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Abstract— In this brief, a Counter based multiplier using 

Symmetric Stacking method is proposed. In this method, a 3-

bit Stacking circuit is used which groups 1’s followed by 0’s 

and then the 3-bit Stack is combined to form a 6-bit Stack by 

a novel Symmetric method. The Output of this circuit is 

converted into binary count producing a 6:3 Counter circuit 

with no XOR gates on its critical path. The proposed Counter 

is efficient when compared to existing parallel counters in 

terms of latency. Additionally, implementation of proposed 

counter in Wallace and Dadda multipliers reduces the latency 

compared to the conventional method. 
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I. INTRODUCTION 

The essential part of an Arithmetic Logic Unit is the 

Multipliers. Multiplication involves addition of partial 

products, to produce the final product. Addition of these 

partial products increases the latency of the multiplier circuit. 

Column Compression techniques were commonly 

used in order to combine the partial products efficiently. 

Many methods have been presented to reduce the partial 

products, several counters were used in [3], and counters 

based on multiplexers and transmission gate logic is used in 

[4]. The method [3] includes counters along with half adders 

and full adders to construct a counter based multipliers. It 

functioning as a counter to count group of bits of same weight 

results in 3-bits of different weight. For eg, a 5:3 counter 

accepts 5-bits of equal weights and produce output as 3-bits 

of different weight by counting number of “1” bit in the input. 

The delay in [3] is due to presence of XOR gate on 

the critical path. In [4] they use multiplexers to reduce the 

number of XOR gates on the critical path. 

In this brief, a counter circuit that uses bit stacking 

circuit followed by a novel method of combining two small 

stacks to form a larger stacks is used. XOR gates or 

multiplexers on the critical path is eliminated in the proposed 

6:3 counter. The same counter circuit was used for each 

simulation, while the internal counter was varied. The 

implementation proposed counter in multiplier circuits 

reduces the latency when compared to other counter based 

multiplier circuits. 

II. SYMMETRIC STACKING 

The proposed counter are realized using the stacking method. 

The stack can be formed by grouping all “1” bits in the inputs 

to the left, forming a 3-bit stack. Then the 3-bit stack can be 

combined to form the 6-bit stack. The counters can be 

obtained by forming 3-bit stacking first. The 6-bit stack can 

be converted to produce binary count value results in a 6:3 

counter. 

A. Three-bit stacking circuit: 

The stacking circuit contains three inputs and three outputs, 

the number of 1’s in the input is same as that of number of 

1’s in the output, except that the “1” bits are grouped to the 

left followed by “0”bits.The 3bit stacking circuit is shown in 

Fig.1. 

The output of the 3-bit stacker circuit can be formed 

by the following equations, 

Z0=A0+A1+A2                  (2.1) 

Z1=A0A1+A0A2+A1A2         (2.2) 

Z2=A0A1A2                                    (2.3) 

It denotes that the first output Z0 is “1” if any one of 

the input bit is one, and the second output Z1 is “1” if any two 

of the input bits are one, and the third output Z2 is“1” if all the 

three input bits are 1. 

 
Fig. 1.Three- bit Stacker Circuit 

B. Six Bit Stack 

A 6-bit stacking circuit with the help of 3-bit stacker circuits 

is discussed. Given six inputs A0,…,A5 is first divided into 

two groups of 3 bits which are stacked using 3-bit stacking 

circuit. Let the signals D0,D1 and D2 are stacked from the 

inputs A0,A1 and A2 and the signals K0,K1 and K2 are stacked 

from the inputs A3,A4  and  A5.  The six bits are considered as 

D2, D1, D0, K0, K1 and K2 by reversing the first stacker output. 

In Fig. 2 we noticed that train of “1” bits surrounded by “0” 

bits. To form a proper stack two more 3bit vectors are formed 

called X0,X1,X2 and Y0,Y1,Y2 by filling the X vector with 

“1”s first and then Y vector. 

The X vector can be formed by 

X0=D2+K0           (2.4) 

X1=D1+K1           (2.5) 

X2=D0+K2           (2.6) 

The first three bits are filled with “1” first, then Y 

vector are formed with the same inputs but AND gate was 

used instead of OR gate 

Y0=D2K0              (2.7) 

Y1=D1K1              (2.8) 

Y2=D0K2              (2.9) 
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Fig. 2: Six bit stack 

If the input contains “1”bits not more than three then 

all the Y vector are zero. If the input has more than three “1” 

bits then some of the AND gate have both the input as “1” 

and the corresponding output will become “1”. In Fig 2 we 

noticed that  X0,X1,X2 and Y0,Y1,Y2 contains same numbers 

of “1” as input, but X vector will be filled with ones before 

filling the Y vector. The output of these two vector can be 

concatenated to form the 6-bit stack output Z5,…,Z0, by using 

two more 3-bit stacking circuits. 

III. COUNTER CIRCUITS 

A. 6:3 Counter Circuit 

To form a 6:3 counter circuit the 6-bit stacking circuit must 

be converted to a binary number which denotes the number 

of “1”s in the input. It can be done easily with the help of 

intermediate values D and K to compute the each output bit 

without the need of bottom layer. The output bits are 

represented as C2, C1,S which returns the number of “1” bits 

in the input as binary count. 

The sum S can be easily determined by the parity of 

the input bits, even parity will occurs in the if zero or two “1” 

bits appears in the A0, A1 and A2.Similarly even parity occurs 

in the K if zero or two”1” bits appears in the A3,A4 and 

A5.These can be calculated easily from the intermediate 

vector as 

De= D0’+D1D2’         (3.1) 

Ke= K0’+K1K2’         (3.2) 

As S indicates odd parity, we can compute S as, 

S= De ^ Ke                     (3.3) 

As this includes one XOR gate which is not in the critical 

path. To compute C1, we have to note that C1=1, when the 

count is 2, 3 or 6. For this we need to check, if we have atleast 

two inputs but not more than three inputs. It can be done with 

the help of intermediate value D, K and Y vector. To check 

for atleast two inputs we use top level stack or stack of length 

one, which yields D1+K1+D0K0. To check for not more than 

three inputs, we have to check that none of the Y vector is set, 

it will set only there are more than three inputs by, 

(Y0+Y1+Y2)’. Second we need to check whether all the inputs 

are set, for this it is enough to check the right most bit in the 

D and K which yields D2K2. Combining together we get C1 

as, 

 
Fig.3. 6:3 Counter Circuit 

C1=(D1+K1+D0K0)(Y0+Y1+Y2)’+D2K2                   (3.4) 

C2 can be easily calculated as, 

C2= Y0+Y1+Y2                                                                              (3.5) 

Using the equations from (3.3)-(3.5), we can construct 6:3 

counter circuit as shown in Fig. 3. 

B. 3:2 counter circuit 

It can be constructed from the 3-bit stacker output, let us 

consider Z as the three bit stacker output. The S1 will be one 

if any one of the output bit from stacker circuit is “1”, it can 

be formed by the following equation 

S1=(Z0Z1’Z2’)+(Z0’Z1’Z2)+(Z0’Z1Z2’)+(Z0’Z1’Z2’)     (3.6) 

C3 will be set as 1 if any two of the output bits from stacker 

circuit is “1”, formed by 

C3=(Z0’Z1Z2)+(Z0Z1’Z2)+(Z0Z1Z2’)+(Z0Z1Z2)            (3.7) 

By using the equations (3.6) and (3.7) 3:2 counter can be 

constructed as shown in Fig. 4. 

 
Fig. 4: 3:2 Counter Circuit 

IV. MULTIPLIER SIMULATION 

The Wallace multiplier and Dadda multiplier were simulated 

using Modelsim software. Simulation was done for standard 

Wallace and standard Dadda multipliers, counter based 

Wallace and counter based Dadda multipliers and our 

proposed method for both the multipliers. The simulated 

result for 16-bit Wallace and Dadda  multipliers using 

symmetric stacking  method are shown in Fig.5 and Fig. 

6.The symmetric stacking method was applied in counter 

based multiplier and the delay were compared with existing 

counter based method and standard method. The same 

method was applied for all the multipliers size, without 

changing the multiplier design rather internal counter was 

varied in existing counter based multiplier design. The stack 

based 6:3 counter simulation is shown in Fig.7. 
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Fig. 5: 16-bit Symmetric Stacking based Wallace Multiplier 

 
Fig. 6: 16-bit Symmetric Stacking based Dadda multiplier 

 
Fig. 7: 6:3 Stack Based Counter Simulation 

The 5:3 and 4:3 counter does not varies and the 7:3 

and 6:3 counter gets varied for the implementation of our 

proposed method. Instead of full adders our proposed 3:2 

counter was used, and the half adder remains unchanged.  An 

example of 16-bit reduction tree that uses the symmetric stack 

based counter is shown in Fig. 8 and an existing counter is 

shown in Fig. 9.The final stage in the Fig. 8 is reduced with 

the help of half adders and in Fig. 9. The last stage is reduced 

with the help of Carry Save adder. 

The proposed method and the existing method were 

synthesized using XILINX software and the delay were 

compared for both the method. Table I shows the delay 

comparison of 8-bit and 16-bit multipliers. From table I it was 

analyzed that the delay get reduces for our proposed method 

when compared to counter based and traditional method. The 

Wallace and Dadda tree built using our proposed method is 

faster and efficient than multipliers of same size built using 

standard or existing counter based method. 

 
Fig. 8: Reduction tree for Stacking Method 

 
Fig. 9: Reduction tree for Existing Method 

 
Table 1: Multipliers Simulation Results 

V. CONCLUSION 

In this brief a new binary counter design based on novel 

symmetric method is proposed, for faster multiplier design 

and efficient addition of partial products. The proposed 6:3 

counter along with 3:2 counter can be used in all multiplier 

circuits for efficient addition of partial products and to reduce 

the delay. We demonstrated, that 6:3 counter circuit along 

with 3:2 counter circuit using symmetric stacking method 

achieves higher speed and reduces the delay. This is due to 

lack of XOR gates or multiplexers in its critical path. The 

proposed multipliers using symmetric stacking method can be 

well suitable for higher order multipliers up to 128 bits. 
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