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One bit Full adder design in Sub threshold
region with low Power Delay Product (PDP)
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Abstract— In this paper, we designed one bit full adder with
ultra-low power, high speed logic family, that is DMTGDI
logic. The entire design is implemented under sub threshold
region. This logic family is implemented based on the
advantages of both Gate Diffusion Input (GDI) and Dual Mode
Logic (DML). Simulations have been performed on a single bit
full adder and compared with other sub threshold logic
families. In this work, it is proved that a single bit full adder
can be implemented with very less number of transistors using
GDI compared to the previous work. And DMTGDI takes less
number of transistors compared to conventional CMOS logic
and shows better performance improvement over conventional
DML, and significant reduction of power-delay product (PDP)
in Static and Dynamic modes. The schematic is implemented in
Mentor Graphics tool and results of these logic families are
compared. This shows that the DMTGDI is having better
performance characteristics over conventional sub threshold
logic families.

gates such as Inverter, AND, OR, MUX, XOR and XNOR in
addition to two other functions as shown.

Fig 1. Basic GDI cell

Index Terms— Gate Diffusion Input (GDI), Sub threshold,
Dual Mode Logic (DML), DMTGDI.

I. INTRODUCTION
Nowadays, all electronics appliances working under low
power consumption. To achieve low power, instead of using
components working under threshold region, its better to use
sub threshold devices. Sub threshold device means, the logic
functions will be implemented below threshold voltage.
Because of this minimum energy point can be achieved [1].
The voltage ranges varies between 300mV to 500mV. But,
with this type of subthreshold circuits there are some issues
that depends on the power limitations when compared with
devices work above threshold region. Among these power
limitations, the important limitation is the performance that
is affected by supply voltage. Hence the performance should
be improved for subthreshold [9] circuits to meet the
requirements of the market. For this purpose, several logic
families have been introduced and compared.

Table 1. Functions of GDI Logic
In GDI logic output swing is reduced for some input
combinations. Therefore, additional buffer stage is required
to solve this issue which in turn increases power
consumption. To overcome this limitation, the circuit is
modified by taking transmission gates in place of single pass
transistors. We can say it is an enhanced version of GDI logic
family. This logic is known as Transmission Gate Diffusion
Input (TGDI) [1]. Here, the reduction of output voltage swing
has been fixed without additional buffer stage.

II. GDI AND TGDI LOGIC FAMILIES
One of the low power logic family is Gate Diffusion
Input(GDI) logic which consists of only two transistors and
has the ability to implement a wide range of two input logic
functions [7], with less power consumption and higher speed
compared to the standard CMOS or pass transistor logics.
The Fig.1 shows the basic GDI cell and Table.1shows how
various logical functions can be derived from the basic GDI
cell. The main advantage of the GDI cell over normal CMOS
is, only two transistors are enough to implement some logic
Fig 2. TGDI logic cell

375
All Rights Reserved © 2017 IJSETR

International Journal of Science, Engineering and Technology Research (IJSETR)
Volume 6, Issue 3, March 2017, ISSN: 2278 -7798

As the GDI logic consists of only two transistors, the
switching speed may be reduced during charging and
discharging modes due to the existence of capacitor. This
problem can be avoided in case of TGDI, as it is implemented
with pass transistor logic. The comparison of power and
delay and power delay product are shown in Table.2 for
AND, OR and MUX logics. The delay means the average
delay which can be calculated as the critical path delay, the is
the highest path in the total logic circuit. Both logic families
have been simulated with same size in 130nm CMOS
technology in sub threshold region with supply voltage [1] of
300mV and 500mV. It can be observed from this table that
delay of TGDI logic is lower than GDI. But the TGDI
requires double the transistors in comparison with GDI logic,
which requires more area and power consumption. This
means that power and delay of TGDI should be compared
with the average of GDI gates. It is shown that the delay of
TGDI is reduced compared to the GDI logic as shown in
Table 2.

M1 goes off DML will look like a CMOS logic with an extra
parasitic capacitance of M1 transistor. In dynamic mode of
operation, the clock is not constant and which varies between
two logic values 0 and 1 continuously for a specific period, so
the clock is an asymmetric clock. When the clock is logic 1,
the DML acts in pre-charge mode and when the clock is logic
0, the DML acts in evaluation phases [1].
The following table shows the comparison of DML
logic families for Type-A and Type-B in static and Dynamic
modes of operation for both 300mV and 500mV.

Table 3. PDP of DML static and Dynamic
IV. DUAL MODE TGDI LOGIC

Table. 2. PDP of GDI and TGDI
III. DUAL MODE LOGIC (DML)
Another type of Sub threshold logic family is Dual
Mode Logic (DML) which can be operated in static and
dynamic modes [4]. DML logic is designed with an
additional transistor M1 is connected at the output of static
CMOS logic. But due to this, the logic requires more number
of transistors when going of higher realizations.

Fig. 3. DML structure
This logic family consumes very less power (proved
experimentally) and shows high performance. The basic idea
of DML structure is shown in Fig.3. Based on the structure of
DML, it can be operated in two types namely Type-A and
Type-B. Each type is having static and dynamic modes of
operation. In DML, the additional transistor connected at the
output will come in parallel with the pull up transistors in
Type-A mode and it will be in parallel with pull down
transistors in Type-B. As the number of transistors increased
in DML, the size of transistors are also considered as an
important factor as in the case of CMOS logic [6].
In static mode, the clock is applied with a constant
input that’s why the name static). For clk= VDD, the transistor

Next, we propose to use TGDI as a basis for a new
dual mode logic family called “Dual Mode TGDI logic” or
DMTGDI logic[1]. Finally, performance and power
consumption of conventional DML, GDI and TGDI has been
investigated and compared to DMTGDI logic for
implementation of a single bit full adder block.
By replacing static CMOS circuit with TGDI in
DML structure DMTGDI logic is obtained as shown in Fig.
4. Using this structure, one may implement wide range of
logical functions with few transistors in the unit cell.
Therefore, it would be reasonable to expect that power
consumption and delay would be less than conventional
DML.

Fig. 4. DMTGDI logic cell a) Type-A, b) Type-B
V. PROPOSED WORK
In this work, one bit full adder is designed in all the stated
logic families like GDI, TGDI, DML and DMTGDI. The
average power and delays are measured and compared with
each other.
Generally, the full adder is designed with two XOR
gates, two AND gates and one OR gate. But due to this, the
area is increased. So, to reduce area the full adder can be
designed with two XOR gates and one multiplexer only.
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simulation and comparison of performance,
consumption and area of logic families.

power

Fig.5. Full adder circuit
As shown in the figure, the full adder can be
realized with three logic gates. The proposed structure is
developed with the help of basic cell GDI which means each
logic function takes only two transistors. Hence, as shown in
fig.6, for basic GDI design the full adder needs only 10
transistors.

Fig. 6. Full adder using GDI
The TGDI logic is implemented to avoid the
limitation in GDI, and which needs 28 number transistors.
But though the number of transistors increases, the output
voltage swing can be achieved greatly. The same full adder is
also implemented using Dual Mode Logic in static and
dynamic modes.
To achieve less power consumption, less delay and
very less area, here we combine all these logic families and
introduced a new logic family DMTGDI. The proposed one
bit full adder design using DMTGDI logic is done with less
number of transistors. The comparison table also shown to
compare the results of various subthreshold logic families for
both 300mV and 500mV.

Table 5. Performance comparison of logic families for
500mV
The Schematic diagram of proposed full adder in
DMTGDI logic is shown in Fig. 7. The DMTGDI logic
required 35 transistors for full adder implementation. The
critical path delay and power consumption are shown in
Table 5. And power delay products (PDP) of different logics
are compared in Table 5. The Fig. 8 shown the performance
characteristics of various logic families compared each other.
In these simulations supply voltage has been varied between
300mV to 500mV for power measurements. Here, the
performance comparison is done for all logic families for
300mV, which leads to a conclusion that the proposed family
DMTGDI gives very less delay and moderate power
consumption. Hence the Power Delay Product (PDP) of
DMTGDI, in Dynamic mode of operation, is also very less
compared to all other families. And it is also observed that
the DMTGDI logic performance in Static mode is similar to
the performance of TGDI logic family as shown in Fig 8.,
because in static mode the clk is constant which makes the
M1 transistor OFF in Type-A and ON in Type-B topology.
Hence finally the one bit full adder is designed with
cascade of Type-A and Type-B topologies to achieve better
performance. The area of the transistor is also reduced to
19.5nm2.

Table 4. performance comparison of logic families for
300mV
VI. SIMULATION RESULTS AND CONCLUSION

Fig. 7. DMTGDI Full Adder

A single bit full adder which demonstrated in Fig. 7, has
been implemented in conventional DML, GDI, TGDI and
DMTGDI logics. These circuits have been used for
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Fig. 8. Performance comparison of various logic families
for 300mV
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