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ABSTRACT 

A new binary counter design is proposed. It uses 3-bit stacking circuits, which group all of the “1” bits 

together, followed by a novel symmetric method to combine pairs of 3-bit stacks into 6-bit stacks. The bit 

stacks are then converted in to binary counts, producing 6:3 counter circuits without xor gates on the critical 

path. The eliminated xor gates results in faster designs with efficient power and area utilization. In the 

proposed work “and, or, xor” gates are replaced by 4:1 multiplier to design the 6:3 counter. The proposed 

counters in existing counter-based on Wallace tree multiplier architectures reduces latency and power 

consumption for 64 bit multipliers.  

Index term: Stacking, Power, Area, Latency 

 

 

INTRODUCTION 

In order to combine the partial products 

efficiently, column compression is commonly 

used. Many methods have been presented to 

optimize the performance of the partial product 

summation, such as the well-known row 

compression techniques in the Wallace tree or 

Dadda tree, or the improved architecture. These 

methods involve using full adders functioning as 

counters to reduce groups of 3 bits of the same 

weight to 2 bits of different weight in parallel 

using a carry-save adder tree. Through several 

layers of reduction, the number of summands is 

reduced to two, which are then added using a 

conventional adder circuit. To achieve higher 

efficiency, larger numbers of bits of equal weight 

can be considered. The basic method when dealing 

with larger numbers of bits is the same: bits in one 

column are counted, producing fewer bits of 

different weights. For example, a 7:3 counter 

circuit accepts 7 bits of equal weight and counts 

the number of “1” bits. This count is then output 

using 3 bits of increasing weight. The 7:3 and 6:3 

counter circuits can be constructed using full and 

half adder. Various recoding schemes are used to 

reduce the number of partial products. 

Compressors have been widely used for reduction 

process which usually contributes the most to the 

delay, power and area of the multiplier. To achieve 

a better performance, the use of higher order 

compressors instead of conventional compressors, 

e.g. 3:2 compressors, have been considered. The 

reduction process finally results in a 2-row matrix, 

and then a high speed adder is used to get the final 

result from the two rows. Several type of 

implementation based on the conventional 7:3 

architecture is proposed to be used for fast 

multiplication or multiple addition applications. 

The proposed 7:3 compressors and the most 

efficient contender have been simulated using 

HSPICE 0.25um technology. The results show a 
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drastic improvement, as will be discussed later. 

Previously, 3:2 compressors were used to reduce 

the partial product matrix; each reduces the 

number of inputs by a factor of 3:2. Thereafter, for 

the purpose that the compression rate might be 

increased, other higher order compressors have 

been developed. This attempt has yielded a faster 

partial product compression than the use of 3:2 

counters [1-3]. 

Symmetric bit stacking 

The proposed 6:3 counter is realized by first 

stacking all of the input bits such that all of the “1” 

bits are grouped together. After stacking the input 

bits, this stack can be converted into a binary count 

to output the 6-bit count. Small 3-bit stacking 

circuits are first used to form 3-bit stacks. These 3-

bit stacks are then combined to make a 6-bit stack 

using a symmetric technique that adds one extra 

layer of logic. 

Three-Bit Stacking Circuit 

Given inputs X0, X1,and X2, a 3-bit stacker 

circuit will have three outputs Y0, Y1, and Y2 such 

that the number of “1” bits in the outputs is the 

same as the number of “1” bits in the inputs, but 

the “1” bits are grouped together to the left 

followed by the “0” bits. It is clear that the outputs 

are then formed by 

Y0 =X0+X1+X2 

Y1 =X0X1+X0X2+X1X2 

Y2 =X0X1X2 

Namely, the first output will be “1” if any of 

the inputs is one, the second output will be “1” if 

any two of the inputs are one, and the last output 

will be one if all three of the inputs are “1.” The 

Y1 output is a majority function and can be 

implemented using one complex CMOS gate. The 

3-bit stacking circuit [4-8]. 

High speed counters 

The aim of the proposed counter-based Wallace 

multiplier is to use only the 7:3 counters along 

with the full adder and half adder to construct the 

multiplier. [9, 10]However this would result in 

more reduction stages as well as the restriction of a 

generic formula to compute the number of 

reduction stages for a N-bit multiplier. This issue 

is solved by incorporating 6:3, 5:3, and 4:3 

counters along with the preferred 7:3 counter. We 

used the 7:3 counter proposed due to its simple and 

fast circuit. The Boolean equations used to 

implement these counters are given as follows 

Counter 

The design of 7:3 counter is extensively studied 

in the literature and a number of architectures are 

proposed. The 7:3 counter proposed is selected for 

the proposed CBW multiplier due to its high speed 

operation. The Equation gives the boolean 

functions for Sum, Cout1, and Cout2 for the 7:3 

counter [11-15]. 

Converting bit stack to binary number 

In order to implement a 6:3 counter circuit, the 

6-bit stack described must be converted to a binary 

number. For a faster, more efficient count, we can 

use intermediate values H,I, and K to quickly 

compute each output bit without needing the 

bottom layer of stackers. Call the output bits C2,C1, 

and s in which C2, C1,Sis the binary representation 

of the number of “1” input bits. To compute S, we 

note that we can easily determine the parity of the 

outputs from the first layer of 3-bit stackers. Even 

parity occurs in the zero or two “1” bits appear in 

X0, X1,and X2. Thus, He and Ie, which indicate 

even parity in the H and I bits, are given by 

He = H0+H1H2 

Ie = I0+I1 I2. 

As S indicates odd parity over all of the input 

bits, and because the sum of two numbers with 

different parities is odd, we can compute B0 as 

S=He ⊕ Ie 

Although this does incur one XOR gate delay, 

it is not on the critical path. To computeC1, we 

noteC1=1 when the count is 2, 3, or 6. Therefore, 

there are two cases. First, we need to check if we 

have at least two but no more than three total 

inputs. We can use the intermediate H,I, and K 

vectors for this. To check for at least two inputs we 

need to see stacks of length two from either top 

level stacker, or two stacks of length one, which 

yields H1+I1+H0I0. To check that we do not have 

more than three inputs set, we simply need to make 

sure that none of the K bits are set as the K vector 

is only set when more than three inputs are “1,” as 

discussed in Section II. This gives (K0+K1+K2)` 

.Second, we need to check if we have all six inputs 
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as “1.” We can check this by checking that all 

three of both the H and I bits are set. As these are 

bit stacks, we simply check the rightmost bit in the 

stack for this case, which yields H2I2. Altogether, 

these yields [16, 18] 

C1 = (H1+I1+H0I0)-(K0+K1+K2) +H2I2. 

We can easily calculateC2 as it should be set 

whenever we have at least 4-bit set 

C2 = K0+K1+K2. 

The final 6:3 counter circuit can be constructed 

as shown in Fig. 4. Using larger CMOS gates, the 

critical path delay is reduced to seven basic gates. 

As there are no XOR gates on the critical path, this 

6:3 counter outperforms existing designs 

[17,19].One drawback of this design is an increase 

in wiring complexity: we see from that the 

symmetric approach necessitates signals crossing 

after the first layer of stackers, while traditional 

counters do not have as many crossing paths.

 

EXISTING SYSTEM 

COUNTER SIMULATION 

 
Fig.1.A 6:3 Counters based on Symmetric Stacking 

 

The 6:3 counter design was built as a standard 

CMOS design and simulated using spectra, using 

the ON semiconductor C5 0.5-μm process 

(formerly AMI06). For comparison, a 6:3 counter 

design was implemented using standard CMOS 

full adders as in Fig. 1. The parallel counter was 

converted to a 6:3 counter and simulated as well. It 

has a critical path delay of 3∆XOR+2 basic gates. 

The mux-based counter design was also simulated. 

It has a critical path delay of 1∆ XOR+3∆ MUX. 

Two of the muxes on the crucial path can be 

implemented with trans-mission gate logic which 

is slightly faster. The proposed 6:3 counter has no 

XOR gates or muxes on its critical path. It has a 

critical path delay of seven basic gates. The results 

of the simulation of these four 6:3 counter 

implementations in terms of latency, average 

power consumption, and number of transistors 

used. Average power consumption was calculated 

by integrating the spectre instantaneous power 

consumption out-put and dividing by the 

simulation runtime. For the proposed counter, 

these results are for the entire counter including 

the 3-bit-stacker circuits and binary conversion 

logic. The transistor count is output in the circuit 

inventory in the spectre output as a node count. 

The simulation was run at 50 MHz. Because the 

proposed 6:3 counter based on bit stacking has no 
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XOR gates on its critical path, it operates nearly 

30% faster than all other counter designs. Thus, 

this novel method of counting via bit stacking 

allows construction of a counter for a substantial 

performance increase without increasing power 

consumption [20-22]. 

 

PROPOSED SYSTEM 

In order to combine the partial products 

efficiently, column compression is commonly 

used. Many methods have been presented to 

optimize the performance of the partial product 

summation, such as the well-known row 

compression techniques in the Wallace tree or 

Dadda tree, or the improved architecture in new 

design technique for column compression 

multipliers. These methods involve using full 

adders functioning as counters to reduce groups of 

3 bits of the same weight to 2 bits of different 

weight in parallel using a carry-save adder tree. 

Through several layers of reduction, the number of 

summands is reduced to two, which are then added 

using a conventional adder circuit. To achieve 

higher efficiency, larger numbers of bits of equal 

weight can be considered. [23]The basic method 

when dealing with larger numbers of bits is the 

same: bits in one column are counted, producing 

fewer bits of different weights. For example, a 7:3 

counter circuit accepts 7 bits of equal weight and 

counts the number of “1” bits. This count is then 

output using 3 bits of increasing weight. The 7:3 

and 6:3 counter circuits can be constructed using 

full and half adders. Much of the delay in these 

counter circuits is due to the chains of adder on the 

critical path. Therefore, much faster parallel 

counter based architecture needed to reduce delay. 

A parallel 7:3 counter used to design a high speed 

counter-based Wallace tree multiplier.

  

TABLE 1 

MULTIPLIER SIMULATION RESULTS 

 

 

 

 

 

SIMULATION RESULTS 

 
Fig 2. Simulation result for counter based Wallace tree multiplier 

 

CONCLUSION 

In this brief, a new binary counter based on a 

novel symmetric bit stacking approach is proposed. 

We showed that this counting method can be used 

to implement counter based Wallace tree 

multiplier, which can be used in any binary 

multiplier circuit to add the partial products. this 

bit stacking technique achieve higher speed than 

other higher order counter designs while We 

demonstrated reducing power consumption. This is 

due to the lack of XOR gates and multiplexers on 

the critical path. 

 Gate Count Power 

Existing 22467 92 (91.86) 

Proposed 20762 85 (84.94) 
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