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Abstract— In this work an efficient approach is used to
optimize the power and delay of the global interconnects. The
low swing method is optimized and used for various lengths of
the global interconnects. Current Mode Driver and Receiver
(CMDR) technique are presented. Additionally, a random
search algorithm known as Simulated Annealing (SA),
improved by an intelligent fashion using a piecewise linear and
logarithmic cost function, has been employed to optimize
power and delay of the long global interconnects. For
verification purposes, several circuits are designed and
simulated with Hspice for 0.13μm technologies. The simulation
results show a 25% reduction in power and a 28% reduction in
delay with respect to previous designs in the literature.

I. INTRODUCTION

The conventional continuous scaling of integrated
circuits had been shrinking the systems and increasing the
speed of the Integrated circuits. However, scaling not only
influences the system sizes and performance positively, it
has also major negative effects on the reliability and signal
integrity of deep-submicron ICs [1]. For example, the RC
delay of on-chip global wires increase substantially due to
the increase of die size and some technical difficulties in
metal-line scaling. Moreover, the power consumption of
wires and clock signals can be up to 40% and 50% of the
total on-chip power consumption, respectively [2].

Therefore, novel techniques for high speed and energy-
efficient interface circuits on the chip are very necessary.
Most of the researches attempting to optimize the power-
delay product can be divided into several categories:

1)Designing drivers/receivers to decrease the voltage swing
on interconnects [3];

2)Utilizing the advantages of buffer insertion techniques [4];

3)Employing of encoding techniques to reduce the switching
activity over the interconnect lines [5].

4)Using of the NOC, network on a chip, approach to reduce
the number of interconnects.

In this paper, we will present several improved interface
circuits utilizing optimized dynamic overdrive techniques.
The transistor size is calculated using a CAD tool which is
based on a random search algorithm such as simulated
annealing. The current mode driver and receiver were
presented in [6] and one optimization technique proposed in
[7]. In this paper a current-mode driver is optimized in
circuit level by decreasing the number of internal low swing
nodes which results in power-delay product improvement.
The transistor sizing is done for driver and receiver section
where a spice interconnect model laid between these two
sections for most realistic simulations. In section II current
mode driver and receivers are presented. The random search
algorithm implemented as our CAD tool is proposed in
section III. Simulation results are illustrated in section IV
and conclusions comes in section V.

II. CURRENT-MODE DRIVER AND RECEIVER

Figure 1 illustrates the structure that used in this scheme.
The driver converts the rail-to-rail digital swings to low
swing around the mid-supply. The amount of voltage swing
across the interconnect line is shrunk to small fraction of
supply voltage and pined to mid-supply voltage. The receiver
section converts low swing signals to rail-to-rail digital
signals at the end of the interconnect line. The overall delay
time is divided to three components: (1) Driver delay, (2)
Receiver delay and (3) Interconnect delay. In the global and
long interconnects, the delay associated with the interconnect
capacitances is dominant.

ReceiverDriver

τDriver τInterconnect τReceiver

0

Vdd/2

Vdd

Figure 1. The test structure that used in this experiment
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In the current mode driver circuits this delay mostly
decreases because of small voltage variations. Also, because
of this small voltage swing the power consumption of the
interconnect capacitances decreases, too. The interconnect
power dissipation is proportional to charge and discharge of
the line capacitance and frequency of this variations.
Equation (1) is illustrates this phenomenon:

)(sup capplyondissipatai VCfVP Δ××∝ (1)

A simplified schematic of the driver is shown in Figure 2.
The low swing buffer is pinned to Vdd/2 and designed to
have a small swing. At the input, a very slow NOT gate
generates a delayed NOT signal of the input. The NAND
gate output is always high and the NOR gate output is
always low; only at the transition times, fast and sharp pulses
occur at the outputs of these gates. Therefore, transistors M4
and M14 turn on only at the transition times and strongly
drive the output line during the short period of time. This
helps the weak and low swing buffer to drive the line
capacitance with a small voltage swing.

Figure 2. Simplified schematic of the driver

Figure 3 illustrates the driver complete schematic. In [7],
[8] there are several low swing nodes in the driver circuit
which causes large static power consumption. In this
proposed scheme there is no low swing node except the
output node which drives the interconnect capacitances. All
the transistors are sized using CAD tool to obtain maximum
power delay product. It is expressed in the section III. The
complete schematic of receiver circuit is shown in Figure 4.
The optimum transistor sizing in the receiver results in a fast
and low power circuit for converting low to high swings.

III. SIMULATED ANNEALING ALGORITHM

Usually it is difficult to find an analytic solution for a
CMOS circuit when second order effects are considered.
Hence, we have developed a CAD tool for digital and analog
circuit synthesis using simulated annealing. Unlike other
optimization techniques, simulated annealing provides hill
climbing capability to avoid being trapped in local minima
[12]. Figure 5 illustrates the flow diagram of the algorithm.
Equation (2) shows one of its key functions.

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −<
temp

costnewcostoldexp)1,0(rand (2)

Figure 3. Figure3 Complete schematic of the driver

Figure 4. complete schematic of the receiver

Figure 5. Simulated Annealing flow diagram.
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The left side of equation (2) is a random number between
0 and 1, and because of the preceding conditional operation
in Figure5, the right side is always less than 1. If temp is
high and the right side is close to 1, the probability of hill
climbing is high. If the difference between old cost and new
cost is large, the right side is almost 0, and the probability of
hill climbing is low. For low temp, the probability is also
low.

Figure 6. Flow of CAD tool optimization code

Optimization requires a spice netlist, a cost function, and
performance parameters such as delay time and power
consumption. The optimizer CAD tool also uses HSPICE
and MATLAB as shown in Figure 6. Annealer tries to
minimize cost function; it is sum of two parts, delay time and
exp (K- power consumption). This cost function tries to
minimize the delay time and the power consumption; the
first part has an intrinsic limit but the second part needs to be
restricted around a reasonable value such as K. Also one can
use weighted summation to force the CAD tool to put a
higher weight on one part of the summation.

IV. INTERCONNECT MODEL

The internal spice model of interconnects is used for
simulations. Commonly, spice provides the interconnect
models considering transmission line and cross talk effects.
The structure is used in this simulation is illustrated in
Figure7. Five coupled transmission lines which consist of
three signal lines with two shield lines between them are
modeled and used for simulation of current-mode signaling.
The cross section of the structure is demonstrated in Figure
8. Technology and equivalent circuit model parameters for
top layer metal in different technology nodes are obtained
from the ITRS2001. Simply, these parameters can be
inputted to spice to simulate the interconnect wires with five
coupled transmission lines. Therefore, the crosstalk effects
are taken into account. There are several researches in
analysis of crosstalk effects using lumped models. But the
nature of the crosstalk is the charge leakages through the
distributed line capacitances and when it is considered as a
lumped model, inevitably the errors will be generated in the
crosstalk effects prediction. Because, in lumped models of
crosstalk effects, there are only once capacitance which acts
as a charge transmitter from an aggressor line to the victim
line. On the other hand, we know that the charge leakages
occur gradually across the whole line as illustrated in Figure
7. In this paper, the amount of errors due to using of lumped
model for crosstalk effects is reported.

Figure 7. Interconnect structure for considering crosstalk

Figure 8. Cross section of five metal structure

V. SIMULATION RESULTS

The proposed circuits are optimized and simulated in
three technologies 0.25, 0.18 and 0.13μm. Node voltages of
driver and receiver in 0.13μm are shown in Figure 9. In and
Out are the overall I/O voltages of bus interface; Lin and Lout
are the output of low swing driver and the input of low swing
receiver, respectively.

Figure 9. Node voltages of driver and receiver

The comparison of crosstalk effects in current mode
structure (L4), repeater insertion (L3) and original structure
with (L2) and without (L1) shields are illustrated in Figure 10.
In the L1 structure, three coupled wires of 10mm length, is
simulated as a transmission line. The output and crosstalk
effect on the victim wires are shown in Figure 10. The L2
structure, five coupled wires of 10mm length, is
implemented which two shield lines are used between the
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three signal lines. As illustrated in Figure 10, crosstalk effect
decreases by 50% but the delay is a little more than L1.
Repeater insertion technique is employed in structure L3 and
the output and crosstalk effect on the victim lines are
illustrated. The L4, proposed structure, is shown in Figure 10
and has minimum crosstalk effect on the victim lines and
minimum output signal delay. The overall delay from input
to output is sum of the delay time of driver (τdriver),
interconnect (τinterconnect) and receiver (τreceiver) that
summarized in Table. 2.

V
ol
ta
ge

Figure 10. Crosstalk effects comparison in three structures

Figure 11 demonstrates the comparison of crosstalk
effects in distributed and lumped model. The small deviation
is the result of distributed nature of charge leakage which is
omitted in analytical lumped models.

V
ol
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ge

Figure11. Crosstalk effects comparison in Lumped and distributed model

TABLE I. DELAY AND POWER DISSIPATION COMPARISON

Length Power mW Delay ps

L3 CMDR L3 CMDR(L4)

4 mm 13.6 4.36 610 370

6 mm 14.74 4.42 890 410

8 mm 15.44 4.61 1080 472

10 mm 16.02 4.73 1290 560

TABLE II. DELAY TIME FOR EACH TECHNOLOGY WITH THE
INTERCONNECT OF 10MM LENGTH

Technology τdriver τinterconnect τreceiver τtotal

250 nm 180ps 360ps 220ps 760ps

180 nm 130ps 240ps 190ps 560ps

130 nm 120ps 100ps 130ps 350ps

VI. CONCLUSION

A current mode driver and receiver were designed and
optimized for using as line driver in global interconnects.
Based on low swing nature of proposed work the power
consumption in the interconnect line capacitances were
lowered. The low swing nodes within the driver circuits were
omitted to achieve low power consumptions. Also, a CAD
tool was used to optimizing the transistors sizes to obtain the
maximum power-delay product. Five coupled transmission
line spice model were used to simulation of interconnect line
with consideration of transmission line and crosstalk effects.
. The designed circuits were simulated in 0.25, 0.18 and 0.13
μm technologies and results demonstrated in section 5.
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