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Abstract—Circuit Performances in VLSI technology always
depends up on the individual processing elements and the
interconnections in the circuit. Adders are the key elements in
all digital systems which perform addition of numbers. Here
this work focus on performance comparison of existing CMOS
logic and new GDI(Gate Diffusion Input) technology by
designing 4-bit adders such as Ripple Carry Adder (RCA),
Carry Save Adder (CSA) and Carry-lookahead Adder (CLA).
Performance analysis of adders is presented with respect to
layout area, transistor count, number of devices and delays are
discussed. All adders are designed using Tannerv15.2 with 180
nm technology. Simulation results shows that proposed GDI 4-
bit adders are more efficient in terms of area and delay when
compares to CMOS logic.

I. INTRODUCTION

Today most of the processors require a very high-speed
operation. Performance of any circuit can be analyzed by
using speed and delay factors. To speed up the process in
various digital circuits, arithmetic operations such as
addition, subtraction and multiplication are used. There is a
high demand for high performance and low area integrating
circuit design in advanced electronics and communication
technologies. Arithmetic logic unit (ALU) is the main
component in any circuits and networking protocols.

Addition is the massive operation in most of the
processors. Adders are the basic building blocks of many
architectures so in this context approximate adders are
introduced which can reduce complexity of the hardware and
gives efficient energy compared to other adders. 1 bit full
adder gives sum of 3 inputs and a carry value.

In CMOS VLSI design approximate computing (AC)
emerged as a promising technic to drive energy and
efficiency. It can trade of balance between accuracy vs
performance/power.

Here, we are using three adders which supports multiple
bits are Ripple carry adder (RCA), carry save adder (CSA),
carry lookahead adder (CLA).

Gate diffusion technic (GDI) was proposed by
Morgonshtein et al. It is used for designing of low power
circuits which reduces power consumption, area and
propagation delay. A different adder was proposed to satisfy
the increasing demand such as CSA, CLA and RCA using
GDI technique that reduces the area and delay when
compared to CMOS based designs.
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I1.LBACKGROUND
A. Ripple Carry Adder

Ripple carry adder is a combinational logic circuit and a
type of digital adder used to compute the sum of two n-bit
numbers. It contains combination of n number of full
adders according to the no of input bits used. Here each
carry bits gets rippled in to next stage.ie carry out
generated by a full adder serves as carry -in for its next
full adder. It does not allow to use all full adders
simultaneously. RCA can be also called as n-bit parallel
adder. Fig 1 shows the block diagram of RCA adder.
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Fig 1: block diagram of RCA adder

B.Carry save adder

Carry save adder (CSA) is a type of digital adder which is
used to compute the sum of three or more n-bit numbers.
CSA is a combination of full adders and half adders
depending on the number of bits added. It gives output as
two numbers one is set of sum bits and other set is carry bits.
so an n-bit CSA receives 3 n-bit inputs, i.e. x(n-1)....x(0),
y(n-1)....y(0), and z(n-1)...z(0) and makes two results sum
and carry of n-bit, i.e. Sum(n-1)...Sum(0) and Carry(n-
1)....Carry(0) . then, it can be also called as (3, 2) counter.
Figure (2) shows the block diagram representation of a carry
save adder.

Fig 2: block diagram of CSA adder
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C.Carry Lookahead adder

A carry-look ahead adder (CLA) also called as fast adder is a
type of electronics adder used in digital logic. CLA increases
the speed by reducing the time taken to determine carry bits
[2] .The CLA finds further carry bits before the sum. So it
can reduce the time taken to calculate the output of the adder
which has large value bits [3]. Sum of each bits are
designed for each bit by getting carry value from the
previous bits. CLA uses the concept of generating and
propagating carries. Fig 3 shows the block diagram
representation of carry look-ahead adder.
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Fig 3: block diagram of CLA adder

111.GDI TECHNIQUE

Gate diffusion input (GDI) is a technique used for
designing of low-power digital combinatorial circuits. Area
of complexity, propagation delay and Power consumption
are reduced using this technique by reducing the number of
transistors in the circuits, thereby it can maintains low
complexity in logic design [5].The GDI method is
implemented using two transistors for a deep range of
multipart logic design. This method is suitable for the
structure of fast and low power circuit and small area needed
circuits

The basic structure of the GDI resembles similar to the
structure of the CMOS inverter, but there are some main
differences: The GDI basic cell consists of 3 inputs: G
(common gate input of NMOS and pMQS), P (input to the
source/drain of pMQOS), and N (input to the source/drain of
nMOS). 2) Bulks of both nMOS and pMOS are connected to
N or P (respectively), so it can be arbitrarily biased at
contrast with a CMOS inverter. Fig 4 shows the basic GDI
cell.
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Fig 4: basic GDI cell
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By using GDI design any complex function can be make
simple when compared with CMOS based design and
standard PTL [4][5]. In GDI implementation of the OR,
AND gate requires two transistors and OR gate require four
transistors. While noticing the growing challenges of the
digital design it seems to be that GDI technique is more
suitable when compared to other techniques. So this method
is easy to implement, cost effective and are depends on
multi-functional building blocks [6]

IV.PROPOSED DESIGN

Here, the performance and analysis of various adders using
GDI technique has been presented and simulation is done.
The adders executed using GDI method are ripple carry
adder (RCA), carry save adder (CSA) and carry-lookahead
adder (CLA).

A.Ripple Carry Adder

A Ripple carry adder is a concatenation of full adders. Here
each carry out is rippled to the next full adder as inputs. It is
one of the most compact adders which can be used to design
compact adders. By the GDI design we can reduce the area
of the RCA and can reduce propagation delay. GDI based
RCA adder design diagram is shown below in the fig 5.

Fig 5: Schematic of GDI based Ripple carry adder

B. Carry Save Adder

Carry Save Adder (CSA) implements the synchronous adder
of various operands [3]. It is used in different computer
architecture for finding the summation of n-bit numbers and
giving output as sum and carry of these input bits. Using this
GDI technique, it can reduce transistor counts and the area
of complexity [8].The schematic representation of GDI
based CSA is shown on figure 6.

Fig. 6: Schematic of GDI based Carry Save Adder
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C. Carry Look-ahead Adder

The carry-lookahead adder (CLA) determines the carry
bits in advance thereby it reduces the propagation delay.
This adder exhibits three stages a generate /propagation
signal, a carry generator and a sum generator signal. Fig 7
shows the schematic diagram of GDI based Carry-lookahead
adder (CLA).it is realized by the expression
Gi=AiBi for i=0, 1, 2, 3..etc.

Propagation signal can be realized using the expression
Pi=Ai;

Fig. 7. Schematic of GDI based carry lookahead Adder

IV.SIMULATION RESULTS

In this section, the implementation and performance
analysis of the proposed design are carried out. The analysis
is observed at 250 nm technology using Tannerv.15.2. The
performance of all the adders with the new GDI technique is
determined in terms of transistor count and delay. Tanner
EDA tools are used for building integrated circuits. These
tools work on entering schematic, designing SPICE
simulation, to do structural design and to do design rule
checks (DRC) and layout versus schematic (LVS) checks.
There are 4 types of tools in this process:

1.S-edit - a schematic tool
2.T-spice- simulation mechanism which is
combined with S-edit
3.L-edit - a physical design tool to make
layout
4.W-edit - the waveform tool
The adders are compared with both GDI and CMOS based
technique which is shown in Table 1. From this table it is
understood that the performance of the proposed GDI based
circuits is better than the existing CMOS circuits according
to reduced area and delay [10].

Fig 8: Output Waveform of GDI based Ripple Carry Adder
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The output waveform of GDI based Ripple carry adder
is shown in Figure 8. It is found that the noise margin is
less, but when compared to carry look-ahead adder
(CLA) it is more. In this scheme the output logics are
set to logic 0 and logic 1 [11]. Here, three inputs are
given for each bit they are X0Y0Z0, X1Y1Z1, X2Y2Z2
and X3Y3Z3 its outputs are Suml, Sum2, Sum3, Sum4
and Cout.

Fig 9: Output Waveform of GDI based Carry save Adder

The output waveform of GDI based Carry save adder is
shown in Figure 9. It is observed that the noise margin
is less, but when compared to carry save adder (CSA) it
is more. In this scheme the output logics are set to logic
0 and logic 1 [11]. Here, three inputs are given for
each bit they are AOBOCO, A1B1C1, A2B2C2 and
A3B3C3. its outputs are Suml, Sum2, Sum3, Sum4
and Cout.

Fig. 10. Output Waveform of GDI based Carry lookahead Adder

The output waveform of GDI based Carry-lookahead
adder is shown in Figure 10. It is noticed that noise
margin is less but more when compared with proposed
novel adder. In this system the output logics are set to
logic 0 and logic 1. Here, two inputs are given for each
bit, AOBO, A1B1, A2B2 and A3B3. The A and B
values are given to XOR gate and AND gate so the
outputs of it are propagating term P and generating
term G. The output of the CLA is taken as SO, S1, S2,
S3 and Cout.

Fig. 11 represents the graph regarding the performance
comparison of both CMOS and GDI technique. From this
Table 1 it is observed that proposed GDI based adders are
faster and effective when compared to CMOS adders based
on area of complexity and propagation delay.
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Fig. 11. Graph based on Performance Comparisons of GDI and CMOS

TABLE 1: PERFORMANCE COMPARISONS OF GDI AND CMOS ADDERS

CMOS GDI
No. No.
Over Over
Adde | of head Total of head Total
rs Tran Dela Dela | Tra Dela Dela
sistor y nsis y
s Y tors y
RCA 184 5.63 8.1 40 1.92 211
ns ns ns ns
CSA 288 151 461 72 1.10 1.31
ns ns ns ns
CLA 166 1.39 1.69 61 143 | 1.59ns
ns ns ns

From this table shown above it is clear that an adder
designing based on GDI method is more efficient for today’s
challenging electronic circuits. Because this method is well
suited for the low area needed circuits. It is a contribution to
the integrated circuit designers.

V.CONCLUSION

The paper describes about the performance of various
adders using GDI method and observed using tannerv15.2,
using 180 nm technology. The parameters such as area, no:
of transistors and overhead delay have been examined and
compared with the existing CMOS logic method. The
Adders using GDI technique performs well and better when
compared with CMOS technique. Delay of the RCA, CSA
and CLA using GDI method are reduced to 71.58%, 1.24%
and 19.23% when compared to the exiting CMOS logic
design. This technique can also use in multipliers to improve
its efficiency.

ACKNOWLEDGEMENT

Gracious help from many resources have contributed much
to the success of this work. | owe my deepest gratitude to
Mrs.Chinchu M and Mr. Joby James Assistant Professors,
Dept. of ECE, for their encouragement during the entire
period of study. Thank Almighty God for his abundant
blessings upon me in the completion of this work.

LBSITW, POOJAPPURA, TIRUVANANTHAPURAM, KERALA

1

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

REFERENCES

Nidhi Tiwari, Ruchi Sharma, Rajesh Parihar “Implementation of
area and energy efficient Full adder cell,” IEEE International
Conference on Recent Advances and Innovations in
Engineering, May 09-11,2014.J. Clerk Maxwell, A Treatise on
Electricity and Magnetism, 3rd ed., vol. 2. Oxford: Clarendon,
1892, pp.68-73.

J. Wang, S. Fang, and W. Feng, “ New efficient designs for XOR
and XNOR functions o transistor level,” IEEE J. Solid State
Circuits, vol. 29, no. 7,pp. 780-786, Jul. 1994.

Maroju Sai Kumar and Dr. P. Samundiswary, “Design and
Performance Analysis of various Adders using Verilog,”
International Journal of Computer Science and Mobile
Computing, Vol. 2, Issue. 9, pg.128 — 138 September 2013.

K.Anirudh  Kumar Maurya, Y.Rama Lakshmanna,K.Bala
Sindhuri, N. Udaya Kumar, “Design and Implementation of 32-
bit adders using various Full Adders,” International Conference
on Innovations in Power and Advanced computing
Technologies[i-PACT2017].

Kunal and Nidhi Kedia, “GDI Technique: A Power-Efficient
Method for Digital Circuits,” International Journal of Advanced
Electrical and Electronics Engineering, Volume-1, Issue-3,
2012.

Sarada Musala, “Implementation of a Full Adder circuits with
New Full Swing Ex-OR/Ex-NOR Gate,” IEEE 2013, Asia
Pacific Conference on Post graduate Research in Micro
electronics and Electronics.

Divya Soni, Mihir V. Shah, “Review on Modified Gate
Diffusion Input technique,” IRJET Apr-2017.

G. R. Faulhaber, “Design of service systems with priority
reservation,” in Conf. Rec. 1995 IEEE Int. Conf.
Communications, pp. 3-8.

W. D. Doyle, “Magnetization reversal in films with biaxial
anisotropy,” in 1987 Proc. INTERMAG Conf., pp. 2.2-1-2.2-6.
G. W. Juette and L. E. Zeffanella, “Radio noise currents n short
sections on bundle conductors (Presented Conference Paper
style),” presented at the IEEE Summer power Meeting, Dallas,
TX, June 22-27, 1990, Paper 90 SM 690-0 PWRS.

Rajaram, Mrs.K.Vanithamani, “Improvement of Wallace
multipliers using Parallel prefix adder,” Proceedings of 2011
International Conference on Signal Processing, Communication,
Computing and Networking Technologies 2011 IEEE.
E.Abu-Shama and M. Bayoumi, “A novel high-performance
CMOS 1 bit full adder cell,” IEEE Trans.circuitSyst.II,
AnalogDigit. Signal Process., vol. 47, no.5, pp.478-481, May
2000.

Kaarthik K, T.Jayanthi, N.Kanimozhi, L. Kanmani, R.Karthika
“A  Comprehensive Survey on Various Adders and Its
Compaction Result,” International Journal of Pure and Applied
Mathematics, Volume 118 No. 22 2018, 1021-1029.

D. Nayak, D.P. Acharya and K.K. Mahapatra, “Power efficient
design of a novel SRAM cell with higher write ability,” in
proceedings of IEEE\ India Conference (INDICON), pp. 1-6,
Dec.2015.

N.Zhuang and H. Wu, “A new design of CMOS full adder,”
IEEE J. Solid State Circuits, vol.27, no 5, pp. 840-844, May
1992.

J. Wang, S. Fang, and W. Feng, “ New efficient designs for
XOR and XNOR functions o transistor level,” IEEE J. Solid
State Circuits, vol. 29, no. 7,pp. 780-786, Jul. 1994.
E.Abu-Shama and M. Bayoumi, “A novel high-performance
CMOS 1 bit full adder cell,” IEEE Trans.circuitSyst.IL,
AnalogDigit. Sigal Process., vol. 47, no.5,pp.478-481, May
2000.



