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Abstract— Binary logics and devices have been developed 

with an advance technology and gate design era. The design 

and implementation of each logical circuit become compact 

and easier to design. Therefore present logic devices that can 

implement in binary and multi valued logic system. Except 

binary value logic the multi-valued logic system logic gates 

differ in different logic systems, a quaternary logic has 

become mature in terms of logic gates and algebraic terms. 

Some multi valued logic systems such as ternary and 

quaternary logic schemes have been developed. Quaternary 

logic has several advantages over binary logic. Therefore it 

require half the number of digits to store any information 

than its binary equivalent it is good for storage; the 

quaternary storage mechanism is less than twice as complex 

as the binary system. The Various digital building blocks and 

quaternary logic gates are presented and its power 

comparisons are made by using tanner tool. 
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I. INTRODUCTION 

The recent trend of technology gives us the better ways of 

data transfer when compared with earlier stages. The 

computation field and signal processing is an essential 

growth in terms of day by day. The technology growth 

mainly improves by means of VLSI revolution. Hence an 

alternative technological solution to the problem of high 

speed information processing is needed. 

 The Multi-valued logic (MVL) is a non binary 

logic with radix >2. Binary logic is limited to only 

two states ‘True’ (1) and ‘False’ (0), MVL replaces 

these with finite and infinite number of values. 

Multi Value Logic system is defined as a system 

operating on higher radix greater than two. 

 The Multi Value Logic LUT can replace or 

complement conventional binary logic, since the 

designed circuit is simple and efficient. 

 For example Ternary logic (R=3) has three logical 

states {0, 1, 2} or {1¯, 0, 1}. These are known as 

ordinary ternary and symmetric ternary logic 

respectively. 

 Quaternary logic (R = 4) has four logical states {0, 

1, 2, 3}. 

II. MULIT VALUE LOGIC 

Multi-value logic is defined as a non-binary logic and 

involves the switching between more than two states. Multi-

valued logic means instead of assuming one of the two 

states as per in binary logic, signal may assume one of more 

than two states, for instant 4 states. Binary values take only 

values {0,1}.Multi-valued synthesis take multi-valued 

variables Xi can take values Pi={0,…pi-1}. Multi-valued 

logic offers important advantage like more information can 

be processed over a given set of lines to reduce the burden 

of interconnections and thereby switching. 

The advantage of Multi-valued logic are the use of 

fewer operations potentially fewer gates and reduction in 

number of interconnections and switching. The reduction of 

dynamic power dissipation is VLSI applications is the major 

challenge for today’s engineers as major portion of the 

power is consumed by interconnect and switching [3]. 

Adders form the basic part of processing element. 

An adder is basically a circuit which is used in variety of 

applications. So, if we create an optimized adder 

simultaneously the processing elements will be improved. 

This will fasten the calculation of arithmetic Logic Unit 

which further improves and fasten the performance of the 

unit. Using an optimized adder using Multi-Valued logic 

will lessen the space required. Optimized adders will prove 

to be useful in other Digital Signal Processing as adders are 

the basic part of Digital Signal Processing. Increased data 

density, reduced dynamic power dissipation, and increased 

computational ability are among some of the key benefits of 

Multiple Valued Logic (MVL). 

Several Implementation methods have been 

proposed in the recent papers to realize the Multi-valued 

logic circuits [4, 5]. They can be fundamentally categorized 

as current Mode, voltage mode and mixed mode circuits. 

Several prototype chips of current mode CMOS circuits 

have been fabricated, showing somewhat better 

performances compared to the corresponding binary circuit 

[6-9]. 

Alternatively, voltage-mode circuits consume a 

large majority of power only during the logic level 

switching. Hence, voltage-mode circuits do offer lesser 

power consumption which has been the key benefit of 

traditional CMOS binary logic circuits from the perspective 

of dynamic switching activity. Several approaches for 

quaternary circuit design have been proposed [7-12], in 

voltage mode technique. In current mode circuits the power 

dissipation is high due to their inherent nature of constant 

current flow during the operation. Alternatively, voltage 

mode circuits consume a large majority of power only 

during the logic level switching. Hence, voltage –mode 

circuits offers lesser power consumption which is the key 

benefit. 

Quaternary logic (radix-4-valued) is chosen as the 

base radix. Using a quaternary radix offers all the benefits of 

MVL with the important advantage of being able to easily 

interface with traditional binary logic circuits. 
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III. LITERATURE SURVEY 

A. Multiple Valued Logic Busess for Reducing Bus Energy 

in Low Power Systems 

The viability of bus interconnection models is explored, 

using the multiple-valued logic (MVL) paradigm to reduce 

the cost and energy consumption of off-chip and on-chip 

address, data and instruction buses within system-on-a-chip 

platforms. Data can be transferred over the buses using 

ternary, balanced ternary or quaternary number systems, 

rather than binary. This allows more compact bus design 

with a fewer number of bus lines, which can result in lower 

input/ output pin cost for off-chip buses. Reducing the 

number of bus lines also allows us to increase the distance 

between the adjacent bus lines using the same silicon area. 

This further reduces interwire capacitance and may lead to 

significant on-chip bus energy reduction for low-power 

embedded systems. First, a combinatorial probabilistic view 

of digit transition patterns in binary and MVL number 

systems is provided. This is followed by an empirical study 

conducted by running various applications to measure bus 

switching activities as well as total bus energy consumption 

of real-world applications. It is observed that the number of 

bus transitions in a multiple valued bus, particularly in a 

quaternary bus, is significantly less than the number of bus 

transitions in a binary bus. 

B. A Novel Voltage Model LUT using Clock Boosting 

Technique in Standard CMOS 

The binary logic is limited due to interconnect which 

occupies a large area on a VLSI chip. In this work, the 

designs of quaternary-valued logic circuits have been 

explored over multi-valued logic due to the following 

reasoning. An approach to mitigate the impact of 

interconnections is to use multiple-valued logic (MVL), 

hence, more information can be carried in each wire, 

reducing the routing network. Therefore, a single wire 

carrying a signal with N logic levels can replace [log2N] 

wires carrying binary signals. 

C. Arithmetic Operation in Multivalue Logics 

Quaternary to binary and binary to quaternary converters are 

designed using down literal circuits. Negation in modular 

arithmetic is designed with only one gate. Logic design of 

each operation is achieved by reducing the terms using 

Karnaugh diagrams, keeping minimum number of gates and 

depth of net in to consideration. Quaternary multiplier 

circuit is proposed to achieve required optimization. 

Quaternary signals are converted to binary signals before 

performing arithmetic operations. Results of arithmetic 

operations are also binary signals. Hence these binary 

signals are to be converted to quaternary signals. In this 

paper, quaternary to binary and binary to quaternary 

converter are designed, and also Modulo-4 arithmetic 

operations are performed in such a way to get minimum 

number of gates and minimum depth of net. 

D. Design Arithmetic Circuits Using Quaternary Logic 

Arithmetic circuits play a really important role in each all-

purpose and application specific procedure circuits. 

Quaternary (Four-valued) logic conjointly offers the good 

thing about simple interfacing to binary logic as a result of 

base four permits for the utilization of straight forward 

encoding/decoding circuits. The purposeful completeness is 

well-tried with a collection of basic quaternary cells. The 

library of cells supported the Supplementary Symmetrical 

Logic Circuit Structure (SUSLOC) square measure 

designed, simulated, and accustomed build many quaternary 

fixed-point arithmetic circuits like adders, multipliers. These 

SUSLOC circuit cells square measure valid mistreatment 

SPICE models and also the arithmetic architectures square 

measure valid mistreatment System Verilog models for 

purposeful correctness. Quaternary (radix-4) twin quantity 

secret writing principles square measure applied to optimize 

power and performance of adder circuits mistreatment 

common place CMOS gate technologies. 

IV. DESIGN 

Multiplexing means many into one. A multiplexer is system 

dealing with many inputs and only with single output. A 

quaternary multiplexer with n-control inputs can be used to 

route one of 4n data inputs (it may be any one of the four 

logical states) to the output. The design of 4:1 multiplexer 

with all-optical quaternary logics are given here as  four 

inputs A, B, C and D  which can be any one of the 4-logical 

state are connected to four 2-input QMIN gates. For example 

in optical fanout logics are verified as follows. 

 0(no light), 

 1(↕), 

 2 (•), 

 3 (↔)] 

Table I shows the four stages of logics such as 0, 

1,2 & 3. The quaternary logics are mentioned as 1.2V for 

High level logics as 11. Since for other logics are made by 

reference voltage levels as shown in Figure 1 indicated 

below. 

Value Voltage Value (V) 

0 0 

1 0.404 

2 0.707 

3 1.2 

Table 1: Threshold Logics 

 
Fig. 1: Threshold logics as per the table 

 When X (delta literal input) is zero i.e. with no signal 

(0), then x0 receives the logical state 3 (↔) i.e. 

partially polarized light and others outputs of the delta 

literal (x1,x2 and x3) receive no light (0) as discussed 

in earlier section. As x0 is connected with QMIN0, 

then according to the equation no 7, only QMIN0 is 

active and others QMIN gates (QMIN1, QMIN2 and 

QMIN3) are inactive. Hence the corresponding input A 

is at the output i.e. Y0 = A. and Y1 = Y2 = Y3 =0. 

Hence after combining in BC we receives Y = A at the 

outputs. 
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 When X is vertically polarized light i.e. 1 (↕), then 

only x1receives the logical state 3 (↔). 

& x0=x2=x3=0 (no light). As x1 is connected with 

QMIN1, then according to the equation no (2) only 

QMIN1 is active and QMIN0, QMIN2 and QMIN3 are 

inactive. Hence Y1 = B & Y0 = Y2 = Y3 =0 and at the 

final output we receives Y = B. 

 When X is horizontally polarized i.e. 2 (•), then 

only x2receives the logical state 3 (↔). 

And x0=x1=x3=0 (No light). Hence only QMIN2 is 

active and QMIN0, QMIN1 and QMIN3 are inactive. 

Hence Y2 = C & Y0 = Y1 = Y3 =0 and at the final 

output, we receives Y = C. 

 
Fig. 2: NOT logic 

Two bit OR gate implementations using CMOS 

with binary logic are presented in figure 3. The truth table 

for the implemented OR-gates is presented in table II. Two 

bit OR gate implementation in CMOS based binary logic 

requires twelve transistors as compared to three transistors 

required SWSFET based implementation with quaternary 

logic. 

 
Fig. 3: OR Logic schematic diagram. 

The Quaternary logic based OR logic is constructed 

by basic CMOS NOR Logic is implemented with respect to 

the two stages of outputs. The binary inputs are made by 

using a1,a2, b1 and b2. 

Control Input 

Signal 

(X) 

 

QMUX 

Output(Y) 

 

Voltage Value (V) 

Y0 Y1 Y2 Y3 

0 A A 0 0 0 

1 B 0 B 0 0 

2 C 0 0 C 0 

3 D 0 0 0 D 

Table 2: Quaternary MUX logic 

The logic for Multiplexer is given in Table II with 

the help of voltage values Y0,Y1,Y2 and Y3. 

 
Fig. 4: Representation of Half Adder 

 
Fig. 5: Schematic for MUX 

 
Fig. 6: Quaternary Full adder 

 
Fig. 7: Output for MUX (c,Y2,out) 
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Figure 7 shows the Quaternary MUX for input C 

with respect to the logic output Y2. The logics are verified 

based on the lookup table design. The design is made in 

terms of quaternary and multi-value logics. 

 
Table 3: Lookup table for Full Adder Design 

V. SOFTWARE DESCRIPTION 

Tanner EDA provides of a complete line of software 

solutions for the design, layout and verification of analog 

and mixed-signal (A/MS) ICs and MEMS. Customers are 

creating breakthrough applications in areas such as power 

management, displays and imaging, automotive, consumer 

electronics, life sciences, and RF devices. A low learning 

curve, high interoperability, and a powerful user interface 

improve design team productivity and enable a low total 

cost of ownership (TCO). Capability and performance are 

matched by low support requirements and high support 

capability as well as an ecosystem of partners that bring 

advanced capabilities to A/MS designs. 

There are many EDA (Electronic Design 

Automation) tools are available for the simulation of ternary 

circuits. EDA tools are listed as: Electronic work bench, 

Multi-sim, p-spice, Micro wind, Tanner spice (T-spice) and 

VHDL. Results given in the chapter are simulated using 

tanner T-spice software and multi-sim tools. Chapter covers 

complete simulated logic circuit for T-NOT and T-

AND/NAND gate by using T-spice, Electronic work bench, 

VHDL tool with prototyping which can be fabricate directly 

from foundry. This chapter also covers map reduction 

method along with algorithm and map reduction software is 

provided with CD ROM. 

A. Tanner T-Spice 

T-Spice is a complete design, capture and simulation 

solution that provides accuracy and convergence with 

proven reliability. To transform an idea into designs, Tanner 

spice (T-spice) EDA tool facilitates to simulate large circuits 

quickly and with a high degree of accuracy. This simulation 

tool offers fast run times, integrates with other design tools, 

and is compatible with industry standards. Tanner spice (T-

spice) EDA consists of four sub-packages namely T-Spice, 

S-Edit and W-Edit. T-Edit is an analog simulation of a 

circuit, S-Edit is for schematic capture and W-Edit is for 

wave form viewing and analysis. Generally sequence flow is 

from S-Edit, T-Spice and W-Edit. 

Sl. No Design No. of Transistors Power in watts 

1 OR logic 12 1.1210e-003 

2 AND logic 12 1.0521e-003 

3 Half adder 18 7.7132e-003 

4 Full adder 48 5.3092e-003 

5 MUX 68 6.0700e-003 

Table 4: Comparisons Table 

Table 4 shows the power and transistors 

comparison for OR logic, AND logic, Half adder, Full adder 

and Quaternary MUX unit. 

VI. CONCLUSION 

In this task the Quaternary Logics based on OR logic and 

AND logics are designed. To encode and decode Quaternary 

to binary and binary to Quaternary is constructed 

respectively. Hence Quaternary Multiplexer and de-

multiplexer is constructed based on lookup table. Thus it is 

investigated and analyzed different logics presented in 

lookup table on the basis of different parameters such power 

and transistor count. 
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