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Abstract: VLS| technology become one of the most significant The simulation is carried by the software tool cadence
and demandable because of the characteristics like device yirtuoso EDA tool. The evaluation is carried out severa
portability, device size, large amount of features, expenditure, times to verify the proposed method is better than the

consistency, rapidity and many others. Multipliers and Adders - s .
place an important role in various digital systems such as  Prévious existing methods. The repose of the paper is as

computers, process controllers and signal processorsin order o~ follows. In section 11 analysis of the XOR and XNOR gates
achieve high speed and low power. Two input XOR/XNOR gate ~ With different circuits and section 111 consisting of the novel
and 2:1 multiplexer modules are used to design the Hybrid Full full swing XOR and XNOR gates are proposed. Section 1V
adders. The XOR/XNOR gate isthe key punter of power included  provides the advantages of proposed methods over the other
in the Full adder cell. However this circuit increases the delay, investigated methods and comparing the resultsin the section

area and critical path delay. Hence, the optimum design of the g - . )
XOR/XNOR is required to reduce the power consumption of the V and finally concluding the resultsin section V1.

Full adder Cell. So a 6 New Hybrid Full adder circuits are
proposed based on the Novel Full-Swing XOR/XNOR gates and a [I. ANALYSISOFCIRCUITS
New Gate Diffusion Input (GDI) design of Full adder with
high-swing outputs. The speed, power consumption, power delay A. XOR-XNOR Gates
product and driving capability are the merits of the each proposed XOR/XNOR and 2 to 1 multiplexer are the two modules
circuits. Thiscircuit simulation was carried used cadencevirtuoso  jncluded in the design of Hybrid FAs.In the FA cell, the most

EDA tool. The simulation results based on the 90nm CMQOS power consumer is XOR/XNOR gate. The optimum design of

processtechnology model. the XOR/XNOR gate will reduce the power consumption of
Keywords: Full adder(FA), GDI, VLSI, Full-Swing, CMOS. the FA cell.In the design of digital circuits, the XOR/XNOR
gate has also many applications. Fig. 1 shows few examples

I. INTRODUCTION of the most efficient of the many proposed circuits to

In the present world everyone was busy with the electronic ~ IMplement XOR/XNOR gate. This structure has eight
devices which must available for the long working hoursand ~ transistors. The grltlcal path of the_ circuit incl gd&s two high
taking it as serious consideration regarding power saving. As ~ Power consumption NOT gates which is the main problem of
the population is growing rapidly the usage of battery operate this circuit as the output capacitance must be drlven_ by the
devices are also increased, so that the designing of the ~NOT gates. The lower critical path delay can be obtained by
electronic devices with more number of chips, complexity the incrementing thesze_of the transistorsin the NQT gates.
and number of transistorsin achip and power consumptionis !N addmon,_ the intermediate node with Igrge capacitance is
also growing.The most commonly unit in the circuitsis full ~ Créated which means the NOT gates drives the output of
adder which used for performing arithmetic operations such ~ Circuit i.e. pass transistor or TG. Consequently the short
as multipliers, compressors, large adders. So to reduce the ~ CIrcuit power and the total power dissipation of the circuit are
power consumption problem in all the electronic devicesone ~ Extensively increased. The critical path delay will increased
can reduce it by the reduction of power in the full adders N theoptimum PDP situation slightly.
because it is available in &l the electronic devices so which six new FA circuits are existing in this work used for
reduce the power consumption of whole system. The basic ~ Various applications. The proposed XOR/XNOR or
structure of the full adder consists of the XOR/XNOR gates ~ Simultaneous XOR-XNOR circuits are used to design the six
which are the main cause for power consumption.In this  tyPesof hybridfull adder circuitswith different typesof logic
paper the basic gates for the design of full adders are of novel styl_es. _The Four-transitor 2-1 multilplexer isalso used in the
full swing category and the design is of aNew Gate Diffusion ~ designing of hybrid full adder structure. These 2-1 MUX

Input (GDI) with high swing output and less area. does not have stactic and short -circuit power dissipation

because this circuit is designed by using TG (tansmission
Revised Manuscript Received on October 30, 2020. gate logic style ).The power consumption and delay of
* Correspondence Author HFA-20T and HFA-19T are greater than that of HFA-22T

L akshmi Jyothi ChallaB. Tech in ECE from INTUK. Pursuing M. Tech
(VLS Design) in Shri Vishnu Engineering College for Women, and HFA-19T.
Bhimavaram, India

S Hanumantha Rao, Assistant Professor in Electronics&
Communication Engineering College for Women, Bhimavaram, India

© The Authors. Published by Blue Eyes Intelligence Engineering and
Sciences Publication (BEIESP). Thisis an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Retrieval Number: 100.1/ijitee.L 79921091220
DOI: 10.35940/ijitee.L7992.1091220
Journal Website: www.ijitee.org 323

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication



https://www.openaccess.nl/en/open-publications
http://www.ijitee.org/
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijitee.L7992.0891020&domain=www.ijitee.org

Novel Design of L ow-Power High-Speed Hybrid Full Adder Design using Gate Diffusion Input (GDI)
Technique

=

A Plg Al
NLOB IS
T

L A

B

mo "3
ol 1 :.|-|A P4’\:|
N2 BNq
imd

(a) (b)
Fig.1.(a) and (b)The Full swing XOR/XNOR gate circuits

XOR
»

N5 Am-IN4 -
BN XNORB®™ NS XNOR
AmT AT
(c) (d)

Retrieval Number: 100.1/ijitee.L 79921091220
DOI: 10.35940/ijitee.L7992.1091220

Journal Website: www.ijitee.org 324

Fig.2.(c)-(g9)The Full swing XOR-XNOR gate circuits

The full-swing XOR/XNOR gate in which each made of
six transistors is the another example as shown in Fig. 1(b).
Compared to the circuit shown in Fig. 1(a), this circuit is
designed on the basis of PTL logic style and the power
consumption and delay are best. The usage of NOT gate on
the critical path of the circuit is the only problem of this
structure. The XNOR circuit has more delay than XOR gate
asshowninFig. 1(b). NOT gateswith NMOStransistor (N3)
are included in the critical path of the XOR circuit, but the
NOT gates with PMOS transistor are included in the critical
path of XNOR (NMOS transistor is faster than PMOS).
Therefore, the size of NOT gates and PMOS transistor (P5)
should not be increased to improve the speed of the XNOR
circuit.

B. Simultaneous XOR-XNOR Circuits

The simultaneous XOR/XNOR circuit is widely used in
the recent years for the hybrid FA structures where the
XOR-XNOR signals are connected as select lines to the
inputs of 2-1 MUX so that the FA output nodes glitches must
be avoid by using the two simultaneous signals with the same
delay. The simultaneous X OR-XNOR circuit as an example
depicted in Fig. 1(C). The circuit has been designed by using
ten transistors which is based on the CPL logic style. To
recover the output-level voltages two PMOS transistors are
connected to as cross coupled and the outputs are driven by
only NMOS transistors. The size of the transistors should be
increased so as to mitigate the imposed delay and this further
reduces the problem of having feedback increasing the delay
and short circuit power of the XOR/XNOR structure.

Existence of two NOT gates in the critica path is
considered as another disadvantage of the structure. Thelogic
‘0> is passed via N2 transistor to XOR output and the
transistors N3, N4 and N5 areturned OFF when theinputsare
AB =00 in the Fig. 1(d). the transistor P3 helpsto charge the
XNOR output to VDD because of the logic ““0” on XOR. So
that this circuit is having larger critical path than that of the
circuit in Fig. 1(c). When the input is changed from AB = 01
to AB = 00 then the short-circuit current will be passed
through it. Logic ““0’’ is passed through the transistor N4 to
XNOR output and logic ““1°’ is passed via transistors N2, N3
and P2 to XOR output when the inputsare AB = 01 and when
changed to AB = 00 except transistors N2 and P2 all
transistors will be turned OFF.
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Hence from the transistors P2 and N2, the short circuit
current will passto the remaining transistors. The outputs of
XOR and XNOR does not changes and also the short circuit
current will continue to be drawn from VDD if the amount of
current sinking from the transistor is less than the amount of
current being sourced from the transistor P2. The proper
functioning of the circuit isimpacted by the change of inputs
AB = 11 to AB = 10 and the same situation occurs. The
ON-state resistance of the transistors Pw and P3 must be
greater than the transistors N2 and N5 (RP2 > RN2, RP3 >
RNS5) correspondingly to ensure the proper operation of the
circuit. The circuit operation is altered if the transistor is
changed and also this structure is very sensitive to process
variation. Fig. 1(e) depicts the proposed full swing
XOR-XNOR gate with only six transistors asin [7] and [13]

When the input is AB = 00, 11 then the two
complementary feedback transistors N3 and P3 retains the
weak logic in XOR and XNOR output nodes. The output
reaches its final voltage value in two steps when the inputs
changes from AB = 01, 10 to AB = 11, 00 and in addition to
this the circuit suffers from the high worst case delay. The
logic ‘1"’ is passed through the XOR output transistor N2
and the logic ‘0’ is passed through the XNOR output
transistor P2 to clarify the issue when the inputs equal to AB
= 10. XOR node is initialy at high impedance indicates the
transistors P1 and P2 are in OFF state when the input modeis
change to AB = 11, this further passes weak logic “‘1”’
(VDD-Vthn) to the XNOR output through the transistors N1
and N2. The feedback transistor N3 is turned because of the
weak logic ‘1’ on the XNOR which further pull down the
XOR output to weak logic ‘0’ yields the feedback transistor
P3 to be turn ON. To overcome the issues in the negative
feedback, positive feedback is made which finally make the
XOR and XNOR outputs to have strong logic ‘1’ and logic
‘0’ correspondingly and slow reaction predicament is inferior
in the low voltage operation.

T

Fig.2. (a) Non full-swing XOR/XNOR gate (b) Modified
full-swing XOR/XNOR gate.
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(d) 1 (e)

Fig.2. (c) RC model of proposed XOR for AB = 10. (d) RC
model of proposed XOR for AB =11. (e) Modified
XOR-XNOR gate.

The short circuit current increases [the short circuit current
passes through the circuit when one of the outputs of XOR or
XNOR has high impedance and the feedback not acted
properly]. The operation of the circuit may vary if the
transistor size in the circuit is not selected properly. Thus
process-voltage-temperature (PVT) variations made the
structure most sensitive. A new structure of the simultaneous
XOR-XNOR gate have been proposed by Chang et a in [18]
shown in the Fig. 1(f) by improving the 6T XOR-XNOR
circuitin Fig. 1(e). To solvethe problemslike slow response
and low voltage supply operation as in the Fig. 1(f), two
NMOS transistorsfor AB = 11 and two PMOS transi stors for
AB = 0 are included to the outputs of XOR and XNOR
respectively. Good driving capability, full swing output, and
robustness against transistor sizing and supply voltage
scaling, al these parameters made the structure more
advantageous.  The structure of feedback is the main
problem in this circuit which changes the XOR and XNOR
output nodes with extra parasitic capacitance. Hence there is
significant increase in the delay and the power consumption
of the circuit. The structure in the Fig. 1(e) is improved as
shown in Fig. 1(g) in which, the circuit speed is increased by
inclusion of aNOT gate so that it is having better speed than
thecircuit in Fig. 1(e). Because of thisthe transistors N5 and
P5 have the path from GND or VDD to the output nodes in
two states of inputs AB = X1 for N5 transistor and AB = X0
for P5 transistor. There is only one same path for only one
state of inputs AB = 11 for transistor N4 and AB = 00 for
transistor P5 in the circuit of Fig. 1(e). The power
consumption of the circuit increased dueto the creation of the
intermediate node with a large capacitance because of the
addition of aNOT gate. Consequently, the circuit in Fig. 1(g)
has more power consumption than the circuit in Fig. 1(e).
Two simultaneous XOR-XNOR gates are formed by the
combination of two XOR and XNOR circuits depicted in Fig.
1(a) and Fig. 1(b). The advantages and disadvantages of these
new structures are similar to their XOR/XNOR circuits.
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I11. PROPOSED METHOD

This section gives the details regarding the proposed low
power full adder with a new logic approach and then
illustrated the proposed full adder

A. Proposed Full Adder Cell Circuit (Ss10t):

The proposed Gate Diffusion Input (GDI) cell is as shown
in Fig. 3 and this intellect design is more flexible for digital
circuits. The power dissipation is optimized by this method
and also the transistor count is reduced. The unique
advantages of the GDI technique are tow transistor
implementation of complex logic functions and under certain
conditions in cell swing restoration within existing low
power design techniques. The figure shows the XOR gate
using GDI technique. Using small number of devices, most
logic functions can be implemented.
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Table- | :Truth tablefor GDI XOR gate
A B Out
0 0 Vip
0 1 Vdd
1 0 Vdd-Vin
1 1 0

From the Table 1 it can be observed that there is loss in
GDI based XOR output when B =0’ .i.e., which is the
threshold loss, when M1 and M3 transistorsturns ON for A =
‘0’ and B = ‘0’ or M1 and M4 turns ON for A= ‘1" and B =
‘0’. To restore the sustainable and acceptable logic levels for
solving the issues, one can manipulate the aspect ratios i.e.
width to length (W/L) ratio of PMOS and NMOS transistors.
The circuit diagram of GDI XOR based 10T full adder is as
shown in Fig. 4 and the W/L ratios are represented in the
circuit itself for the transistors. The threshold voltages of
PMOS and NMOS circuits are Vtp and Vtn repectively can
be observed suppose the circuit is working with highest
supply VDD and the input vector is ABCin = ‘001°.
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Fig.5.GDI Based 10T Full Adder

IV. SIMULATION SETUP

The test circuits as shown in Fig. 4 are added with output
loads and input buffers. The whole circuit power and delay
calculation involved the inverters power and delay so that the
complexity id increased in the computations. 1-bit cells are
used to implement the 4-bit adder, to study the properties of
the compared circuitsin cascaded fashion.
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The size of the cellsin the adder is same asthe size of each
cell in transistor. Propagation delay is used to find the
performance of the circuits under test and it is calculated 50%
of voltage level of input to 50% of voltage level of output. In
all the simulations, 5% of the pulse width will gives the rise
time and fall time of the input signals. Total average power
consumption will gives the power in this study and the
calculation of the power delay product is the convolution of
the worst case delay and average power consumption.

V. RESULTS

The average power, delay and power delay product (PDP)
are the parameters used to compare the hybrid full adders
with the GDI full adders. Cadence virtuoso 90nm CMOS
technology is used to simulate all the results. The product of
delay and average power is defined as the PDP which
determines the performance of the digital circuits. Simulation
results are obtained using Cadence virtuoso 90nm CMOS

technology.
Table- I1: Simulation Resultsfor XOR/XNOR Circuits
TYP | DELAY(n | POWER(u | PDP(f
DESIGNS E 9 W) J)
Full swing | XOR 50.10 1.87 93.6
XOR/XNO
R Gate(fig | XNO
1a) R 40.05 1.85 74.09
Full swing | xoR 40.02 1.23 49.22
XOR/XNO
R Gate (fig
) | *R°| 5005 125 62.56
Modified | yop | 30909 1.28 38,51
Full swing
XOR/XNO
R
XNO
Circuit(fig | " 30.03 1.72 51.65
2b)

Table-l11: Simulation Resultsfor Simultaneous
XOR-XNOR Circuits
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Table1V: Simulation Resultsfor Hybrid full adder
Circuitsand GDI full adder

DESIGN DELAY( | POWER( | PDP(F
ns) W) i)
HFA-20T 70.09 5.62 393.9
HFA-17T 70.23 5.56 390.47
HFA-B-26T 60.04 9.08 581.78
HFA-NB-26T 70.00 7.21 506.1
HFA-22T 50.06 6.76 331.39
HFA-19T 70.13 6.86 476.88
GDI Full
adder (10T) 34.89 1.202 41.93
VI. CONCLUSION

In this paper, we proposed an efficient and low power
design for full adder circuit. By using GDI technology 10T
full adders are designed with reduced transistor count, low
power dissipation and high performance. The proposed
design is compared with six types of hybrid full adders,
achieved 43% reduction in delay, 83% power consumption
and 87% of PDP with GDI technology compared with Hybrid
Full adder of 22T and the ssimulation results were performed
in Cadence Virtuoso 90nm CMOS technology.

The applications of these types of full adders are with
minimum area and low power requirement. It is used in the
design of ALU, Multipliers and Multiplexers which are the
most important circuits in the Digital Signal Processing and
Digital Circuits Implementation. In the design process of
Application Specific Integrated Circuits (ASIC), high
performance adder is most important circuit in such type of
designs our proposed adder can be used and it is also suitable
for low power and high speed VLSI circuit applications.
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