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Abstract - A Resource based optimization is a new
approach for high performance integrated circuits. The
method is applied to simultaneous shield and repeater
insertion, resulting in minimum coupling noise under power,
delay, and area constraints  Repeater insertion is  a well
known design technique to reduce the delay required to
propagate a signal along a line. Shielding inserts an
additional line between a victim line and an aggressor line.
Finally placing a shield beside and inserting repeaters along a
victim line and are chosen to exemplify the resource based
optimization process. In the active shielding architecture
shield driving circuits as 4:1 multiplexer, full adder,
multipliers are inserted. The power consumption of active
shielding architecture is observed to be approximately 20%
less compare to passive shielding architecture. The main aim
of this is minimize the coupling noise under power, delay,
and area constraints
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I. INTRODUCTION

Further increases in integrated circuit (IC) scaling
requires more efficient devices, circuits, and systems in
terms of power, delay, noise, and area. Efficient
optimization processes are therefore required. To achieve
this capability, many different design techniques are used.

For interconnect, low-swing interconnects [2],
cascaded buffers [3], repeater insertion [4], shielding [5],
differential signaling [6], [7], active regeneration [8], [9],
intentional skewing [10], bus swizzling [11], [12], and
tapered interconnects [13] are well known design
techniques.

Optimization processes and related design techniques
applied to high performance ICs are the topic of this
project. A standard optimization process is based on a cost
function. There are two steps involved in this process, i.e.,
building a function and determining the optimal value of
the function. The cost function is typically a sum of
coefficients multiplied by the resources or a product of
resources with power coefficients, such as

Cost=α1.pwer+α2.delay+α3.noise+α4.area……........(1)
Cost=powerβ1.delayβ2.noiseβ3.areaβ4………..(2)

Where α and  β characterize the importance of a
particular resource.

II. Resource based Optimization Process

Limitations in standard optimization processes are
described in Section II-A. The theory and limitations of
resource based optimization processes are presented in
section II-B and II-C.

A. Limitations in Standard Optimization
Processes

A general flow for a standard optimization process is
shown in Fig. 1(a). The primary disadvantage of this flow
is the need for user involvement before the optimization
process is initiated.

Fig (1): Optimization flow diagram (a): standard, (b)
resource based optimization

The cost function and coefficients must be allocated for
each resource. For the same system, two users may choose
different coefficients and thereby produce different results.
Additionally, some resources have changing importance.
These aspects constrain the standard optimization process.

B.Resource Based Optmization Process
To  overcome these limitations, a  different resource

based optimization process is proposed. The user
involvement occurs at the end of this process. In Fig. 1(b),
a flow diagram of this resource based optimization process
is presented. In order to provide insight into the resource
based optimization flow, consider a system where

Area = f1 (width)…. (3)
Noise = f2 (width).... (4)
A fundamental  assumption in  (3)  and (4)  is that the

width determines the area and noise. Conversely, the area
or noise may determine the width. By inverting (3), the
same system is described by

Width=fi¹־ (area)…………... (5)
Noise=f2¹־ (width)……...…. (6)
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Substituting (5) into (6), the same system can be
characterized by

Noise=f2 [f1¹־ (area)]............ (7)
This system representation describes the relationship

between the two resources and can be presented as a
tradeoff line.

Power, area, noise, and delay are four primary design
criteria. The number of variables, e.g., line width, shield
width, number of repeaters, and power supply, is typically
high. Any system  can be represented by n variables
n+1and resources.

Res1=f1 (α1, α2, α3……….…….αn)
Res2=f2 (α1, α2, α3…….……….αn)

C. Limitations in Resource Based Optimization Processes:
Resource based optimization also exhibits limitations.

These limitations can be categorized as follows:
1) Model inaccuracies.
2) Function inversability.
In a standard optimization process, inaccuracy in the

models produces quantization error. In resource based
optimization, however, this error is cumulative. Due to
these additive errors, the models used in this optimization
process must be sufficiently accurate. Otherwise, only the
fidelity of the final function may be useful.

Function inversability   is   a different   limitation in
resource based optimization processes. For y=f(x), where
x cannot be directly extracted, certain techniques are
required to provide inversability. Some of these techniques
are truncation, Taylor  expansion, and  approximation,
which can lead to greater model inaccuracy.

Any design constraint may be characterized as a
resource. Some constraints, such as power and area, are
more commonly treated as a resource. Other design
objectives, such as delay or noise, are less commonly
referred to as a resource.

A practical application is composed of a combination of
optimization processes and multiple design techniques. A
methodology that considers these issues in an integrated
fashion is the focus   of this   project.   Two   different
techniques that provide immunity to coupled noise,
namely, shield and repeater insertion, have been combined
based on resource optimization to exemplify this process.
Each of the techniques exhibits different power, delay,
noise, and area resource characteristics.

III. SHIELD AND REPEATER INSERTION

A. Shielding
Shielding  inserts an  additional line between  a victim

line and an aggressor line. This technique can be divided
into two major categories: passive and active
shielding.

Fig. (2): Interconnect structure consisting of two shielded
signal lines

Fig. (3): Passive Shielding

A well-known technique to reduce coupling effects is to
insert static (ground or power) lines between bus data lines,
as shown in Fig (3). This technique is known as passive
shielding. Passive shielding eliminates the worst-case
switching condition when two adjacent lines oppositely
switch, resulting in a better worst-case delay.

B. Repeater Insertion
Repeater insertion is a well known design technique to

reduce the delay required to propagate a signal along a line
[4]. A method of inserting repeaters into a complex
integrated circuit includes the step of selecting, based upon
signal transition data, a maximum wire length to be
positioned between two repeaters in a complex integrated
circuit. It is impractical, however, to insert excessive
repeaters due to delay, power, and area constraints.

Fig. (4): Wire sizing in a repeater insertion system

C. Simultaneous shield and repeater insertion
Four primary resources for simultaneous shield and

repeater insertion are considered: power, delay, noise, and
area. In this project, the resource models are based on a
0.18 m CMOS technology.

Fig. (5): Schematic layout of a signal line with shield line
and repeaters to reduce coupling noise.

Placing a shield beside and inserting repeaters along a
victim line are chosen to exemplify the resource based
optimization process. The width of the shield line and the
number and size of the repeaters are chosen to express
noise on the victim line as a function of power, area, and
delay resources.
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IV. ACTIVE SHIELDING

The conventional fully shielded bus architecture, in
which a shield is inserted between each adjacent pair of
lines, was originally proposed to reduce both the noise
coupling between lines and the line’s worst-case delay by
reducing the worst case MCF of any line from 4.0 to 2.0.
However, shielding doubles the area of the bus. Another
intermediate shielding solution, the half-shielded bus, is
also used and trades-in some of the shielding advantages
to gain more area by inserting a shield after every two bus
lines instead of after each line. Compared to the fully
shielded bus, this bus architecture has 25% less area, but
the worst case MCF of any line is 50% higher (3.0 instead
of 2.0). Thus, this half shielded bus architecture will have
either a higher delay or larger repeaters and energy
dissipation for the same delay of a conventional fully
shielded bus.

Fig. (6): Active Shielding Circuit

A. 2-Bit Shielding
Compared to passive shielding, active shielding reduces

the MCF of some of the switching cases by allowing the
shield to switch. Although this reduces the energy
dissipation due to coupling, it increases the energy
dissipation of self-switching due to the switching of the
shield. Thus, the effectiveness of active shielding as
compared to passive shielding will depend on the relative
value of the reduction in coupling energy dissipation
compared to the self-switching energy dissipation.

Transistor sizes in flip-flops and repeaters are optimized
using the HSPICE global optimizer and circuit simulator.
For a given bus length (flop-to-flop distance), the
optimizer selects the optimal segment length (distance
between two consecutive repeaters) to minimize the total
energy of the bus while meeting a target cycle time
requirement of 500 ps as given by:

Tbus = TCQ + Tline + Tshield + Tsetup + Tskitter ≤ 500 ps

Where TCQ is the clock-to-out delay of the driver FF,
Tline is the line delay, Tshield is the propagation delay of
the shield encoding circuit (f) for the active shield lines,
Tsetup is the setup time at the receiver flop, and Tskitter is
a fixed quantity that accounts for clock skew and jitter
between the driver and the receiver flops.

Fig. (7): 2-Bit Shielding.

B. 4-BIT UN Shielding Circuit
The 4-bit UN shielding circuit diagram is shown in fig

(8). In the UN shielding circuit there is no shield lines are
place only repeaters are inserted. So in the above circuit
coupling capacitors are not grounded. So compare to
shielding circuit the noise is little bit higher in unshielded
circuit.

In the UN shielding for completeness, the actively
shielded bus is compared to an unshielded bus with larger
spacing such that both compared buses have the same bus
area. So, if the width of data and shield lines is equal to the
line spacing in the shielded bus, the spacing of the
unshielded bus should be three times the line width.
However, due to the larger line spacing, the line-to-ground
fringing capacitance will slightly increase and the coupling
capacitance will be significantly reduced. Thus, the
unshielded bus, with the same bus area as the shielded bus,
will have a lower line capacitance and hence a lower delay,
but is more susceptible to coupling noise due to the
absence of shields.

Fig. (8): UN Shield Circuit Diagram

C. The Multiplexer with shielding
A data selector, more commonly called a Multiplexer,

shortened to "Mux" or "MPX", are combinational logic
switching devices that operate like a very fast acting
multiple position rotary switches. They connect or control,
multiple input lines called "channels" consisting of 2, 4, 8
or 16 individual inputs, one at a time to an output. Then
the job of a multiplexer is to allow multiple signals to
share a single common output. For example, a single 8-
channel multiplexer would connect one of its eight inputs
to the single data output. Multiplexers are used as one
method of reducing the number of logic gates required in a
circuit or when a single data line is required to carry two
or more different digital signals.
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D. Full adder with shielding
In electronics, an adder or summer is a digital circuit

that performs addition of numbers. In many computers and
other kinds of processors, adders are used not only in the
arithmetic logic unit(s), but also in other parts of the
processor,  where they are  used to calculate addresses,
table indices, and similar. A full adder can be constructed
from two half adders by connecting A and B to the input of
one half adder, connecting the sum from that to an input to
the second adder, connecting Ci to the other input and OR
the two carry outputs. Equivalently, S could be made the
three-bit XOR of A, B, and Ci, and Co could be made the
three-bit majority function of A, B, and Ci.

V. SIMULATION RESULTS

Repeater Insertion

Fig. (9): (v (input), v (with buffer), v (noise in signal)

Shield Insertion

Fig (10): (v (input), v (output), v (noise)

Simultaneous shield and repeater insertion

Fig. (11): ( dout1:- input to shielding, dout3:- output to
shielding, dout4:- noise effect)

2-Bit Shielding

Fig. (12): 2Bit shielding output. (v(in), v(out), v( noise))

4 Bit UN Shielding

Fig. (13): UN shielding output (v (in) v (without buffer) v
(with buffer)

Fig. (14): UN shielding output (v (in), v (with buffer), v
(noise)

Multiplexer

Fig (15): Multiplexer with shielding
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Static
power

Dynamic
power

Delay Noise

Without
repeater
insertion

152nw 7.10uW 2.78ns 600mv

With
repeater
insertion

152nw 7.10uW 0.60ns 600mv

Both
shield and
repeater
insertion

586pW 511pW 0.1ns 11.5mv

Power Delay Noise

2 BIT
SHIELDING

static power
:- 596nW
dynamic
power:-
2.34uW

0.50nS 600mv

4 BIT
UNSHIELD

static power
:- 152nw
dynamic
power :-
7.10uW

0.60nS 600mV

Logic No. of
Transistors

Avg.
power

With
shielding

Array
Multiplier

2176 2.3mw 1.9mw

Wallace-
tree
multiplier

2120 1.8mw 1.5mw

Fulladder

Fig (16):   Full adder with shielding

Observations
Passive shielding

VI. CONCLUSION

The resource based optimization process is evaluated for
a system that simultaneously considers shield and repeater
insertion. The methodology is used to investigate power,
delay, and noise tradeoffs. The noise performance is
comparable among all of these techniques. With only
shielding, however, the delay is higher, while in only
repeater insertion, the power is higher. In practical cases
where the delay, power, and area are constrained,
simultaneous shield and repeater insertion exhibits the best
performance. All these techniques are under passive
shielding architecture. The optimal active shielding
architecture uses shield driving circuits as multiplexer, full
adder. The power dissipation and noise of active shielding
architecture is decreases compare to passive shielding
architecture. This was verified using Synopsys HSPICE
circuit simulations.
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