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Abstract – In this work a floating point (FP) adder is design 

with reduce area and low power pass transistor dynamic 

logic is proposed. The design logic has been design using 50 

nm technology on Microwind layout simulator. Compared to 

a conventional adder with this architecture, the proposed 

unified architecture can reduce the hardware resources. The 

two 4 bit FP adder are pipelined to for 8 bi FP adder  . The 

limitation of carry propagation in parallel adder with speed 

trade off is overcome with this architecture. The layout 

design by dynamic CMOS logic optimizes the area in term of 

number of transistors with the comparison of conventional 

adder logic.  
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I. INTRODUCTION 
 

Addition is the frequently use operation in arithmetic 

operations of microprocessors. The carry propagation 

adder called as parallel adder is mostly used for arithmetic 

and logical operations. The carry propagated in parallel 

adder will reduce the speed of operation. As the 

requirement for high speed performance microprocessors 

raise, it arise the need to enhance the performance of 

arithmetic and logical units in order to increase speed with 

area optimization. In literature survey there is many High-

speed adder architectures available such as  carry look-

ahead (CLA) adders, carry-skip adders (CSA), carry-select 

adders (CSA), conditional sum adders , and structural 

combinations of these adders.  Also mostly use adder for 

its feature of less area is a serial adder.  For the power 

optimization purpose adder is design using transmission 

gate. As transmission gate base design requires few 

transistors and it avoids the stray capacitances which 

reduce the power consumption.  

In this paper a transmission gate base logic is design 

using 50nm CMOS technology. By cascading these adder 

circuits, a 4 bit and multi bit adder is design. A cascaded 

structure is design for multiple bit addition logic. A 4-bit 

adder module is connected to other 4-bit adder module to 

design higher bit adders, and the more optimization 

enables the design to expand into 32-bit, 48-bit or 64-bit 

with little overhead. Transmission gate can be act as a low 

resistance switch and capacitance. Its Dc characteristics 

are independent on the input level hence it belongs to the 

ratio less logic family. The size of CMOS transistors is 

changes with the change of channel length and channel 

width (W/L) ratio. It also depends on the parasitic 

resistances and capacitances. Use of transmission gate in 

design reduces the size of transistor.  The basic structure 

of transmission gate base logic constitutes of multiplexer 

logic.  

 

II. RELATED WORK 
 

Zaher Owda, Costas Efstathiou design carry look ahead 

adder on 90nm technology using machester carry chain 

adder logic. A 8 bit CLA is design using two independent 

4-bit carry chains. Ali K. Horestani design the high speed 

full adder with optimze area on 0.18μm CMOS technology 
with 1.8v power supply. This work gets the propagation 

delay of 2.02ns with 7.8% of speed improvement. The 

design can be implemented with 10% reduction in number 

of transistors with 2.1% of power reduction. 

Speed Trade off due to Carry Propagation 
The speed limitation of parallel adder due to the path 

delay of carry propagation and area trade off is the well 

known problem. The basic logic cells design by 

transmission gate is area optimized. As the XOR logic 

gate design using CMOS logic requires about 22 transistor 

whereas the XOR gate design using transmission gate 

requires about 8 transistors. It also avoids the formation of 

stray capacitances which is the base power and arear 

optimization. In parallel adder , all full adders are 

cascaded. Thus every succeeding adder has to wait for the 

carry out of the previous full adder output carry. The basic 

building blocks in this adder is the PG generator, carry 

generator and sum generator. 

 

III. TRANSMISSION GATE 
 

Transmission gate is a switch design using  NMOS and 

PMOS transistors both with drain to drain and source to 

source end connection. This switch is having low 

resistance with Dc characteristic is independent on input 

level. The source end of NMOS and source end of PMOS 

is connected to input terminal and drain end of NMOS and 

drain end of PMOS is connected to output terminal.  Both 

transistors are turn On and turn off at a same time by 

enable "en" signal connected to one transistor and its 

complemented logic is connected to another transistor 

through inverter. Whenever input is strong '1 then it 

transmit towards output through PMOS and whenever 

input is strong '0' then it transmits through NMOS. The 

size of channel length (L) and channel width (W) of 

transistor is adjusted as the resistance decreases and 

capacitance increase as the W/L ratio is increased. 
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Fig. 1. Symbol of transmission gate. 

 

The transmission gate design using NMOS and PMOS 

transistors which are called as pass transistors. The worst-

case delay of a chain of pass transistors can be modelled 

by the linearized RC network. The linearized on-resistance 

of the transmission gate is determined, and is represented 

by a resistor. The linearized diffusion capacitance is also 

determined for each transistor.  

 
Fig. 2. Transmission Gate Schematic. 

 

Fig 1 shows the symbolic representation of transmission 

gate. and fig 2 represents the NMOS and PMOS transistor 

connected to input and output terminal through enabler 

"en" signal. When the en='1' then both transistors are turn 

On and the input is transmitted towards output. Otherwise 

the output remains same as the enable signal turn OFF 

both the transistors. Fig 3 represents the RC delay model. 

 
 

Fig. 3. RC delay model for transmission gate chain. 

 

The propagation delay is calculates as: 

Td = 0.69∑ �  �=1  ∑ �  =1  

td = 0:69(C1R1 + C2(R1 + R2) + C3(R1 + R2 + R3))  

........................................  Equation I 

 

Decrease in the resistance of the first transmission gate 

in the series will also raise  its diffusion capacitance, so 

clearly, to a first-order approximation, increasing the 

channel width of a transmission gate does not alter the 

delay at all. Increasing the channel width of a transmission 

gate will also increase the gate capacitance which will 
load the select signal, S, more heavily. Based on the logic 

above, we can infer that to design for low power, the 

transmission gates should be made as small as possible. 

Minimizing the resistance of the first transmission gate 

in the chain will also increase its diffusion capacitance, so 

clearly, to a first-order approximation, increasing the W of 

a transmission does not change the delay at all. Increasing 

the W of a TG will also increase the gate capacitance 

which will load the select signal, S, more heavily. Based 

on the logic above, we can infer that to design for low 

power, the transmission gates should be made as small as 

possible. And to design for high performance, the first 

transmission gate in the chain should be made larger than 

the second transmission gate. 

 

IV. TRANSMISSION GATE BASE  HALF-ADDER 
 

Digital Half adder logic is design with four transmission 

gate and two NOT logic gate is shown in fig 4. The 

Boolean equation for half adder shows the XOR logic for 

addition and AND gate for carry generation logic. The 

total 6 NMOS transistors and 6 PMOS transistors are 

require to design this half adder logic.  

 

      SUM S = A B  +  A B   

      CARRY C = A B 

 
Fig. 4. Transmission Gate Base  Half-Adder 

 

The optimization of design constraint such as area and 

power dissipation is possible at CMOS layout design on 

deep sub micron technology. The conventional CMOS 

logic base half adder is design using 6 transistors for AND 

logic gate and 14 transistors for XOR logic gate. Thus 20 

transistors are require to design conventional half adder 

logic. The transmission gate are AND logic gate requires 6 

transistors and XOR gate requires 8 transistors.  Thus total 

14 transistors are require to design transmission gate ase 

half adder. This reduces the transistor requirement which 

in turn reduces area of design. This overcomes the area, 

delay and power trade off in great extend.  

4.1 Transmission Gate Bas Full Adder 
The conventional full adder logic is design with two half 

adder and one OR logic gate. It comprises of 46 

transistors.  That of adder design using transmission gate 

logic requires 30 transistors.  A full adder design is an 

arithmetic circuit block with three inputs and two outputs 

(SUM and a CARRY). For N it addition it requires N 

number of full adders. Let us recall the procedure for 
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adding larger binary numbers. We begin with the addition 

of LSBs of the two numbers. We record the sum under the 

LSB column and take the carry, if any, forward to the next 

higher column bits. As a result, when we add the next 

adjacent higher column bits, we would be required to add 

three bits if there were a carry from the previous addition. 

We have a similar situation for the other higher column 

bits also until we reach the MSB. A full adder is therefore 

essential for the hardware implementation of an adder 

circuit capable of adding larger binary numbers. A half-

adder can be used for addition of LSBs only.  

 
Fig. 5. Transmission Gate and Bypass logic Base Full 

Adder 

 

The full adder of the type described above forms the 

basic building block of binary adders. However, a single 

full adder circuit can be used to add one-bit binary 

numbers only. A cascade arrangement of these adders can 

be used to construct adders capable of adding binary 

numbers with a larger number of bits. For example, a four-

bit binary adder would require four full adders of the type 

shown in Fig……………. to be connected in cascade. 
4.2 Parallel Adders 

Parallel adders also called as ripple carry adder are 

digital circuits that perform the addition of two binary 

strings of equivalent or different size in parallel. The 

parallel adder is design by series connection of  full adders 

(FA) blocks. Each  full adder adds  two binary digits at 

any stage of the ripple carry. The carryout of one stage is 

fed directly to the carry-in of the next stage. Fig 1 shows 

an example of a parallel adder: a 4-bit ripple-carry adder. 

Each bit addition creates a sum and a carry out. The carry 

out is then transmitted to the carry in of the next higher-

order bit. The final result creates a sum of four bits plus a 

carry out (Sc4). 

 
Fig. 6. Parallel Adder: 4-bit Ripple-Carry Bypass Logic 

Adder Block Diagram 

 
Fig. 7. Transmission Gate  base Parallel Adder 

 

The major limitation of the parallel adder is that the 

delay increases linearly with the bit length. As mentioned 

before, each full adder has to wait for the carry out of the 

previous stage to output steady-state result.  

 
Fig. 8. CMOS layout for four bit adder subtractor logic 

consist of addition and subtraction logic 

 

 
Fig. 9. Voltage verses time simulation of four bit adder-

subtractor   for Addition operation 
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Fig. 10. Voltage verses time simulation of four bit adder-

subtractor   for subtraction operation 

 

V. CONCLUSION 
 

The circuits is  simulated in microwind 3.1 using 50nm 

CMOS technology. A transmission gate base design is an 

analog switch controlled by logic signals. It uses N and P 

type MOS transistor. Transmission Gate is a high-quality 

switch with low resistance and capacitance.  Sizing is also 

not necessary in general, as the resistance and capacitance 

decrease and increase respectively as the gate W/L ratio is 

increased. TG is commonly used to implement designs 

with the minimum number of transistors. In this work the 

conventional adder using full adder circuits is designed. 
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