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Abstract— Most integrated circuits (ICs) of sufficient complexity use a clock signal in order to synchronize different parts of
the circuit, cycling at a rate less than the worst-case internal propagation delays. In some cases, more than one clock cycle is
required to perform a predictable action. As 1Cs become more complex, the problem of supplying accurate and synchronized
clocks to all the circuits becomes increasingly difficult. The preeminent example of such complex chips is
the microprocessor, the central component of modern computers, which relies on a clock from a crystal oscillator. The only
exceptions are asynchronous circuits such as asynchronous CPUs. A clock signal might also be gated, that is, combined with
a controlling signal that enables or disables the clock signal for a certain part of a circuit. This technique is often used to
save power by effectively shutting down portions of a digital circuit when they are not in use, but comes at a cost of increased
complexity in timing analysis. The most effective way to get the clock signal to every part of a chip that needs it, with the
lowest skew, is a metal grid. In a large microprocessor, the power used to drive the clock signal can be over 30% of the total
power used by the entire chip. The whole structure with the gates at the ends and all amplifiers in between have to be loaded
and unloaded every cycle. To save energy, clock gating temporarily shuts off part of the tree. In this paper, design of a clock
distribution network using multiple supply voltages is analyzed, then building and testing your circuit stage by stage using
Cadence Tools. In realization, first discuss the architecture and the implementation issues. Then, the coding process is
simulated by Cadence Tools.

Tools used: Cadence Tools (Virtuoso),ADEL,Spectre Simulator, Assura
Index Terms—clock skew, multiple voltages, Reduced swing clock scheme very large scale integration (VLSI).

I. INTRODUCTION

The clock distribution network (or clock tree, when this network forms a tree) distributes the clock signal(s) from a
common point to all the elements that need it. Since this function is vital to the operation of a synchronous system, much
attention has been given to the characteristics of these clock signals and the electrical networks used in their distribution. Clock
signals are often regarded as simple control signals; however, these signals have some very special characteristics and attributes.

Clock signals are typically loaded with the greatest fanout and operate at the highest speeds of any signal within the
synchronous system. Since the data signals are provided with a temporal reference by the clock signals, the
clock waveforms must be particularly clean and sharp. Furthermore, these clock signals are particularly affected by technology
scaling (see Moore's law), in that long global interconnect lines become significantly more resistive as line dimensions are
decreased. This increased line resistance is one of the primary reasons for the increasing significance of clock distribution on
synchronous performance. Finally, the control of any differences and uncertainty in the arrival times of the clock signals can
severely limit the maximum performance of the entire system and create catastrophic race conditions in which an incorrect data
signal may latch within a register.

Most synchronous digital systems consist of cascaded banks of sequential registers with combinational logic between
each set of registers.1

The functional requirements of the digital system are satisfied by the logic stages. Each logic stage introduces delays
that affect timing performance, and the timing performance of the digital design can be evaluated relative to the timing
requirements by a timing analysis. Often special consideration must be made to meet the timing requirements. For example, the
global performance and local timing requirements may be satisfied by the careful insertion of pipeline registers into equally
spaced time windows to satisfy critical worst-case timing constraints.

The proper design of the clock distribution network helps ensure that critical timing requirements are satisfied and
that no race conditions exist.

The delay components that make up a general synchronous system are composed of the following three individual
subsystems: the memory storage elements, the logic elements, and the clocking circuitry and distribution network. In a large
microprocessor, the power used to drive the clock signal can be over 30% of the total power used by the entire chip.

© 2014-15, VIRAE- All Rights Reserved Page -181



International Journal of Innovative Research in Advanced Engineering (IJIRAE) ISSN: 2349-2163
\_ J Issue 5, Volume 2 (May 2015) www.ijirae.com

In this paper, a low power design strategies is used to reduce the power dissipation of the clock network, this will lead to a
major reduction in the overall power dissipation of the chip. Low power Clock trees using multiple supply voltages or a reduced
swing clock signal before converting the clock signal back to the original voltage at the utilization points.

The Clock distribution network properties are:-
1. H-Tree —symmetric, regular array, clock skew can be small or use of X-tree-a variant of H Tree
2. Zero skew is achieved maintaining the distributed interconnect and buffers to be identical from the clock signal source
to the clocked register of each clock path.
3. Each clock path from the clock source to a clocked register has practically the same delays

The high power dissipation in the clock net is primarily due to the large amount of capacitance driven by the clock net, in
conjunction with the fact that the clock net switches on every transition. The total power dissipation consists of two components

(a) the static power dissipation, which is due to a leakage current of transistors during steady state.
(b) the dynamic power dissipation, which has two components: short circuit and charge/discharge of capacitance power
dissipation.

The short circuit power dissipation is a function of the slew rate of the input voltage; the sharper the clock edge, the lower the
short circuit power dissipation. The major component of the total power dissipation is the power that is used to charge and
discharge the load capacitance in the circuits.

P = fC.VaVs

Where f is the clock frequency, C, is the load capacitance, Vdd the supply voltage, and Vs the output swing of the buffer. For
the case where the output of the buffer swings from 0 to Vdd, Vs =Vdd and the formula reduces to

P =fCL Vdd*.
Since f is a fundamental parameter for the circuit, it cannot be changed and its effects can only be reduced by techniques such as
clock gating. Therefore, the power dissipation of the clock network can only be reduced by

(a) reducing the total load capacitance, which is consistent with attempting to achieve the minimal wire length and the minimal
buffer power dissipation; techniques for minimal wire length .

(b) reducing Vdd, which creates a quadratic reduction if Vs is also simultaneous reduced by the same factor (for example,
when Vdd = k Vs for some value of k)

(c) reducing Vs without reducing Vdd, which corresponds to a linear reduction in the power dissipation.

Since clock network construction techniques for minimizing the wire length is one area, our paper will use existing results on
that subject to build clock trees and will, instead, focus on buffer insertion issues and low voltage clock circuits.

1. LOW POWER CLOCK SCHEME

In this Low power clock tree, a HL Converter is a buffer that converts the incoming clock signal to the chip from a
high voltage swing to a low voltage swing.

HLconverter

Low Voltage Region High Voltage Region

Fig.1 Low Power Clock Schemel
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Alternatively, the input clock could be generated so that it has a low voltage swing. The clock signal is then transmitted on the
chip as a low voltage signal, thereby ensuring a low power clock distribution network. At the points of utilization at the sink
flip-flops, it is converted using the LH converter (Low-to-High converter) block to the higher voltage swing, which is the
voltage at which it is used by the logic network. Intermediate buffers are used in the clock tree (not necessarily at every
branching point) to regenerate the signal and maintain a sharp slew rate as the signal passes through the network. The work in
implicitly assumes that in order to save the maximum power, the low voltage region must be maximized, thus minimizing the
high voltage region. An HL converter is inserted at the root of the clock tree, and LH converters are inserted at the clock sinks,
thereby placing the entire clock tree in the low voltage region.

LEVEL CONVERTER CIRCUITS:-
The structure of the HLconverter is relatively straightforward. To convert the clock swing from a higher voltage range of gnd to
VddH to a lower voltage range of gnd to VVddL, a conventional buffer driven by a supply voltage of VddL will be adequate. We
note that the use of feedback in the part driven by VddH serves to speed up the transition and therefore ensures that the transient
current is not significant; our simulations show that it is, in fact, less than the transient current for a single inverter driven by
VddH.

3 VddH

Cload

Fig.2 LH Converter Circuit
A LEVEL CONVERTER USING REDUCED CLOCK SWING

Another variable that can be adjusted to reduce the power dissipation is the output clock swing. Zhang and Rabaey
[19] show that reducing the voltage swing of the signal on a wire is a good approach for achieving improved energy efficiency.
For the clock tree problem, the use of a driver to drive a long interconnects wire without repeater drivers would result in
unacceptable delay and transition times. A reduced-swing clock scheme with drivers, intermediate drivers and receivers, as
illustrated in Figure 3. The reduced swing driver as shown in Figure 3 is presented in [8] and its output swings from Vin to
Vdd-|Vtp|. Therefore, an intermediate reduced swing buffer cannot be an inverter since the magnitude of its input signal would
result in a significant short circuit current. A reduced swing buffer consisting of 4 transistors. M4 and M5 act as an inverter,
and M3 and M6 effectively alter the supply and ground voltages to VVdd-|Vtp| and Vtn, respectively, thereby ensuring a zero
steady-state short circuit current and keeping the output swing the same as the input swing. The modification is performed by
feeding back the output signal, which is the inversion of one of the inputs, to the other differential input node. Therefore, the
clock signal only swings from Vtn to VVdd-|Vtp|.
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Fig.3.Reduced Swing Clock Scheme

IV.RESULTS & CONCLUSION
The Simulation results verified by using the Cadence Tools are:-
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Fig.4. Low Power Clock Tree using Cadence Tools
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Fig.5. LH Converter Circuit
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The simulation results of the LH Converter show:-

1. The input Low Voltage swing (3 V)

2. The output as high voltage Swing (5V)
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Fig.6. Simulation results of LH Converter Circuit
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Fig.7.A Level Converter using a Reduced Clock Swing
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Fig.8. Slmulatlon results of LH Converter CII‘CUIt using Reduced Clock Swing (With Croap)

In this paper, Low power Clock trees using multiple supply voltages or a reduced swing clock signal before converting the clock
signal back to the original voltage at the utilization points.

Therefore, the power dissipation of the clock network can only be reduced by

(@) reducing the total load capacitance, which is consistent with attempting to achieve the minimal wire length and the minimal
buffer power dissipation; techniques for minimal wire length .

(b) reducing Vdd, which creates a quadratic reduction if Vs is also simultaneous reduced by the same factor (for example,

when Vdd = k Vs for some value of k)
(c) reducing Vs without reducing Vdd, which corresponds to a linear reduction in the power dissipation.
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