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Abstract: 

In the current scenario of VLSI and other electronics industries it has become imminent to address the three very basic issues 

namely speed, power and size. In this project the main focus is on the power parameter. Generally synchronous circuits waste a 

lot of clock pulses. This means that the pulses are consumed even if the output is not changing. It is seen that the one of the major 

sources of power dissipation is wastage of clock pulses. In this paper clock gating technique is used to reduce power consumption 
as compared to non gated circuit. The circuit simulation is done by Tanner EDA software in 22 nm technology and power 

consumption is obtained using T-spice simulation. It is seen that by using clock gated circuitry the power consumption reduces by 

80.99 %. 
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 I INTRODUCTION  

In the past, the major concerns of a VLSI designer were area, 

performance, cost and reliability of the system. Thus power 

was considered secondary. But nowadays the scenario has 

changed and day by day power parameter is gaining 

importance. Several factors have contributed to this trend. The 
main reason behind popularizing low power is new generation 

of portable devices which includes laptops, palm tops, mobile 

phones etc. Thus apart from performing at high speeds the 

devices must also work at low power to satisfy human needs. 

Thus it has become imperative to consider power consumption 

as a very important and significant design concern.[1] 

Consider the following example that shows the need 

for low power. Assume that a device requires 50 watts of 

power and still has room for power optimization. Assume 

another battery which is secondary type nickel – hydride. Let 

the secondary battery give around 60 watt hours per kilogram. 
This means that for one hour power required is 50watt hour so 

for 10 hours power required will be 500 watt hours. Now if the 

60 watt hour battery weighs 1 kilogram then 500 watt hour 

battery weighs around 8 kilograms. This weight of the battery 

is unacceptable and thus it acts as primary motivation to 

optimize power. Earlier generation of microprocessor family 

used to dissipate as much as 15-30 W at 100-200 MHz clock 

rates. Thus a 10 cm2 microprocessor which is clocked at 600 

MHz would consume about 350 W. [3] 

Having understood the concept, it cannot be denied 

that one can also achieve financial advantage by reducing the 

power consumption in systems where performance matters. As 
far as high level performing systems are concerned they should 

be reliable enough as well as cheap. It is a very commonly 

observed phenomenon that in complex and powerful systems 

the temperature of the system might get too hot. This rise in 

temperature might result in failure of various parts of the 

circuit. It is estimated that for every 10 °C increase in 

operating temperature a component‟s failure rate almost 

doubles up. Thus in such cases the maximum power rating is 

an important issue to be addressed. It is this power that 
eventually impacts the system cost, system area and size, gives 

an idea about the components to be used, the battery to be 

used, type of packaging, heat sinks and coolants and also lay a 

path to identify the resistive and inductive voltage drop 

problems. Thus keeping the peak power low is of utmost 

importance. The above said reasons make it difficult to put 

more and more transistors in a single die. So as long as the 

power will affect the reliability of the system by excess heat 

performance of the system will not be improved as integration 

of the transistors will be limited. [6] 

Apart from various aspects it is also important to 
consider the environmental factor. If the peak power small then 

the power dissipation of the entire system will also be low and 

thus heat generated in surrounding areas is also less which 

maintains healthy environmental conditions. Eventually if the 

heat generated in offices and schools is less the additional 

coolant and heat sinks required will also be less having a clear 

financial boon. Reducing power consumption may differ from 

application to application. In case of mobile phones the ideal 

condition is to maintain the inbuilt battery for lifetime and 

keep the weight as low as possible. As far as high performance 

devices are concerned such as computers, laptops and 

palmtops the goal is to reduce power dissipation from the 
screens and CPUs. Finally, for high performance systems such 

as non battery systems, multimedia processors, power 

minimization means to reduce system cost which includes 
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minimizing coolants and heat sinks on one hand and achieving 

device reliability for longer durations. 

Based on different requirements of different devices 

there are different optimization power techniques. The design 

engineers have to choose between cost and performance 

depending on the priority of the product service. Another query 
that lies before a design engineer is to choose the proper 

objective function so that perfect design as per the 

requirements could be made. For example if the energy or 

battery life is to be improved then the speed of performing 

operations might be less and the operations may take a very 

long time to execute. But if both the battery life speed are 

important, then the energy-delay product minimization must be 

done.[4] 

Thus from the above discussion it is seen that low 

power has emerged as a top parameter to be addressed in 

today‟s world of integration. The need for low power arising 

mainly due to device portability has caused a shift of interest 
of design engineers where power is given equal importance as 

compared to performance and area. Two components 

determine the power consumption in a CMOS circuit. Static 

power includes sub-threshold leakage, drain junction leakage 

and gate leakage due to tunnelling. Among these, sub threshold 

leakage is the most prominent one. Dynamic power includes 

charging and discharging power and short circuit power. When 

technology feature size scales down, supply voltage and 

threshold voltage also scale down. Sub-threshold leakage 

power increases exponentially as threshold voltage decreases. 

Furthermore, the structure of the short channel device lowers 
the threshold voltage even lower. 

II. EXISTING GATING METHODS 

A. NOR GATE BASED CLOCK GATING 

 

NOR gate is a very suitable technique for clock gating where 

we need actions to be performed on Positive Edge of the 

Global clock. For analysis using NOR gate, the circuit 

connection is shown in Figure 1. In this figure it can be 

observed that Counter will work when enable turns ON. [2] 

 

 

Figure 1: Clock gating using NOR gate [2] 

 

When enable changes to '1' at negative edge of the clock we 

get an incorrect output. Incorrect output is due to the small 

glitch when enable turns low at negative edge of the clock, 

counter increments one more clock .Correct output of the 

counter is measured with positive edge trigger because enable 

is changing from positive edge of the clock to the next positive 

edge of the clock.When any hazard at the enable could be pass 

on to the Gclk when clk='0' this situation is particularly very 

dangerous and could jeopardize the correct functioning of the 

entire system. 

 

B. LATCH BASED NOR GATE CLOCK GATING  

Latch based NOR Gated Clock scheme is shown in Figure 2. 

Here enable signal is applied through latch in place of direct 
connection to NOR gate. [2] 

 

Figure 2: Clock gating using latch-based NOR gate circuit [2] 

 

It is seen that the counter will take one extra clock cycle delay 

to change its state and after that it will work normally until En 

is de-asserted and this time also it will take one clock cycle 

extra to stop changing its state. Thus unwanted outputs due to 

Glitches at the En must be avoided. The output of the counter 

will be incorrect if it increments once even when enable is 
turned down due to a tiny glitch due to the fall time delay of 

enable. 

 

C. AND GATE BASED CLOCK GATING  

In sequential circuit one two-input AND gate is inserted in 

logic for clock gating. One input to AND gate is clock and 

while the second input is a signal used to control the output. 

For experimental purpose a simple counter shown in Fig 3 is 

used as a sequential circuit application. Initially at reset = 0 

counter is initialized to 0 and after that when reset =1 counter 

increments at each negative edge of the clock.[2] 
 

 
 

Figure 3: Clock gating using AND gate [2] 

The above figure shows the clock gating technique for the 

counter by inserting one AND Gate. The output of counter is 

achieved when counter is negative edge triggered and „enable‟ 
changes from clock cycle starting from negative edge to the 

next negative edge. In this case output of the counter changes 

after one clock cycle of being en='1'. Thus it can be seen that 

when counter is positive edge triggered and enable is changing 

starting from positive edge to the next positive edge, counter 

increments one extra time, due to tiny "Glitch", when it goes 

down due to more falling time of the enable, and thus the 

output achieved is wrong. In general for positive edge 

triggered system when enable turns ON at negative edge of the 
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clock to the next negative edge, the counter increments only 

one time at positive edge of the clock because when enable 

goes down there is the negative edge of the clock not positive. 

A major problem of Hazards arises when any hazard at the 

enable could be passed on to the Gclk when clk='1' this 

situation is particularly very dangerous and could jeopardize 
the correct functioning of the entire system. [5] 

 

D. LATCH BASED AND GATE CLOCK GATING  

Latch Based AND Gated Clock circuit is shown in Figure 4. 
The enable signal 'En' is applied through a latch to overcome 

the previous problems of incorrect output in place of directly 

connected to AND gate. The Latch is needed for correct 

behavior, because En might have Hazards that must not 

propagate through AND gate when Global clock is '1'. 

However, the delay of the logic for the computation of En may 

increase and its effect must be taken into account during time 

verification.[2] 

 

 
 

Figure 4: Clock gating using latch-based AND gate circuit [2] 

 

It is clear that counter will take one extra clock cycle delay to 

change its state and after that it will work normally until, En is 

de-asserted and this time also it will take one clock cycle extra 

to stop changing its state .The latch makes it clear that 

unwanted outputs due to Hazards at the En are avoided. When 

the controlling latch is positive and counter is also positive 

edge triggered then output of the counter is incorrect because it 
increments once even when enable is turned down due to a tiny 

glitch. 

III. METHODOLOGY USED 

The basic operation of practical data driven clock gating is 

explained in the following paragraphs. It can be seen that the 

clock of the flip flop can be disabled in the next cycle by 

XORing its output with the present data input that will appear 

at its output in the next cycle. The outputs of k XOR gates are 

ORed to generate a joint gating signal for k 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 (ICG). Such data driven gating is used for 

a digital filter in an ultralow-power design. For the scheme 

studied to be beneficial, the clock enabling signals of the 

grouped FFs should preferably be highly correlated. Figure 5 

shows a practical data-driven clock gating. [1] 

 

 

Figure 5: Clock gating logic [1] 

With an increase in k, the hardware overhead decreases but so 

does the probability of disabling, obtained by ORing the k 

enable signals.  

IV. OSERVATIONS & RESULTS 

Simulation of clock gated circuit is done using Tanner EDA 

software and waveforms are obtained. It is also seen that the 

total power consumption of the circuit using T-spice 
simulation is obtained. Thus for 22 nm technology following 

simulation is obtained. 

 

 
Figure 6: non clock gated circuit 

The above figure contains a number of flip flops which can be 

termed as a small register bank. The flip flops are provided 

with clocks and output is observed. After subjecting the 

schematic to T- spice simulation it is seen that the power 

consumed by the circuit is 13.1 mW. To reduce the power 

consumption the circuit is subjected to clock gated circuitry 
which includes latch based AND gate circuit. The simulation is 

shown in figure 7. The figure below shows that the register 

bank is subjected to additional NAND gates and latches. 

Latches are purposefully used to avoid unwanted signals or 

glitches in the output which might be undesirable. 
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Figure 7: Clock gated circuit 

Simulation is done and output is observed. It seen that 

power consumption in case of gated clock comes out to be 

2.49 mW. 

V. CONCLUSION 

In this project the problem of dynamic power dissipation is 

addressed. It is observed that the dominant source of 
dynamic power dissipation is by unnecessary clocking in 

circuits. A register bank containing D flip-flops subjected to 

clock gating is simulated and its output in the form of 

waveform is achieved. D flip flop is chosen as a basic 

element because of its diverse applications such as in 

combinational circuits, finite state machines, basic storage 

element and registers. The waveform consists of an input 

data, output data and clock. Following are power 

consumption results obtained after T spice simulation. The 

technology used is 22 nm in TANNER EDA software. 

Power consumption of the circuit without clock gating is 
13.4 mW whereas power consumption of the circuit with 

clock gating is 2.49 mW. Thus the total power reduction 

comes out to be 80.99 %. 
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