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Abstract— As if we saw that the technology comes into the 

nanometer range so that the ground bounce noise and noise 

immunity are becalmed very important factor of comparable 

importance to leakage current, active power, delay and area 

for the design and analysis and the design of complex 

arithmetic logic circuits. In this research thesis we have 

proposed A low leakage 1bit full adder cells for various 

mobile applications with very low ground bounce noise and 

a very good technique has been put forward with improved a 

new staggered phase damping technique for the further 

reduction in the peak of ground bounce noise. We also 

found that the noise immunity is carefully calculated and 

considered so that the significant value of the  threshold 

current and low threshold voltage transition are becomes 

more susceptible to noise. We shows and put forward a new 

transistor resizing approach for 1bit full adder cells to 

determine how to optimize a size of  sleep transistor  which 

reduce the leakage power and ground bounce noise. The 

final simulation results shows that the output forwarded 

design also have a very effective 1bit full adder cells in 

terms of standby leakage power and an active powered, 

ground bounce noise and noise margin. 

Key words: Ground Bounce, Sleep Transistor, DSCH, 

Leakage Current, Micro wind 

I. INTRODUCTION 

As technology scales into the nanometer scale the effect of  

ground bounce noise and noise immunity are becoming 

important factor for  comparable importance of  leakage 

current, active power, delay and area for the analysis and 

design of complex arithmetic logic circuits.[1]An 1bit full 

adder cells are has to be put forward for mobile applications 

which is low leakage characteristic with low ground bounce 

noise and this technique is a  novel technique which  

introduced with new improved staggered phase damping 

factor  technique for further reduction of the peak of ground 

bounce noise due to which and Noise immunity has been 

carefully considered so that significant threshold current of 

the low threshold voltage transition becomes more 

susceptible to noise. 

For mobile applications, design engineers have to 

work within a very tight leakage power specification in 

order to meet objective of battery life and package cost. The 

designer's are very concern for the level of leakage current 

but it is not related to ensuring correct circuit operation, but 

actually it is related to minimize power dissipation. For 

small and portable electronic devices this is used for  

maximizing the battery life. For example, cellular mobile 

phone the cell phone needs to be powered for extended 

periods which is known as standby mode, during which the 

phone is able to receive an incoming call . but they are 

actually active for much shorter periods which is  known as 

talk or active mode, while making a call. When an mobile 

phone or any electronic device is in standby mode, certain 

portions of the circuit, which are active when the phone is in 

talk mode, are shut down. These circuits, however, still have 

leakage currents flowing through them, even though they 

have been de-activated also when the  leakage current is 

much smaller than normal operating current of the circuit. 

The leakage current reduce  the battery charge over the 

relatively long standby time, whereas the operating current 

during talk time only reduce the battery charge over the 

relatively short talk time. As a result, the leakage current has 

a great effect for consuming total battery life. This is why 

designer and me also design a low leakage adder cells for 

mobile applications which is further found of great interest. 

A. Introduction to Adders  

As we know that addition is one of the simplest and 

commonly used operations. The addition of two binary 

numbers is the fundamental arithmetic operation in 

microprocessors, digital signal processors, and data 

processing application-specific integrated circuits. So due to 

which Several addition algorithms have been designed for 

high speed parallel addition, and there is generally a 

balancing factor between speed and area. Hence, binary 

adders are most important for  building blocks in very large-

scale integrated circuits. 

In adders for optimization, the most important 

factor is carry generation. For the implementation of a fast 

adder, the generated carry should be driven to the output as 

fast as possible, so by thereby reducing the worst path delay 

which determines the ultimate speed of the digital structure. 

In the design for timing diagram optimization, a network 

can be optimized either at circuit or logic level. Logic level 

optimization is done by manipulating Boolean equations, 

whereas circuit level optimization can be carried out by 

manipulating circuit topologies and transistor sizes . For the 

optimization for area, care should be taken at the of design  

the building blocks of the structure, which determine the 

area occupied by the architecture and finally it actually 

affect the speed. 

B. Introduction to Ground Bounce 

As the name defines that the ground bounce is seen on very 

high density VLSI circuit where very less precautions have 

been taken to account to give supply at the gate terminal 

with a relatively low resistance connection or greatly 

high capacitance to ground. In that operation, when the 

actually the gate terminal is turned on, the enough current 

flows through the emitter-collector part of the circuit and 

due to this the silicon in the immediate in the vicinity mode 

of the emitter is and it is pulled off high, sometimes by 

several volts, thus by increasing the local ground, as recived 

by the transistor, to a value significantly above the actual 

ground. As compare to this by local ground, the base 

terminal of voltage can go negative, thus by turned off the 

transistor. As the excess local charge reduces, and when the 

transistor turns back on, possibly causing a repeat of the 

phenomenon, sometimes its up to a many bounces. 

http://en.wikipedia.org/wiki/VLSI
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Ground bounce is one of the major regions to of 

"hung" state or meta-stable gates in digital circuit design. 

This happens because the ground bounce actually gives the 

input of a flip flop effectively at voltage level that is neither 

a one nor to be zero at clock time, or causes effects in the 

clock itself. A similar phenomenon may be found on the 

collector side 

 
Fig. 1.1: Circuit explaining ground bounce 

1) Full Adder Optimization 

The internal logic structure shown in Fig 3.1 has been taken 

as the standard circuits in most of the designs developed for 

the 1-bit full-adder module. In this design, the adder module 

is constructed by the three main logical blocks: a XOR-

XNOR gate to obtain A⊕ 𝐵 and A B (Block 1), and 

XOR blocks or multiplexers to obtain the SUM (So) and 

CARRY (Co) outputs (Blocks 2 and 3). 

A comparative detail study to determine the best 

designed for the Block 1 which was presented in, and an 

important conclusion that was pointed out in our work: the 

major problem faced due to the propagation delay for a full-

adder design with the logical structure which is represented 

in Fig.3.1, and it is necessary to obtain an intermediate 

signal A ⊕ 𝐵  and its complement, which are then used to 

drive other blocks to execute the final outputs. Thus, the 

overall propagation delay and, generally the power 

consumption of the full-adder depend on the delay and 

voltage swing of the 𝐴 ⊕ 𝐵 signal and its complement 

generated inside the cell. So, to speed up the operational 

speed of the full-adder, it is compulsory to obtain a new 

logic structure which does not require the generation of 

intermediate signals to control the selection or transmission 

of other signals located on the critical path.[20] 

 
Fig. 3.1: Full-adder cell formed by three main logical 

blocks. 

C. Adder Implementation 

A basic design in digital computing systems is the 1-bit full 

adder circuit which has three one-bit inputs i.e A, B, and C 

and two one-bit outputs (sum and carry). The relations 

between the inputs and the outputs are defined as 

. . . . . . . .sum A B C A B C A B C A B C        (3a) 

. . .carry A B B C C A            (3b) 

 
Fig. 3.4: Full-adder designed with the proposed logic 

structure and a SR-CPL logic style 

a) Conventional adder 

Conventional CMOS Implementation comprises of two 

functional blocks namely pull-up and pull down. The Pull-

up functional block is constructed with the help of P-channel 

MOS transistors and pull-down functional block is 

constructed with the help of N-channel MOS transistors. In 

order to obtain the symmetrical structure (3a) is rearranged 

as (3c) and sum and carry implementation is shown in figure 

3.5[10] 

. . .carry A B B C C A         (3c) 

 
Fig. 3.5: conventional symmetrical CMOS Full Adder 

D. Proposed Full Adder Circuits 

In the recent year, power dissipation has to be becalmed as 

an important factor and considerable direction is to be 

placed on defining the sources of power and approaches to 

deal with the power dissipation. 

Static logic style provides the robustness in 

opposition to the noise effects, so it found automatically 
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gives a reliable operation. An Pseudo NMOS and Pass-

transistor logic can decrease the number of transistors 

needed to design a given logic function. But those suffer 

from static power dissipation. Designing Multiplexers and 

XOR based circuits are very advantageous when we design 

by the pass transistor logic .On the other hand, dynamic 

logic designation of complex function need a small silicon 

area but due to charge leakage and charge refreshing circuit 

are needed which decreases the frequency of operation. In 

general, none of the mentioned styles can compare with the 

CMOS style in robustness and stability [2].Fig.4.1 defines 

that how the conventional adder of 28 transistor designed by 

CMOS style. This is to be found as a Base design 

throughout this research. All comparisons are done by the 

Base design. 

The given CMOS structure having PMOS pull up 

and NMOS pull down networks to give considered outputs. 

And the transistor sizes are specified as a ratio of 

Width/Length (W/L). The size of transistor defines a key 

role to found in static CMOS style. It is to be found that in 

the conventional given adder circuit that the ratio of 

transistor size used of PMOS to NMOS is 2 for an given 

inverter and remaining blocks as followed by the same ratios 

when we considered the remaining blocks and an equivalent 

inverters. This ratio does not give best  founded results with 

respect to the noise margin and the standby leakage power 

when it is designed in 90 nano meter process. Modified 

adder circuits with sizing are proposed in Design1 and 

Design2 defining the noise margin, and ground bounce 

noise. 

Further, power gating technique is used to reduce 

the leakage current power, where a sleep transistor is 

connected between actual ground circuit and actual circuit 

ground. Ground bounce noise is being founded when the 

circuits are connected with a sleep transistor. And the actual 

the peak of ground bounce noise is achieved with a 

proposed novel technique [1]. 

Modified sizing are defined in Fig.4.2 and Fig.4.5 

respectively. The smallest transistor considered for 90nano 

meter technology has a width of 120nano meter and a length 

of 100nano meter and gives W/L ratio of 1.2. The W/L ratio 

of NMOS is fixed at 1.2 and W/L of PMOS is 3.8 which 

is3.1 times that of NMOS in Design1. The sizing of each 

block is based on the following assumption. 

 
Fig. 4.1: Conventional CMOS full adder. 

Base design is found to be as individual block as 

shown in Fig. 4.4. Each block has been treated as an 

equivalent inverter. The exact inverter ratio is maintained on 

each block. These sizing will reduce the standby leakage 

current greatly because for a transistor the sub threshold 

current is directly proportional to the Width/Length ratio. 

On the other hand side, these reduced sizes will reduce the 

area occupied by the circuit. This will reduce the silicon 

chip area and obviously there will be a reduction in the cost. 

The new Modified adder circuit namely a Design2 

shown in Fig. 4.5, it has the W/L ratio of PMOS is 1.5 times 

more than that of W/L ratio of NMOS and each block has 

been treated as an equivalent inverter. The same inverter 

size has been maintained on each block as shown in the Fig. 

4.4. The main aim of this design is to reduce the standby 

leakage power. Further compared to the Base design and 

Design1 and ground bounce noise developed when a circuit 

is connected to sleep transistor. However, there will be a 

slight variation on the noise margin levels and is almost 

equal to the Base design [14]. 

 
Fig. 4.2: Proposed Full Adder (Design 1) circuit with sleep 

transistor 

E. Ground Bounce Description  

Ground Bounce actually the one of the main causes of very 

false switching in high speed components and is a the major 

cause of quality of very poor signal. While the ground 

bounce is easily measured on CMOS components, an exact 

measurement is found to be elusive on bipolar or BiCMOS 

components. For the defined components having bipolar or 

BiCMOS output structure, any test result obtained through 

standard ground bounce tests will be several hundred 

milivolts low. This is due to the inability of these 

components to hold a solid logic low level with low 

impedance. 

The presentable characteristic of Vcc voltage 

bounce is very less troublesome than ground bounce, but 

actually it has to be found that we  will have a greater effect 

as Vcc voltage levels drop to 3.3V, 2.5V and lower than that 

volt. Vcc volt bounce is easily measured only single 

components that have a CMOS circuit swing output. Since 

there is no exactly direct  
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Fig. 4.3: Equivalent Circuit for Design 1 

 
Fig. 4.4: Equivalent Circuit for Design 2 

connection to Vcc voltage and in any component 

except components having CMOS style swing outputs, the 

measurement of Vcc voltage bounce is not directly possible 

in many standard logic families [15]. 

Ground Bounce is a voltage oscillation between the 

ground pin on a component package and the ground 

reference level on the component die. specially it is formed 

by a the current increases suddenly which passing through 

the front inductance of the package. This effect is most 

pronounced when all outputs switch simultaneously, (hence 

the alternate name, Simultaneous Switching Noise). 

 
Fig. 4.5: Proposed 1 bit Full Adder (Design 2) Circuit with 

sleep transistor 

1) Noise margin 

The occurred noise margin is measured by the voltage 

transfer characteristic of a circuit. And the Sweep waveform 

varying from 0 to 1 with the incremental change of 0.001 

volts and it has been given to one of the input defined as S 

and at the different DC values are given to remaining inputs 

shown in the Table I. The occurred values of VTH, VIL, VIH 

can be find out by the obtained DC transfer characteristic of 

the circuit. As shown in the Table II and III,  the occurred 

noise margin of Design1 is compared with the to the Base 

design and switching threshold voltage levels are almost 

tends to VDD / 2 i.e.0.5 and the noise margin levels of 

Design2 are comparable to the Base design. 

Input vector 

Base Design Design1 

VTH 

(V) 

VML 

(V) 

VMH 

(V) 

VTH 

(V) 

VML 

(V) 

VMH 

(V) 

S00 0.53 0.50 0.45 0.47 0.44 0.50 

S01 0.51 0.50 0.48 0.48 0.47 0.51 

S10 0.52 0.51 0.46 0.52 0.51 0.48 

S11 0.53 0.50 0.44 0.53 0.50 0.44 

0S0 0.51 0.48 0.46 0.48 0.46 0.49 

0S1 0.49 0.48 0.49 0.50 0.49 0.49 

1S0 0.51 0.49 0.46 0.49 0.49 0.50 

1S1 0.51 0.49 0.46 0.52 0.49 0.50 

00S 0.50 0.47 0.47 0.50 0.48 0.47 

01S 0.47 0.45 0.52 0.48 0.47 0.52 

10S 0.50 0.47 0.47 0.48 0.47 0.52 

11S 0.50 0.47 0.47 0.50 0.47 0.47 

Table 2: Noise Margins for Base Case & Design1 

Input vector 

Base case Design2 

VTH 

(V) 

VML 

(V) 

VMH 

(V) 

VTH 

(V) 

VML 

(V) 

VMH 

(V) 

S00 0.53 0.50 0.45 0.47 0.44 0.49 

S01 0.51 0.50 0.48 0.44 0.45 0.57 

S10 0.52 0.51 0.46 0.45 0.47 0.56 

S11 0.53 0.50 0.44 0.52 0.54 0.52 

0S0 0.51 0.48 0.46 0.46 0.48 0.59 

0S1 0.49 0.48 0.49 0.41 0.40 0.58 

1S0 0.51 0.49 0.46 0.43 0.42 0.56 

1S1 0.51 0.49 0.46 0.49 0.47 0.47 

00S 0.50 0.47 0.47 0.43 0.47 0.60 

01S 0.47 0.45 0.52 0.41 0.40 0.58 

10S 0.50 0.47 0.47 0.41 0.41 0.42 

11S 0.50 0.47 0.47 0.48 0.51 0.55 

Table 3: Noise Margins for Base Case & Design 2 

2) Active Power 

The actual power consumed by the circuit when the circuit 

works in active state. Active power is measured by 

providing the inputs vectors and by calculating the average 

power dissipation at the same time. This is to be defined as 

simulation time and actual calculated active power is 

50nano second. Input vectors have been given in such a way 

that it covers almost all input vector combinations. The 

same vectors and simulation time has been given to Base 

design to compare this results. The accrued active power 

includes dynamic power as well as well as the static power 

so it is being named as an active power. 

As shown in the Table. IV both Design1 and 

Design2 active power is greatly and sufficiently reduced as 

compared to the Base design. This reduction is almost 

40.49% and 63.87% in case of Design1 and Design2 

respectively compared to the Base design. 

Design name Base design Design1 Design2 

Active 

power(μW) 
3.488 2.076 1.261 

Table 4: Active Power Dissipation of 1-Bit Full Adder Cells 
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3) Standby leakage Power 

Accrued Standby leakage power is measured when the 

circuit working in the standby mode. And connected Sleep 

transistor in  the pull down network of 1 bit full adder 

circuit. Sleep transistor become turned off  by giving an 

input of  0V. For simplicity, the size of a sleep transistor is 

equal to the size of largest transistor in the network (pull up 

or pull-down) and it is connected to the sleep transistor. The 

sleep transistor size in Design1 and Design2 is reduced due 

to the resizing of the adder cells in proposed circuit. Standby 

leakage power is measured by providing different input 

combinations to the circuit. Standby leakage is greatly 

reduced in both Design1 and Design2 as shown in Fig. 4.1. 

In case of Design1 reduction in standby power is about 82% 

and in Design2 it is about 84% for all input combinations. 

 
Fig. 5.1: Comparison of standby leakage power with 

different input combinations of three designs. 

4) Conventional CMOS Adder 

 
Figure 5.2 Schematic Layout of conventional Full Adder 

 
Fig. 5.3: Layout of conventional Full Adder 

 

 
Fig. 5.4: Timing diagram of conventional Full Adder 

 
Fig. 5.5: Voltage and current graph of conventional Full 

Adder 

5) Proposed Full Adder (Design 1) 

 
Fig. 5.6: Schematic Layout of Proposed  Full Adder (Design 

1) 

 
Fig. 5.7: Layout of Proposed Full Adder (Design 1) 
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Fig. 5.8: Timing Diagram of Proposed Full Adder (Design 

1) 

 
Fig. 5.9: Voltage Current graph of Proposed Full Adder 

(Design 1) 

F. Proposed Full Adder (Design 2) 

 
Fig. 5.10: Schematic Layout of Proposed Full Adder 

(Design 2) 

 Fig. 5.11: Layout of Proposed Full Adder (Design 2) 

 
Fig. 5.12: Timing diagram of Proposed Full Adder (Design 

2) 

 
Fig. 5.13 Voltage and Current graph of Proposed Full Adder 

(Design 2) 

1) Area 

The layouts are used to calculate the areas of proposed 

designs. The parasitic have been considered in the designs. 

Layouts (90nm) of proposed full adder circuits (Design1) 

and (Design 2) are shown in Fig.4.7 and Fig 4.11. Area is 

reduced 55.43% and 72% in Design1 and Design2 

respectively comparing to the Base design and is depicted in 

Table 5. 

Design 

name 
Base Design Design1 Design2 

Area (μm2) 1.75 0.78 0.49 

Table 5: 

II. CONCLUSION  

Low leakage 1 bit full adder cells are proposed for mobile 

applications with low ground bounce noise. Noise immunity 

has been carefully considered since significant threshold 

current of the low threshold voltage transition becomes 

more susceptible to noise. By using the proposed technique 

leakage power is reduced by 82 %( Design1), 84% 

(Design2) in comparison to the conventional adder cell 

(Base case). Ground bounce noise is reduced about 1.5 times 

and 3 times in Design1 and Design2 respectively compared 

to Base case. Further, using the proposed Novel technique 

the ground bounce noise is reduced to about 4.5 times in 

three designs (Base Case, Design1, Design2) compared to 

without applying the technique. Area is reduced by 55.4% in 

(Design1), 72% (Design2) in comparison to the Base case. 

Active power reduction is reduced by 40.48% (Design1), 
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63.38% (Design2) in comparison to Base case. Noise 

immunity of proposed full adder cells are comparable to the 

conventional adder cell (Base case). The proposed novel 

technique has been introduced with improved staggered 

phase damping technique for further reduction in the peak of 

ground bounce noise and overall power mode transition 

noise. 

III. FUTURE SCOPE 

In the coming 10 years, desktops will be replaced 

completely with mobile, and then all the applications will be 

designed mainly for mobile. The demand for mobile based 

trained engineers is increasing every year. Now after the 

launch of ipad by Apple, it will be even more. Therefore; the 

next generation technology will be nothing else than mobile. 

The demand is expected to grow 70 folds in the coming 4 

years. 

With more than 1 billion Smartphone worldwide, 

and tablets numbering in the hundreds of millions, the scope 

of the mobile revolution rivals that of the move from 

monolithic systems to client/server computing in the 1990s. 

As in that period, we're now seeing massive changes to 

application architecture as companies modernize the way 

they build applications. Modern applications require 

multichannel clients, elastic infrastructure, and elastic 

licensing; they're composed of multiple service endpoints 

that are provisioned by developers with direct customer 

feedback on their convenience 

For mobile applications, very tight leakage power 

specification in order to meet product battery life and 

package cost objectives. 

It ensuring correct circuit operation, and it is 

related to minimize power dissipation. 

For portable electronic devices this equates to 

maximizing battery life.  

Mobile phones powered for extended periods 

(known as standby mode, during which the phone is able to 

receive an incoming call), but are fully active for much 

shorter periods (known as talk or active mode, while making 

a call). 
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