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INTRODUCTION   
 
 The recent development and design complexity 
continues to increase the advances to the nanometer 
scale; clock network begins to dominate the 
performance degradation in CMOS processor. 
Minimization of clock network power is one of the 
most important performance metrics. The reduction 
of supply voltage VDD has become vital
dynamic power dissipation. The switching activity by 
clock signals on data path is affected by 
wire length which hampers precise control of clock 
switching thus limiting the performance of CMOS 
processor. 
  Several techniques for power
network and area have been analyzed
reduces supply noise for data activation
blocks [1].Clock signal and clock tree optimization is 
mentioned in [2-4] & [8]. Power estimation at leaf 
node of logic block using lookup table has been 
analyzed in [5]. Clock skew scheduling and latch 
based controller for analyzing switching speed of 
data input is mentioned in [6], [7]. The main concern 
in design of low power system is to operate the 
device with minimum delay point in order to 
improve system performance. Many low power 
system techniques have been offered to circuit 
designers, some provide a power down system which 
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ABSTRACT 

This paper describes an ultra low power clock network for various CMOS processors. Two different topologies of clock network 
analyzed using control logic. The main focus of design is on improvement in speed by reduction in clock network area and dyna
dissipation. The topology is simulated in 0.12µm, 50nm technology; obtained results are compared with 0.60µm technology. The 
simulation has been carried out using EDA tool. 
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The recent development and design complexity 
advances to the nanometer 

clock network begins to dominate the 
performance degradation in CMOS processor. 
Minimization of clock network power is one of the 
most important performance metrics. The reduction 

has become vital to reduce 
The switching activity by 

affected by increased 
precise control of clock 

the performance of CMOS 

power, delay, clock 
been analyzed, viz., data jitter 

data activation in CLB 
Clock signal and clock tree optimization is 

Power estimation at leaf 
node of logic block using lookup table has been 

Clock skew scheduling and latch 
based controller for analyzing switching speed of 

The main concern 
in design of low power system is to operate the 
device with minimum delay point in order to 

Many low power 
system techniques have been offered to circuit 

provide a power down system which 

will make the entire system go
rest would be operated in low power mode where the 
system performance is not a concern.
 We present an approach for effective utilization 
of clock network without performance degradation. 
The clock network is made to operate in low power 
mode by utilizing effective controllers in global and 
local nodes of clock network. The clock controllers 
are designed for two modes of control operation 
utilized for low and high activity driven logic 
network. Power utilization in CLB blocks for various 
processor conditions leads to increase in area and 
leakage power overhead [9], [11] & [12].
the performance of CMOS processor the clock signal 
is operated with high frequency. The clock 
controllers provide an enable signal to operate clock 
network and for effective switching of logic blocks. 
Clock polarity assigned for clock network c
is analyzed [10]. Polarity assigned clock network is 
provided to activate the logic blocks and due to 
increase in control logic the interconnection delay 
should be minimized to improve the logic 
performance.  
 In this paper, we consider the effec
power, delay and area of global and local clock 
network of CMOS processor
Conventional clock network and clock power 
utilization in section III. Section IV 
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go to idle state and the 
rest would be operated in low power mode where the 
system performance is not a concern. 

e present an approach for effective utilization 
of clock network without performance degradation. 
The clock network is made to operate in low power 
mode by utilizing effective controllers in global and 
local nodes of clock network. The clock controllers 

e designed for two modes of control operation 
utilized for low and high activity driven logic 

CLB blocks for various 
to increase in area and 

, [11] & [12]. To improve 
the performance of CMOS processor the clock signal 
is operated with high frequency. The clock 
controllers provide an enable signal to operate clock 
network and for effective switching of logic blocks. 
Clock polarity assigned for clock network controller 

Polarity assigned clock network is 
provided to activate the logic blocks and due to 
increase in control logic the interconnection delay 
should be minimized to improve the logic 

In this paper, we consider the effects of dynamic 
power, delay and area of global and local clock 

of CMOS processor in section II and 
Conventional clock network and clock power 

Section IV proposes a 
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controller scheme of clock network to generate a 
local or global clock control signal and the design 
flow of proposed work. The simulation analysis of 
clock controller network for 0.6 µm 0.12µm & 50nm 
CMOS processor, summary results are included in 
section V. Finally section VI concludes the paper. 
 
II. Effects Of Clock Network Power:  
 Modern digital circuits consist of large set of 
logic gates implemented in the CMOS processor. 
The dominant part of Power consumption in CMOS 
processor can be mentioned as dynamic power and 
leakage power. The dynamic power is consumed 
during switching of logic states and it is mainly due 
to clock network. Leakage power is consumed, when 
the circuit is in idle state. Compared to leakage 
power, clock network power is a major factor to be 
reduced as switching activity increases. Clock 
network itself contribute to increase in leakage power 
as well as dynamic power due increase in number of 
transistor.  
Total dynamic power=Transient power + Capacitive 
load power  

                                        (2.1) 
PD       - Dynamic Power 
VCC     - Supply Voltage 
fL           - Input Clock Frequency 
NS        - Number of data bits switching   
CPD      - Dynamic power dissipation 
Capacitance 
 Leakage power mainly depends upon sub 
threshold leakage current, which increases with the 
decrease in threshold voltage. A leakage power 
reduction technique depends on transistor sizing, 
multi-V th, dual-Vth, stacking transistors, dual supply 
VDD, etc. Dynamic power depends on supply voltage, 
input frequency and number of data activity utilized. 
In order to reduce dynamic power, clock network 
should be modified and unnecessary switching 
transitions should be reduced. Clock pulse generator 
circuit with polarity assigned clock controller is used 
to reduce switching power. 
 
III. Conventional Clock Controller Network: 
 Clock gating technique at leaf node of CLB is 
predominant among several techniques. To maximize 
the clock disabling at the gate level, clock signal 
driving a FF is to be disabled in the next clock cycle. 
Disabling the clock input to a group of FFs 
disconnects the entire data-path circuits which lead to 
delay in data activity. Registers enabled by the same 
clock signal yield a high switching rate with power 
consumption overhead. Dynamic power reduction 
can be achieved by lowering the number of logic 
block activity. The grouping may place up to several 
dozens of FFs in a single group, and is usually done 
by synthesizers during the physical design phase. In 
reduced swing buffer scheme, buffer at the source of 
clock tree drives a number of first stage buffers. The 

buffer at the source of the tree reduces the clock 
swing to predetermined value. The subsequent buffer 
stage provides the buffering of the clock signal until 
it reaches the final stage buffers. Fig-1 indicates the 
buffer utilization in global node and leaf node of 
clock controller network. The local clock network is 
susceptible to noise and has large fan out. Due to 
large fan out at local node of clock network reduced 
swing buffer is introduced to global node of clock 
network. 
 Clock signal distribution is largely affected due 
to uneven distribution of clock signal and leads to 
power amplification problem. With technology 
scaling the device dimension and clock period 
continuously decrease. Clock skew, clock delay, 
signal slew, and power dissipation measurements for 
the different clock topologies and clock cycle in 
clock network are analyzed[13]&[14].The delay 
uncertainty caused by process reduces both 
performance and yield. Clock network power 
reduction can be obtained by grained architecture i.e. 
placement based technique to reduce interconnect 
resource usage on clock network thereby reducing 
capacitance and power. Fine grain network allows 
minimizing the dynamic power even for a few clock 
cycles. Coarse grain clock controller saves power 
from higher level of clock tree by removing all 
clocks switching from its downstream units. Coarse 
grained scheme is well suited for program enable that 
can be deactivated for substantially long period. It 
also requires less hardware overhead.  
 Amount of power spent in clock distribution 
depends on clock distribution technique. Clock signal 
distribution process for variable temperature 
condition introduces skew and jitter. Though 
different network topologies are used for clock 
network, such as grid, tree. H-tree structure is 
optimum for achieving low clock skew at an 
acceptable power consumption due to relatively 
small parasitic capacitance. Compared to grid based 
structures the total wiring capacitance of H-tree is 
smaller.  
 
IV. Modeling Clock Network Controller: 
 The proposed design flow for two stage 
reconfigurable pulsed latch controller network and its 
clock activity for a set of logic blocks are briefed as 
 
4.1. Assumptions: 
 A sufficient accurate delay model can be 
designed with random delay model in clock network 
for comparing several clock networks. Several 
simplifying assumptions for clock controller are 
framed. 
• Clock skew variation between logic blocks is 
proportional to number of clock controllers 
• Switching power is proportional to number of 
logic blocks assigned. 
• Processor size is independent of clock network. 
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• Processor performance is proportional to number 
of clock controllers. 
 The construction of clock network controller 
should consider how many flip flops a leaf network 
should drive and whether the flip flop should be 
grouped or provided independently. 
 
4.2. Controller Network: 
  Among several clock power reduction 
techniques, clock gating is predominant. Clock 
gating is employed at all levels: system architecture, 
block design, logic design and gates. Clock enabling 
signals are introduced by designers during system 
and block design phases. Clock gating does not come 
for free. An extra logic and interconnections are 
required to generate the clock enabling signals, 
resulting in  increased  power and area overhead .A 
key aspect of the optimal solution of clock power 
reduction is assigning different groups of flip flop for 
logic block activation. The proposed work describes 
a complete clock gating solution at different groups 
of flip flop. The entire dynamic power consumed by 
the logic blocks start from the periods where clock 
signals are enabled regardless of how relatively small 
this period is. The effectiveness of clock controller 
network requires statistical analysis of FFs toggling 
activity.  The data-driven gating method disables the 
data activity in the next cycle by assigning polarity 
using XOR gate its output will activate the CLB in 
the next clock cycle. The outputs of n XOR gates are 
combined to generate a joint gating signal for n FFs, 
which is then latched to avoid glitches. The 

combination of a latch with AND gate is commonly 
used by commercial tools and is called integrated 
clock gate. Knowing the basic size of logic blocks 
flip-flop groups is utilized. The clock signal to logic 
block can be varied by using clock polarity 
assignment network. Polarity assignment methods 
ignore clock gating, which is not optimal due to the 
dynamic changes in the switching activity of the 
clock sink buffers after gating. Let the sink buffers 
be assigned with negative polarity and the sink 
buffers be assigned with positive polarity after the 
polarity assignment. 
 
4.3. Latch Based Leaf Node Clock Controller: 
 The latch based clock gating uses level-sensitive 
latch to the design an enable clock and assign 
polarity for clock signal. Since latch captures the 
state of the enable signal and holds it until the 
complete clock pulses has been generated. It is 
necessary for the enable signal to be stable around 
the rising edge of the clock, just as in the traditional 
un gated design style. Availability of clock gating 
cells and automatic insertion by EDA tools makes it 
a simpler method for power analysis technique. The 
latch-based clock gating is reconfigured for data 
driven clock network and LUT driven clock network 
with variable polarity assigned. The polarity assigned 
for clock controller is based on XOR gate 
activation.Fig-2 shows the reconfigurable latch based 
clock controller implemented at the leaf node of 
CLBs. 
 

 

 
 
Fig. 1: Buffer utilization for clock network model. 

 

 
 
Fig. 2: Latch based leaf node clock controller. 
 
4.4. Clock Activation: 
 Reducing the size of clock tree is an effective 
approach to reduce power dissipation. A 
reconfigurable pulse latch design is proposed in 
which a pulse generator is used to generate clock 
signal. Clock pulse activates the logic block based on 
reconfigurable pulse latch activation. Logic blocks 

are enabled based on logic inputs. Reconfigurable 
pulse latch can be assigned as two types 1) Activity 
driven latch 2) LUT driven latch. Activity driven 
latch serve the local nodes of logic blocks and LUT 
driven latch drives global nodes of clock network. As 
clock pulse generator consume large amount of 
power in pulse latched circuits it is critical to reduce 
clock pulse generator. By utilizing single pulse 
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generator and assigning polarity to clock network, 
pulse generator power can be reduced .Polarity 
assigned clock signal activates the logic block of 
global nodes. The proposed flow model is shown in 
Fig-3. 
 
V. Experimental Results: 
 The design flow described in 
experimented on two set of CLB blocks. To verify 
the capability of the proposed method to reduce 
dynamic power and area consumed by the CLBs
to compare this power analysis technique
previous methods, the CMOS processor parameters 
are utilized for simulation verific
experiments are described and the results are 
discussed in Sections 5.1 and 5.2 respectively.
 
5.1 Flow of Leaf Node Clock Controller
 The proposed latch based clock network 
controller has been implemented in CMOS0.6µm, 
0.12 µm, 50nm.Two set of logic blocks are assigned 
 
Table 1: Simulation comparison for different CMOS processor

 

 
Fig. 3: Proposed clock controller flow model
 

 
Fig. 4: Data switching for reconfigurable pulsed clock controller network
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respectively. 

5.1 Flow of Leaf Node Clock Controller: 
The proposed latch based clock network 

controller has been implemented in CMOS0.6µm, 
0.12 µm, 50nm.Two set of logic blocks are assigned 

to implement activity driven clock and Lookup table 
driven clock. The clock polarity from clock pulse 
generator is varied for both clock controllers. The 
unnecessary switching of logic block is prevented by 
reconfigurable pulsed latch. A statistical distribution 
of the logic path area and dynamic, leakage power is 
obtained from advanced Monte Carlo statistical 
analysis. 
 
5.2. Results:  
 The comparison between
controller network and that of 
processor circuits are listed in Table 1.
that of 0.6µm CMOS processor
controller provides better reduction 
power as well as total power consumption without 
degrading performance and provides fast switching 
frequency.  
 Fig-4 & 5 shows the simulation output of data 
activity in logic blocks and dynamic power 
utilization for different CMOS processor.

Simulation comparison for different CMOS processor. 
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activity in logic blocks and dynamic power 
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Fig. 5: Dynamic Power comparison for reconfigurable pulsed clock controller network
 
VI. Conclusions: 
 This paper first proposed a 
network controller and rearrange able pulsed latch. 
Clock controller is applied to the leaf node of
network to reduce the dynamic power consumption 
without area overhead on CMOS processors. From 
experimental results, the proposed work indicates 
lookup table clock controller provides better 
reduction in dynamic power and total power 
compared to data driven clock controller. The 
switching activity of data inputs are not affected in 
LUT controller. 
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