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than repeater-inserted global wires.

1. Introduction

Recently, thermal integrity is becoming a principal de-
sign issue, since reliability such as electromigration [1, 2]
and leakage current are strong functions of temperature, and
increased power consumption makes the thermal problem
more serious. To solve this problem, thermal analysis of
a whole chip and temperature-aware design from architec-
tural level [3] to physical design level [4] are a hot topic
both in academia and industry.

From a micro point of view, on the other hand, self-
heating problem of global wires has been comprehensively
studied [5—11]. Self-heating effect is a phenomenon that
the energy dissipated by wire resistance generates heat in-
side the wire, which results in an increase in temperature.
An overheated wire causes [11]: (1) deterioration of sig-
nal propagation delay because of the electric resistance in-
crease, and (2) reliability degradation such as electromigra-
tion. As for global wires, the self-heating problem has been
discussed intensively, because the self-heating problem is
thought to be more significant in global wires due to the
following reasons [11]: (1) global wires are distantly routed

This paper predicts that the self-heating effect arises in
short intra-block wire in the future, and its temperature in-
crease is compared with the increase in global wires that
has been mainly discussed so far. The previous work [11]
assumes an extreme configuration of current flowing in
an global interconnect to clearly point out the self-heating
problem. However, the impact of self-heating in a practical
design, e.g. with buffer insertion, is still unclear. To evalu-
ate the self-heating problem of signal wires from the view-
point of practical circuit design, this work assumes a clock
distribution, which is one of the practical worst-case, be-
cause the switching probability is one. As for global wiring,
buffer insertion is considered to remove excessively long
wire configurations.

The contribution of this work is to reveal that the wire
pelf-heating problem arises not only in global wires but also
n short intra-block wires in the future, and the temperature
ncreases would be comparable, or rather the short wires
will face severer self-heating. Our prediction will give a

message to the future design guideline and contribute to im-
prove reliability and performance.

The rest of the paper is organized as follows. Section 2
explains the motivation of this work. Section 3 describes
the wire and chip models that are used for the prediction.
Section 4 shows prediction results of the temperature in-

K. Shinkai, M. Hashimoto, and T. Onoye, Future Prediction of Self-Heating in Short Intra-Block Wires," ISQED, 2007.
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Abstract— This paper presents an allocation method of decou-
pling capacitance that explicitly considers timing. We have found
and focused that decap does not necessarily improve a gate delay
at all the switching timing within a cycle, and devised an efficient
sensitivity calculation of timing to decap for decap allocation. The
proposed method, which is based on a statistical noise modeling
and timing analysis, accelerates the sensitivity calculation with
an approximation and adjoint sensitivity analysis. Experimental
results show that the decap allocation based on the sensitivity
analysis efficiently optimizes the worst-case circuit delay within a
given decap budget. Compared to the maximum decap placement,
the delay improvement due to decap increases by 5% even while
the total amount of decap is reduced to 40%.

[. INTRODUCTION

Power supply noise has become one of primary concerns in
modern high performance circuit design due to increased cur-
rent consumption and lowered supply voltage. Power supply
noise mainly consists of IR drop and Ldi/dt noise. Widening
power wire is a common technique to reduce IR drop with a
sacrifice of routability and wire resource. However, it cannot
reduce Ldi/dt noise originating from package and bonding
wires. In recent designs, decoupling capacitance (decap) has
been placed in power supply network to suppress IR drop
and Ldi/dt noise. Decap is often implemented with MOS
gate capacitance, and a large decap consumes large silicon
area. Moreover, gate leakage current has increased along

sensitivities of an objective function that mainly consists of
timing variation using adjoint sensitivity analysis, and find
positions suitable for decap placement. However, a problem is
that, at each position, the worst voltage drop within a specified
clock cycle is computed and used for gate delay calculation

“',[,A..g aoncidosiac nu,itjl‘:.,n lln-.;:n axcsandoss: Daocoe o xly
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illustrated in Section II. Reference [3] assumes that reduction
of peak voltage drop necessarily improve timing, but it is not
true. Moreover, a noise waveform changes cycle by cycle, and
the noise reduction effect of decap also varies. Spatial noise
variation and within-cycle and inter-cycle temporal noise vari-
ation caused by decap insertion/removal must be considered
in timing-oriented decap allocation.

In this paper, we propose a decap allocation method for
timing that explicitly considers spatial and temporal variation
of noise due to decap modification. To consider noise de-
pendence on input patterns, we model dynamic power supply
noise and its variation due to decap modification statistically,
and compute statistical sensitivity. For efficient sensitivity
computation, we devise a performance function, which can
be efficiently computed with an approximation, for adjoint
sensitivity analysis [7]. Guided with the computed sensitivity,

J

T. Enami, M. Hashimoto, and T. Sato, "Decoupling Capacitance Allocation for Timing with Statistical Noise Model and

Timing Analysis," ICCAD, 2008.
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TABLE 1

POSITION DEPENDENCE OF DECAP ON TIMING IMPROVEMENT.

initial worst-case delay: 2882ps
pos. (x.y) | imp. (ps) | pos. (x.y) | imp. (ps)
(0,0) 0.241 (2,0) -1.84
(0,1) 1.11 (2,1) -2.08
(0.2) 4.34 (2,2) 0.192
(0,3) 1.27 (2,3) 4.70
(1,0) -0.579 (3.0) -1.79
{1,1) -0.142 (3,1) -1.24
(1,2) 0.809 (3.2) 0.224
(1,3) 9.26 (3,3) 1.12
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