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Abstract
Today, Power has become a primary consideration during 
hardware designs, and is critical in computer systems especially 
for portable devices for the need of higher performance and 
more functionality; this requires techniques for Power reduction. 
This paper proposes appropriate circuit to design the adder 
circuit o reduce power dissipation. To get better result three 
adder circuits are chosen as: a dynamic asynchronous circuit, 
a simple static ripple carry adder and a static circuit based on 
Manchester ATLAS adder. Though all the circuits will perform the 
function of adder but we have to choose the circuit which has 
minimum power dissipation. Although the asynchronous circuit 
shows a good performance on average, its energy dissipation 
per addition is inferior to the other two circuits, and in terms 
of a combined energy and speed measure, the synchronous 
static adder based on the Manchester carry path is best. Spice 
simulation results confirm and verify the theoretical idea and 
successful hardware operations.

Keywords
Power Dissipation, Adder design, Pspice 

I. Introduction
As processors continue to increase in performance and speed, 
processor power consumption and heat dissipation have 
become key challenges in the design of future high performance 
systems. For example, Pentium-class processors currently take 
well over 100W and processors in the year2015 are expected 
to take close to 300W. Increased power consumption and 
heat dissipation typically leads to higher costs for thermal 
packaging, fans, electricity, and even Air-conditioning. Higher-
power systems can also have a greater incidence of failures. 
Previous work on power-related optimizations for processor 
design can be broadly classified into two categories: (1) work 
that uses voltage and frequency scaling of the processor core 
to reduce power [2, 3, 6) work that uses “gating”–the ability 
to turn on and off portions of the core–for power management 
[1, 4, 5]. This Paper Proposes appropriate circuit to design 
ALU adder circuit to reduce power dissipation.ALU is the main 
functional unit of CPU. It is the device which is responsible for 
all the arithmetic and logical operations in CPU. It is also the 
central execution unit of a CPU. So ALU is the most important 
part of CPU which can be used as a tool to reduce the power 
dissipation in CPU. In ALU as we know we have four blocks. 
The Add/Sub block, Comparator block, Logical unit block and 
Shift/rotate block. The four blocks performs the functions as 
required [7].  Now since we are aware of the fact that if we 
want to perform an addition operation then all the blocks are 
active whereas only one block is required to be active. This 
consumes a lot of power and is wastage of power. In turn due 
to this action lot of power dissipation takes place which in turn 
reduces efficiency. In many sequential circuits it is observed 
that power dissipation and efficiency have inverse relationship 
[7]. So more is the power dissipation less is the efficiency of the 
system. Now if we make the blocks work at different triggering 
methods [8] then only half the circuit will be active.

II. Proposed Mehod To Reduce Power Dissipation In 
Alu
Addition is an operation common in circuits designed for 
portable equipment, and is typical of the digital processing 
carried out in computer systems. With the current interest in 
obtaining high performance together with long battery life, it 
is useful to compare the energy consumption per addition and 
the speed of operation of the adder designs commonly in use 
today [9]. In CMOS circuits most of the energy consumed is due 
to switching activity, with the number of nodes in the circuit, the 
stored energy per node, and the number of switching operations 
per second all contributing to the total power consumption. 
Techniques to improve addition speed, such as carry look 
ahead, increase both the number of nodes in the circuit and 
the number of transitions per node, and hence increase the 
energy dissipated. On the other hand asynchronous design 
techniques may reduce the number of unnecessary switching 
actions because an operation is requested only when it is 
required, and because the number of transitions per node can 
be limited when the operation takes place. At the same time, 
a completion signal is generated which allows an operation to 
terminate when the correct result has been obtained, and, on 
average, can produce a high speed from a relatively simple 
circuit.
Now we will consider the results for three adders: 
1. A dynamic asynchronous circuit. 
2. A simple static ripple carry adder. 
3. A static circuit based on the Manchester ATLAS adder. 
Although the asynchronous circuit shows a good performance 
on average, its energy dissipation per addition is inferior to 
the other two circuits, and in terms of a combined energy and 
speed measure, the synchronous static adder based on the 
Manchester carry path is best. 

A. 1Bit RCA adder
This circuit of 1 bit RCA Adder (as shown in fig. 1) has 9 
statically driven nodes per bit including the inputs A and B 
which also contribute to the power dissipation, and computes 
complementary carry signals in a worst case situation of one 
gate delay per bit. An analysis of the number of transitions 
required for a particular set of 1000, 32 bit additions with 
randomly chosen operands and using a pure delay with infinitely 
fast edges to model the gates shows that with the A and B 
inputs changing 0.5 times per addition, the carry changed on 
average 0.72 times, and the sum 1.21 times.

Fig. 1: 1 bit RCA Adder
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B. 1 Bit ADA adder
This asynchronous dynamic adder (as shown in fig. 2) relies on 
dual rail propagation of the carry signal. The addition begins 
when the add signal goes high and the precharge released 
allowing the sum and carry values to be evaluated. The sum 
generator applies both XOR and XNOR functions to A and B, then 
conditionally raises Sum when the dual rail carry signal (C1out 
and C0out) arrives. Dual rail carry out signals are generated 
dynamically by either propagating the carry in, or A, subject to 
whether A and B are equal. The Cvalid signal for every 4 stages 
of the adder is generated by feeding the logical OR of the dual 
rail carry out  signal into a 4-input dynamic AND gate Then 8 
Cvalid signals are ANDed to signal the completion of a 32 bit 
addition [14]. The precharge buffer tree is not shown in the 
figure. The precharge phase and the “spacer” which resets the 
dual rail carry signals after each addition are overlapped under 
the control of one add signal. There are total of 7 dynamically 
charged and 7 statically driven nodes per bit in the circuit. If 
the probability of A and B inputs changing is 0.5 times per 
addition, the number of transitions on 5 of these dynamic 
nodes is 1 because there may be either zero or two transitions 
per node. However for each addition, there are always two 
transitions on the input node to all the precharge p and n 
devices and the dynamic nodes in the Cvalid AND gate. These 
can bring the overall average up to 1.29 per node. All the nodes 
in the precharge buffer tree also have two transitions in each 
addition. 

Fig. 2: 1 bit ADA Adder

C. 1 bit SDA
A proportion of the energy dissipated in the asynchronous 
dynamic adder described above is used in generating some 
functionally redundant signals required to indicate completion. 
These include half of the dual rail carry path, and the C valid 
signal. If the dynamic asynchronous design is modified , to retain 
the dynamic nature of the circuit, but to delay the discharge of 
the Sum node until all the carries have propagated, the resulting 
circuit will now have 5 dynamic nodes, and hence a reduced 
power dissipation [10]. The penalty is that the addition time is 
now fixed because the add signal cannot be raised until after 
the worst case carry propagation time. Because two transitions 
on the nodes in the precharge buffer tree and the input node 
to the precharge transistors are still required for each addition, 
the power dissipated in each addition can well be expected 
higher than the static ripple carry adder [11]. However, the 
speed of this dynamic adder will be improved over the static 
ripple carry adder. The internal architecture of 1 bit SDA is as 
shown in fig. 3.

Fig. 3: 1 bit SDA

D. Synchronous 32 bit static adder
(ATLAS) based on the Manchester ATLAS adder Carry 
propagation is achieved in this circuit by a CMOS pass transistor 
switch which is enabled by the condition A XOR B, and the 
carry path is forced to a 1 by A AND B, or a 0 by A OR B [7]. It 
is entirely static, and so does not require either a spacer, or an 
energy intensive precharge, but suffers from the disadvantages 
of spurious transitions in the same way as other static adder 
circuits. The ATLAS based Manchester ATLAS adder is as shown 
in fig. 4. CMOS devices do not have this characteristic, and 
therefore it is necessary to restandardize the carry signal with 
an inverter made from double strength transistors every two 
carry stages with inverse logic used for the subsequent two 
stages in the carry path, in order to provide an adequate drive 
. There are 9 statically driven nodes per bit in this circuit, but 
the circuit complexity is lower than the static ripple carry adder 
(fewer loads) and the carry propagation speed is faster than the 
ripple carry adder. Because of its simplicity, and relatively fast 
carry path, its power dissipation characteristics are relatively 
good. 

 
Fig. 4: ATLAS based Manchester ATLAS adder

III. Power Consumption Estimation
The power consumption estimation of different adder circuits 
is given in Table 1.

Table 1. Power consumption estimation fig.

 
As we have seen above that by choosing appropriate clocking 
scheme and appropriate design we can significantly reduce 
the power dissipation in devices. 
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IV. Conclusion
As we have seen that power dissipation plays an important role 
in the functioning of every device. So it is required to minimize 
it. Hence we have to adapt certain strategies in order to reduce 
the power dissipation. In this paper we introduced the design 
of adder circuit including synchronous static adder based on 
the Manchester carry path is best than asynchronous adder 
circuit, which also offers adequate speed and combined 
energy. Synchronous static adder based on the Manchester 
carry path is best. The analysis and simulation results clearly 
show that the precharge phase of dynamic logic consumes 
a considerable amount of energy, and that the advantages 
of eliminating transition hazards gained by the dynamic, self 
timed adder are outweighed by the increase in the number of 
transitions per node from an average of about 0.6 to 1.29 the 
simulation result shows that ATLAS Adder would be the best 
choice in terms of absolute energy consumption per addition 
and regularity.

V. Future work
As said earlier that power dissipation is a major hazard in our 
industry nowadays so we have to exploit all out techniques 
so that it doesn’t hinders the future growth. So the basic 
requirement is to implement the logics to different circuits so 
that power is reduced substantially in all the devices. Power 
dissipation factor becomes more disaster when we are dealing 
with the VLSI industry. So necessary steps must be taken in 
order to avoid the breakdown of devices due to higher power 
dissipation. Moreover power dissipation factor may be a 
stepping stone for the development towards miniaturization 
of all the devices available. Portability of devices can only 
be achieved with miniaturization, which in turn can only be 
achieved by reducing power dissipation.
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