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Abstract: Adders are given a fundamental importance in a wide variety of digital systems. Many improvements have been made to
reduce the architectures of adders. The proposed method aims on Modified Gate diffusion input (MOD-GDI) which is a low power
technique to design any digital system. This technique has been adopted from (GDI) Gate Diffusion Input - low power digital circuit
design technique. The Mod-GDI technique which allows in reducing delay, power consumption and area of digital circuits, while
maintaining functionality of logic design. This paper presents the Performance comparisons on low power techniques of basic
combinational logic functions and to state that the proposed Modified Gate Diffusion Input logic (Mod-GDI) to be more power-efficient
than the CMOS logic design. This paper also presents a novel structure of Carry-Lookahead Adder (CLA) using the primitive gates
which are designed by MOD-GDI technique. This technique can be used to reduce the number of transistors compared to conventional
CLA design. The design of the 8-bit CLA is primarily introduced and then the 16-bit CLA is followed. The designs are simulated using

Mentor Graphics tool with a supply voltage of 1.8V at 90nm Process technology.
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1. Introduction

In the VLSI industry, the low power circuits both arithmetic
and logic circuits have become very important .Due to the
rapid increase in the usage of the portable electronic
devices[1] and [2], the VLSI design efforts are mainly
focused on low power circuits with high-speed computation.
In various DSP processors, Adder circuits are the main
building blocks of the Arithmetic unit. In such processors the
certain parameters like power, area, delay time etc are to be
considered. So the designers are forced to concentrate on
meeting up the constraints like high speed , small area, high
throughput and low power consumption. There are many
design styles of adders. Although, the Ripple carry adder is
the smallest in design among the various adders available.
But the computational speed of the ripple carry adder is very
slow. Carry-Lookahead and Carry-Select Adders [3] are very
fast than compared to the ripple carry adder.

To reduce the area and power of these such adders, different
techniques were used. Some of them are Pseudo NMOS [4],
Dynamic CMOS, Clocked CMOS logic, Domino logic [4],
Pass transistor logic .Although these several techniques have
been proposed to reduce the power consumption, there were
some limitations like increase in area, delay time which are
not suitable for low priced systems. This paper presents the
primitive circuits in achieving the parameters like low
power, with high speed computation and less transistor count
by using MOD-GDI technique than compared to the
conventionally designed circuits. These designs are then
combined to form the CLA’s of 8-bit and 16-bit.

This paper is organized as follows: Section 2 Reviews the
base work. Section 3 Introduces implementation of carry

Look ahead adder. Simulation and results are shown in
Section 4, followed by the Conclusion in Section 5.

2. Modified Gate Diffusion Input (MOD-GDI)

Modified Gate Diffusion Input (MOD-GDI) is a new
technique of low power digital circuit design. This technique
is adopted from the GDI technique [5]. The MOD-GDI
technique is mainly used to reduce the power dissipation,
propagation delay and transistor count of the digital circuits.
Though all these parameters are achieved using the GDI
technique, the MOD-GDI technique is proposed to overcome
some of the major limitations of the GDI technique like
difficulty in fabrication process and additional circuitry to
give inputs to the GDI based circuits. By using this technique
the combinational logic gates like OR,AND, Inverter and 2
X 1 MUX are designed using two transistors, whereas four
transistor are used for OR & AND logics and for 2 X 1 MUX
the transistor count is 14 using CMOS design. Hence the
MOD-GDI technique is a useful technique to reduce the area
and also for less power dissipation.

Figurel shows the basic MOD-GDI cell. The MOD-GDI cell
is very similar to the basic GDI cell, both consists of 3 input
terminals G, P and N. In GDI[6] both the substrates of the
PMOS and NMOS are connected to the source where as in
the MOD-GDI the substrate of PMOS is connected to VDD
and substrate of the NMOS is connected to the GND.
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Table 1, shows the input configuration of the different
functions which are obtained by the basic MOD-GDI cell.
The inverter input configuration is same for both the CMOS
and MOD-GDI technique, so there will be no difference in
the power dissipation. The remaining functions vary in
configuration. The input configuration of the EX-OR and
EX-NOR [7] as given in the table are the basic configuration.
In order to get more output swing the configurations were
modified to achieve better computation. The proposed EX-
OR and EX-NOR gates can be seen in Figure 7and Figure 8.
Table 11 shows the comparison between four styles [5][8] in
terms of transistor count.

Table 2: Comparison of Transistor Count

Functions |Mod-GDI [DPL |TG CMOS
AND 2 7 6 6
OR 2 7 6 6
XOR 4 8 8 12
XNOR 4 8 8 12

2.1 Proposed Primitive Gates using MOD-GDI technique

Figure 2 — Figure 9 represents the proposed designs of
primitive gates namely Inverter, 2 input AND gate, 2 input
OR gate, 2 input NAND gate, 2 input NOR gate, 2 input

EX-OR gate, 2 input EX-NOR gate and 2X1 multiplexer
using Modified GDI technique. All the proposed designs are
design at 90nm technology with very low supply voltage of
1.8V and to get minimum area the designs are designed.

Figure 3: Two input AND gate using Mod-GDI Technique

2.1.3. Two input OR gate
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Figure 4: Two input OR gate using Mod-GDI Technique
2.1.4. Two input NAND gate
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Figure 5: Two input NAND gate using Mod-GDI Technique
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2.1.5. Two input NOR gate
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Figure 6: Two input NOR gate using Mod-GDI Technique

2.1.6. Two input EX-OR gate
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Figure 7: Two input EX-OR gate using Mod-GDI
Technique

2.1.7. Two input EX-NOR gate
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Figure 8: Two input EX-NOR gate using Mod-GDI
Technique

2.1.8. 2 X 1 Multiplexer
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Figure 9: 2 x 1 MUX using Mod-GDI Technique

Table 3 shows the comparison of power dissipations among
three different design techniques. These proposed designs are
operated at a low voltage of 1.8V. The proposed designs are
simulated at 90nm technology. From the table it is observed
that total power dissipation of Mod-GDI designs is very low
comparative to all other methods.

These readings of power dissipation were obtained by
implementing the gates in the CMOS[9], GDI and MOD-
GDI techniques in the Mentor Graphics Pyxis schematic
tool.

Table 3: Comparison of total power dissipation with
respective to all other techniques

Primitive Gates Total power dissipation
CMOS GDI MOD-GDI
INVERTER 8.2774 pw 8.2774 pw | 8.2774 pw
AND 39.6428 uw | 40.3738 nw | 6.5160 pw
OR 44.0824 uw | 40.3738 nw | 6.5160 pw
NAND 0.1641 uw 48.5046 pw | 14.7934 pw
NOR 1.9706 uw 48.5046 pw | 14.7934 pw
XOR 85.1884 uw | 96.6106 nw | 13.0320 pw
XNOR 85.7694 uw | 49.9776 nw | 21.3099 pw
2X1 MUX 42.7019 uw | 37.7952 nw | 6.5160 pw

Table 3 clearly shows that ,using MOD-GDI technique the
total power dissipation has decreased drastically when
compared with CMOS and GDI techniques. Not only the
power dissipation but also the transistor count was also
decreased resulting the optimized and area efficient
combinational logic designs were obtained .

3. Proposed Carry-Lookahead Adder (CLA)

When we discuss about adders, the Ripple carry adders are
the basic adders which comes to count. The limiting factor of
the Ripple carry adder is the time taken to propagate the
carry. This limitation is overcome by the carry Lookahead
adder by calculating the carry in advance, according to the
input values given to the adder. Thus it results in reducing
the propagation time of the carry. To understand how the
carry look ahead adder[10] works, let us manipulate the
Boolean expression dealing with the full adder.
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In a full adder the propagate P and generate G is given as:
Pi= A ® B; (1)
Gi = Ai . Bi (2)

Equations (1) and (2) gives carry propagate and carry
generate respectively.Note that both propagate and the
generate signals will depend on the input bits given and will
be valid only after one gate delay.

The final expressions for the Output sum and carryout are
given by:

Si=Pi ® Cis (3)

Cin= G + PG (4)

These equations show that carry signal will be generated
only in two cases:

1. If both bits Ai and Bi are 1

2. If either Ai or Bi is 1 and the carry-in Ci is 1.

3.1 Design of Carry look ahead adder

Let us now apply these equations to design carry look ahead
adder of 8-bit initially and then followed by 16-bit. By using
the primitive gates i.e. AND,OR and EX-OR gates we can
design the CLA. For the 8-bit CLA we need the all 8-bit
circuits of AND, OR and EX-OR. There are three stages to
implement the CLA. In the first stage entering the input
value of Ai and Bi in binary form. It also consists XOR gate
(with input Bi and Cin) .The second stage is to generate Pi
and Gi signals. It consists of AND gates and XOR gates. The
output signals from this level are P’s and G’s signals. In the
third stage the generation of Ci signals as defined in
expression (4). The output signals Ci come from OR ing Gi
and the outcome from AND ing Ci-1 and Pi. This level
consists of OR and AND gate. In the fourth stage , the
generation of the sum signals Si. XOR gates are valid in this
level and the output value is shown in binary form at the
output. Thus we obtain the design of the 8-bit carry
Lookahead adder as shown in the Figure 10.

3.1.1. 8- bit Carry Lookahead Adder
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Figure 10: 8- Bit Carry Lookahead Adder using Mod-GDI
Technique

The inputs to this 8- bit Carry Lookahead Adder is given as
follows as shown in Figure 11. By cascading the two 8-bit
carry lookahead adder blocks we can obtain the 16-bit CLA.
The cascading of the two 8-Bit CLA blocks are as shown in

the Figure 12.Thus we obtain the 16-bit CLA and the tested
results are shown in the next section.

CLASBITI

NI

—
A X
_ | | SR
: B
. u
Y H -
|
|
2 R EE
2 el
- s
: = EE— X
BT, | I S
IE B | {36
fid e
. {>36
-[ {>sT
e

—L'"T

.

Figure 12: Design of 16-bit carry- lookahead adder.

The cascading of the two 8-bits is done by wiring the output
C9 pin of the first 8-bit CLA to the Cin of the second 8-bit
CLA. This 8-bit CLA also acts as a subtractor if the inputs to
the ZERO and Cin are given high . Thus we can also
implement a carry lookahead adder/subtractor.

4. Results and Analysis

Figure 13-14 shows the simulation results of the proposed 8-
bit CLA and the 16-bit CLA. An example for testing the
functionality of both the circuits are taken . The results are
obtained as follows when the inputs are given as :

A[7:0]=11111110 B[7:0]=11111111. The expected output is
to be as A+B = 111111101.The output is obtained in the
wave forms as follows when the inputs are given as in the
Figure 11.
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Figure 13: Output waveforms of the 8-bit carry-lookahead
adder for the given example.

The output waveforms in Figure 13, first two waveforms are
of 1’s and 0’s which are given as the bits to A[7:0] and
B[7:0]. The outputs are S[7:0]. The outputs obtained from
the waveform is equal to the expected result which is stated
before i.e. S[7:0]=111111101. So the Functionality of the 8-
bit CLA is verified.

Similarly the 16-bit CLA also gives the perfect functionality
as 8-bit CLA. The inputs given to the 16-bit CLA are
A[15:0]=1111111011111110, B[15:0]=1111111111111111
The expected output is A+B =11111111011111101.
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Figure 14: Output waveforms of the 16-bit carry-lookahead
adder for the given example.

The output waveforms in figure 14 gives the expected output
as S[15:0]=11111111011111101 for the given inputs as

stated above. Thus the functionality of the 16-bit CLA is also
verified.

The transistor count and the power dissipation of these 8-bit
and 16-bit CLA’s are tabulated in table 4 and are compared
with the CMOS design.

Table 4: Comparison of total power dissipation of 8-bit and
16-bit CLA’s in CMOS and MOD-GDI techniques.

CLA CMOS MOD-GDI
Transistor | Total Power | Transistor |Total Power|
count dissipation count | dissipation
8-bit 432 3.0027mw 144 469.148pw
16-bit 864 6.0055mw 288 938.296pw

Thus the MOD-GDI technique can be used for the
combinational digital circuits in order to achieve very low
power dissipation and also the area can be optimized than
compared to the existing.

5. Conclusions

The MOD-GDI technique was proposed and verified with
CMOS and GDI techniques. There were some disadvantages
in CMOS and GDI techniques like transistor count ,power
dissipation which are common in both and the other
disadvantage in the GDI technique is occurred during the
fabrication . All these disadvantages are overcome by the
MOD-GDI technique. Also the full swing is achieved
through this technique. The primitive gates are implemented
using the MOD-GDI technique and the comparisons with the
other techniques are also shown.

The implementation of the Carry-lookahead adder(CLA)
both the 8-bit and the 16 —bit were presented using the
MOD-GDI technique. The future research activities may
include the integration of the proposed CLA in Complex
digital circuits like ALU, and other combined sequential and
combinational logic designs.
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