placement result
of the single-Vpp layout as initial floorplanning information
at Dual-Vp,, layout. This leads to shortening the TAT.

E. Supply Voltage Reduction in Clock Tree

We applied the dual-Vp;, approach also to a clock tree
[13]. A root driver is made to operate at Vppy, while clock
buffers in the clock tree are made to operate at V. Since
the output voltage swing of the leaf buffers is Vpp, flip-
flops driven by the leaf buffers must be able to receive the
clock signal with the Vpp, swing. By using the FFLC cir-
cuits as flip-flops, this constraint is automatically satisfied.
The dual-Vp, clock tree is generated at the layout phase
using a Clock-Tree-Synthesis (CTS) technique.

IV. Application Examples of Dual-Vy,;, Approach
A. Media Processor

We applied the dual-Vp, circuit synthesis and dual-Vy,
P&R to a media processor [13].

In applying this approach, the first thing we had to do was
to find the optimal Vpp, voltage. We repeated dual-Vpp, cir-
cuit synthesis and monitoring the power while changing
VppL voltage under Vppy of 2.7V. The result is shown in
Fig.5. The power versus Vpp, curve is U-shaped, showing
that the power gets the minimum at Vpp, of 1.9V. Intuitively
we can see that the power can not be reduced at higher Vpp,.
However, the power is not reduced either when Vpp, is too
low. The reason is as follows: In the dual-Vy, approach,
power reduction is determined by a couple of factors: the
power reduction at a single cell by scaling the supply voltage
from Vppy to Vpp, and the number of cells replaced with
Vpp. ones. At lower Vi, the power at a Vpp cell gets
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*** CLK-to-OUT delay

smaller, while the number of the cells replaced with Vpp,
ones gets fewer. This is because the performance of Vpp.
cells gets poorer at lower Vpp,. In other words, to replace
cells with Vpp, ones gets harder while meeting the timing
constraints. Hence the power is not reduced when Vpp, is
too low.

Determining the optimal Vpp,; voltage is an important step
in the dual-Vy, design. However, if we need to repeat the
procedure described above to find the optimal Vpp, at each
design, it would take a lot of time. Instead, if there is an
approach to give us the optimal Vpp, in a top-down fashion,
it will be more efficient. The research on this issue has been
reported in [18]. The authors built a theoretical model relat-
ing the Vpp, / Vppy value and the path-delay distribution of
circuits to the power reduction. By using the model, they
analyzed the Vpp, / Vppy value maximizing the power re-
duction. They showed that the optimal Vpp / Vppy value
exists between 0.6 and 0.7 irrespective of the path-delay
distribution of a circuit. In the application to the media proc-
essor, the optimal Vpp was empirically obtained as 1.9V
under Vppy of 2.7V, leading to Vpp / Vppy = 0.70. This
shows a good agreement with the claim from the theory.

We performed the dual-Vp, circuit synthesis to random-
logic modules including 2.5K through 14K cells. The per-

{4 o oot o e s e L L A L T T T LR
(O O 0 A0 O 0 I T xR

- NG A G hs Tk R patimnid B CREL S (g o o 1A
Fem X T SN N i iy ey B e e b

9 e L I e et e g SV AT

= T T 2 M e ot N O TR 6 {7 (R
- A I R B S R B e

£ T O A TR T N ) IR [ P T T

5] (RN RPN T T S (] P o Y (I

£, RS s e LR L a5 HiNERENE
= 085 I PR T e NS R T T T S P T T T

o

2 (P w1 0]y O T e L i o, ) 0 10 EC (O T

3 i} |t O TR 1) =) S R
A 080 F 4+ 4+ 4 44-1-1-1—-1- PNt + R e e e e e b

(e OO O O TN e 3£ O o 5 T W1

T T < (PR I ST | ) ST o) o et 8 T T T

0.75 44—+
12 N394 1516 L7, U8 319 208821 22 23 24 25 26 27

VDDL [volt]

Fig.5. Power-VDDL curve resulting from the dual-VDD
circuit synthesis.

AMD EX1021
AMD v. Realtek - Page 493



centage of the cells replaced with Vpp, ones was 76%. To
investigate the reason of the rich replacement, we analyzed
the distribution of path-delays in the design. Results are
shown in Fig.6. The X-axis shows the path-delay normalized

by the cycle-time. Hence the normalized delay of 1.0 indi- -

cates the path-delay is the same as the cycle-time, meaning it
is a critical path. Moving toward the left along the X-axis,
the path-delay decreases and the slack increases. The Y-axis
shows the number of paths normalized by the total number.
We investigated 5.8M paths using static path analysis. In the
original design, although as many as 15K critical paths exist,
they occupy only 0.3% in the total paths. More than 60% of
the paths have delays of half of the cycle-time. By applying
the dual-Vp, circuit synthesis, the center of the distribution
was moved toward the right. Thus the dual-Vy, circuit syn-
thesis effectively spends the excessive slack remaining in the
non-critical paths to build the dual-Vpy, structure.

We analyzed the power using the PowerMill simulation.
Power was reduced by 47% in the random-logic modules
while keeping the performance of 7SMHz.

B. Graphic Controller LSI

We applied the dual-Vy, circuit synthesis to three func-
tion modules in a graphic controller LSI [19]. Power reduc-
tion was compared with that of the conventional gate-
resizing technique. We investigated how the power reduction
is affected by the wire capacitance. We performed dual-Vpp
circuit synthesis and gate-resizing while changing the wire
capacitance. Results are shown in Fig.7. As the wire capaci-
tance gets dominant, power reduction in the gate-resizing
significantly decreases, while that in the dual-Vpp circuit
synthesis does not change so much.

Possible reasons are as follows: when the wire capaci-
tance is not dominant over the gate capacitance, each gate
could be down-sized without increasing the total delay. In
other words, down-sizing a certain gate reduces the output
load capacitance of the parent gate, allowing to down-size
the parent gate itself without increasing the delay. This
down-sizing chain results in reducing the total power. How-
ever, when the wire capacitance is dominant, the down-
sizing chain becomes less possible because the down-sizing
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Fig.7. Affect of wire capacitance on power reduction
at dual-VDD circuit synthesis and gate resizing

of a gate affects less to the load capacitance. Another reason
is that reducing gate capacitance does not contribute so
much to the total power when wire capacitance is dominant.

Meanwhile, power reduction in the dual-Vp, approach
does not depend upon whether the wire capacitance is domi-
nant or not. This is because the dual-Vy, approach reduces
the power dissipated in charging and discharging of wire
capacitance as well as that for the gate capacitance.

Both of dual-Vp, circuit synthesis and gate-resizing are
the techniques that reduce power by utilizing excessive slack
in the circuit. However, they show very different sensitivity
to the wire capacitance in power reduction. The dual-Vpy
approach shows effectiveness in power savings even in the
case that the wire capacitance is dominant.

C. MPEG4 Codec Core

To an MPEG4 codec core, we applied both the dual-Vy,,
approach and a VITCMOS technique to reduce power.
VTCMOS is a technique to control the effective threshold
voltage by applying substrate bias to MOS transistors [20].
At the active mode, transistors are made to operate at low
Vpp with low Vth. At the standby mode, the effective
threshold voltage is made to be larger by applying substrate
bias to block the leakage current. Hence the VTCMOS tech-
nique allows us to reduce supply voltage at the active mode
at the entire chip while keeping the performance.

Meanwhile, since VTCMOS does not care about exces-
sive slack in non-critical paths, there is room for further
power reduction at the gates in non-critical paths. By apply-
ing the dual-Vp, approach, we further reduce the supply
voltage in non-critical paths to reduce power.

We analyzed the power of an MPEG4 codec core des-
igned in 0.3um CMOS technology. Results from the power
simulation using PowerMill are shown in Fig.8. Operation
frequency is 30MHz. VTCMOS using Vpp=2.5V and
Vth=0.2V reduced power by 42% compared to the conven-
tional design using Vpp=3.3V and Vth=0.55V. In addition,
applying the dual-Vp,, approach with Vp,=1.75V reduced
power further by 25% at the entire chip. We applied the
dual-Vy, approach to the portions except memory macros.
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Power was reduced at logic gates by 30%, at flip-flops by
37%, and at the clock tree by 49%, respectively. At the por-
tions to which we applied the dual-Vy,;, approach, power was
reduced by 35% even after applying VICMOS. Thus the
power in the conventional design was reduced by 57% by
combining both techniques together.

To verify at real silicon, we fabricate test chips and meas-
ured average power dissipation. The chip to which we ap-
plied both the dual-Vy, approach and VITCMOS dissipated
45mW, leading to power reduction by 58% from the con-
ventional design. The number of power reduction shows a
good agreement with the above-mentioned results from the
power simulation. The area overhead was 5% at the portions
to which we applied the dual-Vy, approach, being almost
negligible at the entire chip.

V. Conclusions and Future Work

We have described power minimization techniques re-
ducing load capacitance, supply voltage, clock frequency,
and switching activity. Currently the most popular tech-
niques are those to reduce capacitance and switching activity.
Techniques to reduce voltage, however, are very attractive
because power dissipation is reduced quadratically. The
dual-Vpp, approach using two different supply voltages in a
core enables us to save power while keeping the entire per-
formance. We presented dual-Vp, circuit synthesis, P&R
techniques and dual-Vp, clock tree generation. Through
application examples, we showed the effectiveness of the
dual-Vpp, approach.

For future work, research efforts will be needed on noise
analysis and avoidance scheme for the design with dual-Vpp,.
In particular, coupling noise should be carefully analyzed
where an interconnect driven by Vpp, is located between
two interconnects driven by V. We performed a design by
paying special attention to inter-module wires and a clock
net with Vyp, swing [13]. Research on systematic noise
analysis and avoidance methodology will be required.
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Hardware/Software Co-verification C/C++ / Sr Luc Semeria and Abhijit Ghosh -- St Performance-Optimal
Clustering with Retiming for Sequential Circuits / Sr Tzu-Chieh Tien and Youn-Long Lin -- St IBAW: An
Implication-Tree Based Alternative-Wiring Logic Transformation Algorithm / Sr Wangning Long, Yu-Liang
Wu and Jinian Bian -- St On Mixture Density and Maximum Likelihood Power Estimation via Expectation-
Maximization / $r R. Chandramouli and Vamsi K. Srikantam -- St Edge Seperability Based Circuit
Clustering with Application to Circuit Partitioning / Sr Jason Cong and Sung Kyu Lim -- $t Feasible Two-
Way Circuit Partitioning with Complex Resource Constraints / Sr Hsun-Cheng Lee and Ting-Chi Wang -- St
Performance Driven Multiway Partitioning / Sr Jason Cong and Sung Kyu Lim -- St Hierarchical
Computation of 3-D Interconnect Capacitance using Direct Boundary Element Method / Sr Jiangchun Gu,
Zeyi Wang and Xianlong Hong

505 80 St Simplified Hybrid Method for Calculating the Frequency-dependent Inductances of
Transmission Lines with Rectangular Cross Section / Sr Shuzhou Fang, Xiaobo Tang and Zeyi Wang / Sr
[and others] -- St Analytic Calculation Method for Delay Time of RC-class Interconnects / Sr W.K. Kal and
SY. Kim -- St New Efficient Waveform Simulation Method for RLC Interconnect via Amplitude and Phase
Approximation / Sr Xiaodong Yang, Walter H. Ku and Chung-Kuan Cheng -- $t Optimization of VDD and
VTH for Low-Power and High Speed Applications / $r Koichi Nose and Takayasu Sakurai -- St Compact yet
High Performance (CyHP) Library for Short Time-to-Market with New Technologies / $r Nguyen Minh Duc
and Takayasu Sakurai -- St New CMAC Neural Network Architecture and Its ASIC Realization / Sr Yuan-
Bao Hsu, Kao-Shing Hwang and Chien-Yuan Pao / $r [and others] -- St Retargetable Estimation Scheme
for DSP Architecture Selection / $r Naji Ghazal, Richard Newton and Jan Rabaey -- $t Data Memory
Minimization by Sharing Large Size Buffers / Sr Hyunok Oh and Soonhoi Ha -- St Array Allocation Taking
into Account SDRAM Characteristics / Sr Hong-Kai Chang and Youn-Long Lin -- $t Causality Based
Generation Of Directed Test Cases / Sr Nina Saxena, Jacob Abraham and Avijit Saha -- $t Embedded
Tutorial : Fault models and test generation for IDDQ Testing / Sr Yoshinobu Higami, Kewal K. Saluja and
Yuzo Takamatsu / Sr [and others] -- $t Embedded Tutorial : Issues on SOC Testing in DSM Era / Sr Takashi
Aikyo -- 5t Cell Synthesis Method for Salicide Process / $r Kazuhisa Okada, Takayuki Yamanouchi and
Takashi Kambe -- St Monte-Carlo Algorithms for Layout Density Control / Sr Yu Chen, Andrew B. Kahng
and Gabriel Robins / Sr [and others] -- St Layout Generation of Array Cell for NMOS 4-phase Dynamic
Logic / Sr Makoto Furuie, Bao-Yu Song and Yukihiro Yoshida / $r [and others] -- St New Efficient Method
for Substrate-Aware Device-Level Placement / Sr C. Lin and D.M.W. Leenaerts

505 80 St Enhancing of Efficiency of the Harmonic Balance Analysis by Adaptation of Pre-conditioner to
Circuit Nonlinearity / Sr M.M. Gourary, S.G. Rusakov and S.L. Ulyanov / Sr [and others] -- 5t Analog-
Testability Analysis by Determinant-Decision-Diagrams based Symbolic Analysis / Sr Tao Pi and C.-J.
Richard Shi -- St Method for Linking Process-level Variability to System Performance / Sr Tomohiro Fuijita,
Ken-ichi Okada and Hiroaki Fujita / Sr [and others] -- St Embedded Tutorial : Design Challenges for 0.1um
and Beyond / $r Takayasu Sakurai -- St Hardware Accelerator for the Specular Intensity of Phong
lllumination Model in 3-Dimensional Graphics / Sr Young-Su Kwon, In-Cheol Park and Chong-Min Kyung -
- St Radix-4 Modular Multiplication and Exponentiation Algorithms for the RSA Public-Key Cryptosystem /
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Sr Jin-Hua Hong and Cheng-Wen Wu -- St SLDL and Rosetta / Sr Steven Schulz -- St SystemC Standard / Sr
Guido Arnout -- St Java based object oriented hardware specification and synthesis / Sr Tommy Kuhn and
Wolfgang Rosentiel -- St Superlog, A Unified Design Language for System-on-chip / $r Peter Flake and
Simon J. Davidmann -- $t Performance Sensitivity Analysis Using Statistical Method and Its Applications
to Delay Testing / Sr Jing-Jia Liou, Angela Krstic and Kwang-Ting Cheng / Sr [and others] -- St Testability
Metric for Path Delay Faults and Its Application / Sr Huan-Chih Tsai, Kwang-Ting Cheng and Vishwani D.
Agrawal -- St Non-Scan DFT Method at Register-Transfer Level to Achieve Complete Fault Efficiency / Sr
Satoshi Ohtake, Hiroki Wada and Toshimitsu Masuzawa / Sr [and others] -- St Sigma-Delta Modulation
Based BIST Scheme for Mixed-Signal Circuits / Sr Jiun-Lang Huang and Kwang-Ting Cheng -- St 12b 50
MHz 3.3V CMOS Acquisition Time Minimized A/D Converter / Sr Young-Deuk Jeon, Byeong-Lyeol Jeon
and Seung-Chul Lee / Sr [and others] -- St Benchmark Suite for Substrate Analysis / Sr Edoardo Charbon,
Luis Miguel Silveira and Paolo Miliozzi

505 80 St Embedded Tutorial : Substrate Crosstalk Analysis in Mixed Signal CMOS Integrated Circuits / Sr
Makoto Nagata and Atsushi Iwata -- St Invited Talk : Importance of CAD Tools and Methodology in High
Speed CPU Design / $r Haruyuki Tago, Kazuhiro Hashimoto and Nobuyuki Ikumi / Sr [and others] -- St
300MHz design methodology of VU for Emotion Synthesis / $r Takayuki Kamei, Hideki Takeda and Yukio
Ootaguro / Sr [and others] -- St Repeater Insertion Method and its application to a 300MHz 128-bit 2-
way Superscalar Microprocessor / Sr Norman Kojima, Yukiko Parameswar and Christian Klingner / Sr [and
others] -- St Clock Design of 300MHz 128-bit 2-way Superscalar Microprocessor / Sr Fujio Ishihara,
Christian Klingner and Ken-ichi Agawa -- St Circuit Partitioning with Coupled Logic Restructuring
Techniques / Sr Yu-Liang Wu, Xiao-Long Yuan and David lhsin Cheng -- St Improved Algorithms for
Hypergraph Bipartitioning / $r Andrew E. Caldwell, Andrew B. Kahng and Igor L. Markov -- $t Multi-way
Partitioning Using Bi-partition Heuristics / Sr Maogang Wang, Sung Lim and Jason Cong / Sr [and others].
650 0 Integrated circuits $x Computer-aided design Sv Congresses.

650 O Electronic circuit design Sx Data processing Sv Congresses.

650 6 Circuits intégrés $0 (CaQQLa)201-0032322 Sx Conception assistée par ordinateur $0
(CaQQLa)201-0380628 Sv Congres. SO (CaQQla)201-0378219

650 7 Electronic circuit design Sx Data processing. $2 fast SO (OCoLC)fst00906866

650 7 Integrated circuits $x Computer-aided design. $2 fast $0 (OCoLC)fst00975538

655 7 Conference papers and proceedings. $2 fast S0 (OColLC)fst01423772

710 2 Institute of Electrical and Electronics Engineers.

740 0 Design Automation Conference, 2000, proceedings of the ASP-DAC 2000, Asia and South Pacific.
740 0 Proceedings of the 2000 Conference on Asia and South Pacific Design Automation.

856 41 $3 IEEE Xplore Su http://ieeexplore.ieee.org/servlet/opac?punumber=6731

856 41 Su
http://portal.acm.org/toc.cfm?id=368434&coll=portal&dI=ACM&type=proceeding&idx=SERIES480&part
=series&WantType=Proceedings&title=ASPDAC $z Full text of the Conference proceedings (2000) via
ACM Digital Library
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