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Abstract

Increasing of calculation in various operations arithmetic
circuits needs to be increased capability. With various
Improvements in the VLSI technology submicron
dimension the various other algorithms and
implementation  concepts  should be improved.
Traditionally Radix-2 binary logic circuits used which
have 0,1 two symbol to represents then Radix—4
quaternary logic which have 0,1 ,2,3 symbols
representation has been used. Then we can further have
increased the concept to the Radix- N logic
implementation which can have N symbols to represent.
Various advantages of power utilization and improved
switching delays will be there.
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1.Introduction

In binary the number system the two voltage level
indicates the one binary bit i.e. logic '1' and logic '0".
The voltage level OV represent the binary logic '0'
and the voltage level of 5V represent binary logic '1".
While the ternary logic number system uses three
voltage levels of 0V, Vdd/3 and Vdd V, whereas the
quaternary number system represents the four voltage
levels of 0V, Vdd/2, 2Vvdd/3, Vdd V. This voltage
level may differ for both ternary and quaternary logic
system. The encoder and decoder circuits to convert
binary logic to multivalued logic and multivalued
logic to binary logic. The number system logic in
ternaruy uses logic 0,1 and 2 while the quaternary
number system uses logic 0,1,2 and 3.

2.MVL aritmatic addition

Addition rules are the same as in the decimal system.
The sum or product of two digits may only produce
one or two digit numbers. In the latter case, if
necessary, the first digit is carried over to the next
operation (on the left.) For example, in base 7, 36 +
144 = 213. Indeed, from right to left, 6 + 4 = 13.
Then3+4+1=11,and finally 1 +1=2,
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As everyone knows, 2 + 2 = 4. This is true in all base
systems. That is, except bases 2, 3, and 4. In base 4,
we have 2 + 2 = 10. In base 3, 2 + 2 = 11. However,
recollect that (4)10 = (10)4 = (11)3, and everything
falls into its right place again. Numbers equal in one
base are equal in any other base. Conversion between
bases does not violate arithmetic identities. In base 2,
2 + 2 = 4 appears as 10 + 10 = 100 - looking
differently but having exactly the same meaning.

The same, of course, is true of 2 x 2 = 4 which is true
in all bases starting with 5. In bases 4,3, and 2 it
appears as

2x2=10

2x2=11

10 x 10 = 100,

respectively.

Table 1 Following Tables Shows the Arithmetic
Addition of Multi Value Logic Number Systems.

1. Ternary addition

+ Radix | 0 1 2
Number

0 0 1 2
1 1 2 10
2 2 10 11

2. Quaternary Addition

+ Radix | 0 1 2 3
Number
0 0 1 2 3
1 1 2 3 10
2 2 3 10 11
3 3 10 11 12

3. Senery Addition
A+/B | 0 1 2 3 4 5
0 0 1 2 3 4 5
1 1 2 3 4 5 10
2 2 3 4 5 10 11
3 3 4 5 10 11 12
4 4 5 10 11 12 13
5 5 10 11 12 13 14




Jain et al.

4. Duodecimal Addition

A+/B 0 1 2 3 4 5 6 7 8 9 A B

0 0 1 2 3 4 5 6 7 8 9 A B

1 1 2 3 4 5 6 7 8 9 A B 10

2 2 3 4 5 6 7 8 9 A B 10 11

3 3 4 5 6 7 8 9 A B 10 11 12

4 4 5 6 7 8 9 A B 10 11 12 13

5 5 6 I 8 9 A B 10 11 12 13 14

6 6 7 8 9 A B 10 11 12 13 14 15

7 7 8 9 A B 10 11 12 13 14 15 16

8 8 9 A B 10 11 12 13 14 15 16 17

9 9 A B 10 11 12 13 14 15 16 17 18

A A B 10 11 12 13 14 15 16 17 18 19

B B 10 11 12 13 14 15 16 17 18 19 1A
5. Quodradecimal Addition

A+/B 0 1 2 3 4 5 6 7 8 9 A B C D

0 0 1 2 3 4 5 6 7 8 9 A B C D

1 1 2 3 4 5 6 7 8 9 A B C D 10

2 2 3 4 5 6 I 8 9 A B C D 10 11

3 3 4 5 6 7 8 9 A B C D 10 11 12

4 4 5 6 7 8 9 A B C D 10 11 12 13

5 5 6 7 8 9 A B C D 10 11 12 13 14

6 6 7 8 9 A B C D 10 11 12 13 14 15

7 7 8 9 A B C D 10 11 12 13 14 15 16

8 8 9 A B C D 10 11 12 13 14 15 16 17

9 9 A B C D 10 11 12 13 14 15 16 17 18

A A B C D 10 11 12 13 14 15 16 17 18 19

B B C D 10 11 12 13 14 15 16 17 18 19 1A

C C D 10 11 12 13 14 15 16 17 18 19 1A 1B

D D 10 11 12 13 14 15 16 17 18 19 1A 1B 1C

3.Methodology

Figure 1 shows the schematic design for two stage
four-bit ripple adder for design of 8-bit carry
select/save adder. The stage 1 is design using four-bit
ripple carry adder. In stage 2 a two blocks of 4-bit
ripple carry adder is design with assuming that
previous carry is ‘0’ or ‘1. In this stage, first block is
use to add four most significant bit with assuming
that the previous carry is ‘0’ and the second block is
use to add four most significant bit with assuming
that the previous carry is ‘1°.

This design uses 12 full adders and 5 two input and
one output multiplexers. The carry out bit of first
stage ripple carry adder is connected to the
select/saveion input of 2X1 multiplexer. If this carry
is ‘1’ then it select/save the output of second stage
block of ripple carry adder with previous carry ‘1’
and if this carry is ‘0’ then it select/save the output of
second stage block of ripple carry adder with
previous carry ‘0’ [2,3,4,5].
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Figure 1 Eight Bit Carry Select/save adde




Figure 2 shows the timing simulation of 8-bit carry
select/save addition. The four least significant bits are
added by ripple carry addition. And the carry out of
this addition will select/save the ripple carry addition
of next stage. For example, let’s take the addition of
two eight bit numbers (11101111 and 10111101),.
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Figure 2 Timing analysis of propose eight bit carry
select/save adder The addition of four LSB numbers
1111and 1101 gives the four LSB sum of 1100 along
with carry bit ‘1°. The ripple carry addition of four
most significant (MSB) number gives MSB sum of
1001 and 1010 for previous carry assuming as ‘0’ and
‘1’ respectively. The result of MSB is decided by the
carry bit of first stage addition. Thus the final result
of this addition is (110101100),.

Table 2 Truth table for layout of quaternary Full adder logic circuit

Binary equivalent QA input QB input QC Sum Carry
input
0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 1 1 0
0 0 0 1 0 0 0 2 2 0
0 0 0 1 1 0 0 3 3 0
0 0 1 0 0 0 1 0 1 0
0 0 1 0 1 0 1 1 2 0
0 0 1 1 0 0 1 2 3 0
0 0 1 1 1 0 1 3 0 1
0 1 0 0 0 0 2 0 2 0
0 1 0 0 1 0 2 1 3 0
0 1 0 1 0 0 2 2 0 1
0 1 0 1 1 0 2 3 1 1
0 1 1 0 0 0 3 0 3 0
0 1 1 0 1 0 3 1 0 1
0 1 1 1 0 0 3 2 1 1
0 1 1 1 1 0 3 3 2 1
1 0 0 0 0 1 0 0 1 0
1 0 0 0 1 1 0 1 2 0
1 0 0 1 0 1 0 2 3 0
1 0 0 1 1 1 0 3 0 1
1 0 1 0 0 1 1 0 2 0
1 0 1 0 1 1 1 1 3 0
1 0 1 1 0 1 1 2 0 1
1 0 1 1 1 1 1 3 1 1

~
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Binary equivalent QA input QB input QcC Sum Carry
input
1 1 0 0 0 1 2 0 3 0
1 1 0 0 1 1 2 1 0 1
1 1 0 1 0 1 2 2 1 1
1 1 0 1 1 1 2 3 2 1
1 1 1 0 0 1 3 0 0 1
1 1 1 0 1 1 3 1 1 1
1 1 1 1 0 1 3 2 2 1
1 1 1 1 1 1 3 3 3 1
0 1 1 1 1 0 3 3 2 1
Addition rules are the same as in the decimal system. technology implementation with Radix-2 adder.
The sum of two digits or its product of might produce According to  reference [2] the 130nm
one or two binary digit numbers. In the latter case, if implementation is compared in the reference [3]
necessary, the first digit is carried over to the next paper. As discussed in the section Il and the Il the
operation (on the left.) For example, in base 7, 36 + implementation in the higher radix digital logic will
144 = 213. Indeed, from right to left, 6 + 4 = 13. exploit the use of various voltage level. As the in
Then 3 + 4 + 1 =11, and finally 1 + 1 = 2. As Radix — N the value of N increases the voltage of 0 to
everyone knows, 2 + 2 = 4. This is true in all base 5V will be divided in the more number of levels that
systems. That is, except bases 2, 3, and 4. In base 4, like in Radix- 4 voltage levels are divide into 0V,
we have 2 + 2 = 10. In base 3, 2 + 2 = 11. However, 1.6V, 3.4V and 5V. If we further increase the value
recollect that (4)10 = (10)4 = (11)3, and everything of N the 0 to 5V to be divided into 5,6,7,8 and so on.
falls into its right place again. Numbers equal in one So our design will become more prone to false level
base are equal in any other base. Conversion between triggering of noise margin drastically decrease. And
bases does not violate arithmetic identities. For the the further behavior of design become more
number system having radix 2 have the addition of unpredictable in outcome.
decimal number 2 with 2is 4 shows as binary 10 + 10
= binary 100 appears another way but having exactly To resolve the level, constrain on the design the
the same meaning. various algorithm and the logic family which provide
more voltage range in the VLSI fabrication should be
4.Radix — N adder implementation used. For the level Radix -8 the bipolar power supply
The reference [1] shows the imp|ementati0n of can be used so that more levels will available but still
Radix-4 adder with the CSA (carry save adder) which this comes with disadvantage s and limitation of
then been imp|emented in 50nm and 130nm using the bipolar power in the VVLSI fabrication.
submicron technology and compared with the similar
5.Analysis and comparison
Table 3 Analysis table
Parameters Technology Power Output | Switching Delays | Nosof T | Channel | Channel
Dissipation load Length Width
Reference [2] | 130nm 140 pW 10 pF 1.5to4.4ns 220 0.13 pm 0.26 um
Reference [3] | 130nm 111 pW 1.21fF 0.001to 0.003ns | 282 0.13 pm 0.24 pm
Table 4 Parametric Analysis
Module Technology Power Output | Switching Delays | Nosof T | Channel | Channel
Design Dissipation load Length Width
Binary CSA | 50 nm 30.42 uW 1.21fF | 0.002t00.009ns | 318 0.05um | 0.1 pm
adder
Radix-4 130nm 111 pW 1.21fF 0.001t00.003ns | 282 0.13 um 0.24 pm
Adder
Radix-4 50 nm 76.187 pW 1.21fF | 0.002t00.009 ns | 282 0.05um | 0.1 pm
Adder
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6.Conclusion

This paper  thus sums up the comparison of the
Radix -4 full adder comparison discussion with the
radix -2 full adder with results of power dissipation
and switching delays. The discussion shows that the
radix —N adder implementation is not possible with
the existing methodology of radix -4 implementation
as the extraction of voltage levels assigned to the
symbols are less and the prone to the false level
switching and undetermined operations.
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