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Abstract: A new technique is introduced that combines the advantages of the output wired CMOS logic with the
majority gate. The concept of majority gate is of utmost importance because it helps in reducing the delay
produced in the circuits and output wired CMOS logic helps in reducing the transistor count. The adder circuits
i.e. full adder, ripple carry adder and carry look ahead adder have been simulated for 130nm channel length.
The results obtained show that this technique has an advantage of Delay reduction and reduced transistr count
as compared to the conventional design. Simulation has been done using Tanner tool.
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l. Introduction

One of the basic fundamental arithmetic operation is addition. It is extensively used in application
specific systems. The adder cell designed is based on majority gate and output wired CMOS logic. It helps in
dealing with issues of power consumption, delay in output, transistor count and the area required for the design.

There are different implementation techniques for threshold gate based logic design[8,10,16,17].
Threshold gate can be implemented using capacitive threshold logic [6,7,9], output wired CMOS inverter
[11,13], MOS-NDR based monostable bistable transistor logic.In this paper, we have designed one bit full adder
CMOS circuit using output wired CMOS logic based majority gate. Further, the other adder circuits i.e. 4-bit
ripple carry adder and 2 bit carry look ahead adder circuit has been designed using the same logic. A
comparative study has been performed on the proposed designs and conventional designs and the simulation
results show that the delay produced is less and the transistor count is also reduced.

Other sections in the paper include: Section Il: Description of Concept of majority gate; Section Il1I:
Discussing concept of output wired CMOS logic; Section IV: Output wired CMOS logic based majority gate;
Section V: Design of one bit full adder using output wired CMOS logic based majority gate; Section VI: Design
of ripple carry adder using output wired CMOS logic based majority gate ;Section VII: Design of carry look
ahead adder using output wired CMOS logic based majority gate; Section VIII: Comparison of proposed designs
with conventional designs; Section 1X: Conclusion.

Il.  Concept Of Majority Gate
A majority gate [12,14] is a logical gate used in circuit complexity and other applications of Boolean
circuits. In case of majority gate the output will be ‘1’ if over half of the inputs are ‘1’otherwise it will be ‘0.
The majority gate usually consists of odd number of inputs represented as “w” as shown in fig. 1.
Mathematically, it is represented as :
no
Majority (p1, p2, .... pn):E + %} o)
In other words, the majority gate can be called a special case of threshold gate
where the threshold value is equal to half of input plus one.
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Fig: 1 Majority gate function

Mathematically, T = @ (2)
As shown in the fig. 2, there are three inputs a, b and ¢ and either of the two
inputs are passed through the AND logic gate and the output obtained respectively are passed through the OR
logic gate. Thus, the logic produced is:

q=ab+bc+ca 2
d
b—+—
C—w
D

Fig:2 3 input majority gate

The circuit diagram for majority gate using CMOS is shown in fig 3. It is made up of two parts: a
nonlinear voltage divider made up of output wired inverters on the left hand side and an inverting buffer which
senses the majority transition and provides a positive output on the right. The output inverting buffer isolates the
divider output node from external circuitry to reduce noise effect and driving from the next stage. It also reshapes

the output waveforms.
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Fig. 3 Circuit of three input majority gate
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I11.  Concept Of Output Wired Logic
A wired logic connection is a logic gate that implements Boolean algebra (logic) using only passive
elements like resistors, capacitors. It also uses diode for the logic implementation when it’s not behaving as an
active device means when it has no negative differential resistance. A wired logic connection can create an
AND or OR gate. Here, instead of AND and OR gate we have used CMOS as an element that helps to form the
output wired CMOS logic.

IV.  Output Wired Cmos Logic Based Majority Gate

As shown in fig 4, each input x; drives one inverter, all inverter outputs shorted together to design a non
linear voltage divider which drives output inverter whose purpose is to quantize the non binary signal at the
ganged output node .

The PMOS and NMOS transistor widths of each inverter are designed depending on the weight (W) of
each inputs and threshold is implemented by adjusting the threshold of the last inverter. The weight values other
than 1 can be realized by changing the width of the PMOS transistor. Thus, the design process involves sizing
only two inverters the basic input inverters and the output inverter.

Fig. 4 Nonstandard symbol of Threshold gate and threshold gate basic structure using output wired ganged
CMOS

V.  Design Of One Bit Full Adder Using Output Wired Cmos Logic Based Majority Gate

One bit full adder [1,2,4] adds the three binary inputs to produce output where the two inputs are A and B and
the third input the carry presented as Cin and the output produced are Sum and Carry (Cout).
Mathematically, sum and carry for full adder is represented as:

Sum = A®@B®C,, @)
Cout =A.B+ C;,,(A®B) 4)

Generally, full adder circuit is presented as:

A LN

| S
]
B
Cw

Cout

)
|/

Fig. 5 Full Adder Circuit
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The threshold gate based implementation of full adder and the equivalent output wired ganged CMOS based one
bit Full Adder circuit is shown in fig 6.

A

C out
B 1.5 Cout

Cin TLgate1
(majority gate)

Sum

TLgate 2

Fig. 6 Threshold Logic gate based Full Adder Circuit.

Here two threshold gates are used TL gatel and TL gate2.TL gatel gives the carry output and it is a
majority gate. This Majority gate is designed using four inverters. Three of them are ganged and from that
ganged output, the fourth inverter is connected to get the carry output. Inputs of full adder (A, B, C,) are applied
to three inverters (INV1, INV2, INV3) which is shown in Fig. 7. The W/L ratio of all the PMOS and NMOS
transistors are chosen such that the resistance of all the transistors are equal (R).So the equivalent circuit of
ganged part may be considered as a voltage divider network.
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Fig: 7 One bit Full Adder circuit using CMOS output wired logic based majority gate

The circuit has been designed using Tanner tool for 130 nm channel length. The below circuit consists of
inverters and two outputs for carry and sum respectively. Threshold voltage for the last inverter after node X is
calculated and it is found to be in between Vdd/3 to 2(\VVdd)/3.Also, the threshold voltage for last inverter after
node Y, i.e. Sum inverter is between (2/5)Vdd and (3/5)Vvdd.

Fig. 8 One bit full adder circuit using Tanner Tool
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The following figure shows the output of one bit full adder for input streams of 01100110, 01110111 and
10010111 as A,B and Cin respectively.

Fig. 9 Output waveform for different set of inputs

Along with the outputs for sum and carry, the power consumed and delay is calculated for the above circuit and it
is found that the power calculated is 4.311645e-004 watts and the delay produced is -199.7684n for carry whereas
for the sum, the delay is -199.9362n in the best cases.

VI.  Design Of Ripple Carry Adder Using Output Wired Cmos
Logic Based Majority Gate
Full adder [3,5]blocks can be cascaded in parallel to form N bit adders. A ripple carry [19,20] adder is
a logic circuit in which the carry-out of each full adder is the carry in of the succeeding next most significant full
adder. It is called a ripple carry adder because each carry bit gets rippled into the next stage. In a ripple
carry[24,25] adder the sum and carry out bits of any half adder stage is not valid until the carry in of that stage
occurs. Here ripple carry adder is designed using the full adder block is shown in fig. 10

A3 B3 A B2 Al B A0 BD
1 bit 1 bit 1 bit 1 bit
- Ful Full Full Full [
Ct | Adder C3 | adder G2 | adder c1 Adder
a3 0

52 =] |
Fig.10 Ripple Carry Adder block diagram

The circuit design using tanner tool is shown in fig.11 below. The circuit has been designed for 4 bit ripple carry
adder. The carry output from one full adder is connected as input carry to the next full adder and the same is
repeated for remaining blocks of full adder.

Fig.11 Ripple Carry Adder using tanner tool
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The following figure shows the output for four bit ripple carry adder for a given set of inputs.

Fig.12 Carry out and sum outputs for different set of inputs

In case of ripple carry adder, the transistor count is reduced to 88 transistors and the delay produced is
182.096ps. The average power consumed is 1.704641e-003 watts.

VII. Design of carry look ahead adder using output wired cmos logic based majority gate

Carry look ahead adder is a kind of parallel adder. The adder uses the concept of propagation and generation of
carry[15,18].The design of carry look ahead adder is based on following equation :

Q) Carry propagation : P, = A®B 5)
(i) Carry generation G; = A;.B; (6)
(iii)  Sum S; = C;®P; 7
(iv) Carryout i,y = G; + P..C; 8)

The adder is also called a fast adder because it adds two binary numbers and calculates carry bit before
the sum is produced. It works on the principle of “generation and propagation of carry[21,22] bits”. The carry
propagator is propagated to the next level whereas the generator is used to generate the carry, regardless of its
input. Carry look ahead adder [23]circuit diagram for one bit using logic gates is shown in Fig.13
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Fig.13 Carry look ahead adder block diagram
For two bit, the block diagram can be shown as the following Fig.14 :
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Fig.14 2 bit carry look ahead adder
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The following Table shows the conditions where the carry will be generated or propagated.Here A,B and Ci are
the inputs and Ci+1 is the carry for the next bit.

Table 1 Carry generation and propagation based on input

o

Ci+l Condition

No carry generate

No carry propagate

RN el Nl Nol Nel i -
ol B el e ) B N e o B e

=IO =[O = O =0
=Rl = O =IO OO

Carry generate

In the proposed design, Two bits are considered for each set of inputs. The inputs Al and B1 are given
as inputs along with C1 as the input carry and the second bit considered as input is A2 and B2. The bits are
added and finally, the results are generated in the sum and carry output. The following Fig. shows the circuit
design for the carry look ahead adder using majority gate.

Fig.15 Carry look ahead adder using output wired CMOS logic based majority gate

The results are produced where the outputs for carry and sum for each bit is calculated and produced in the
output graph using Tanner tool. The simulation results for the above designed carry look ahead adder is as
follows:

Sec

Fig.16 Simulation result for carry look ahead adder
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The simulation results show that the power consumed by the circuit design is 0.430703 * 10”(-3) watts and the
delay calculated is -99.8060n while the transistor count is reduced to 84.

VIIl.  Comparison Of Proposed Designs With Conventional Designs

A comparative study is being performed between the conventional and proposed designs for the different kinds
of adder. The parameters considered for comparison are delay and transistor count. The following table shows
the comparative results.

Table 2: Comparison between conventional and proposed design for following adders

Design Name Conwventional Design Proposed Design
Delay Transistor Count Delay Transistor Count
Ome bit full adder circuit -199.5013n 28 -199 768ns 22
4 bit ripple carmry adder 55.63ns 112 182.096ps :3:4
circuit
2 bit cany look ahead 187 &n= 08 99 28060ns 24
circuit

IX. Conclusion

The circuits have been designed using output wired CMOS logic based majority gate for 130 nm
channel length. Two parameters important for design consideration are delay and area. In the proposed designs
for three different kinds of adders, delay and transistor count is found to be less than the conventional design.
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