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Abstract. In this paper, a new general 2n x 2n bits hardware multiplier based on combinatorial 

has been designed, implemented and analysed. First, a new design for circuit to multiply two 

binary numbers with 2n bits length, this new design starts with basic 2x2 bits circuit multiplier, 

n here equal to 1. Then based on this circuit, the 4x4 bits circuit multiplier has been designed. 

And based on 4x4, the 8x8 bits multiplier has been designed and continually the 16x16 bits 

multiplier. The final design for general 2nx2n bits multiplier has been presented. All these circuits 

have been mathematically proved and tested to get the final results.  

1.  Introduction 

Multiplication hardware circuits is a significant function electronics circuits in arithmetic operations [1-

2]. The multiplication of two binary numbers (2n x 2n) bits and then accumulate the product are among 

some of the repeatedly used calculation intensive mathematical functions [3-6] presently implemented 

in many Digital Signal Processing (DSP) applications such as, convolution, fast Fourier transform, 

filtering. The multiplication of two binary numbers (2n x 2n) bits also used in microprocessors arithmetic 

and logic units. As multiplication process dominates the executions of most mathematical operations in 

the most applications of signal processing, so there is a necessity always to design a more powerful 

hardware multiplier.   

The implementation of hardware for binary multiplier can be distributing in to combinational and 

sequential hardware multiplier design. Combinational hardware multipliers are the basic and direct kind 

of multiplication. The types of combinational multipliers are Array multipliers, Booth multipliers, and 

Wallace Tree Multiplier [7], all of these types depends on the main definition of multiplication that deals 

with add and shift operations of numbers to find the final product, while the sequential hardware 

multipliers are mainly depends on a one circuit of addition to accumulate the result of multiplication. 

The sequential hardware multipliers are the smaller in size than the combinational hardware multipliers 

[8-10]. 

In this paper, a new general 2n x 2n bits hardware multiplier based on combinatorial has been designed, 

implemented and analyzed.  

2.  Design and Test Result of (2n x 2n) Bits Multiplier 

The design of the new binary multiplier is construct based on the concept of recursive use of hardware 

multiplier circuit of 2n-1 x 2n-1 bits’ circuit to construct the hardware multiplier of 2n x 2n bits.  

mailto:*yasir.hashim@ieee.org
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2.1.  Design and Test Result of (2 x 2) Bits Multiplier 

Firstly, the design will start with two binary numbers A, and B with 2 bits’ length, then 2=2n, then n=1, 

it is possible to write: 

 𝐴 = 2 𝑎1 +  𝑎0    and     𝐵 = 2 𝑏1 +  𝑏0 

Where ao, bo are the minimum significant bits and 2a1, 2b1 are the most significant bits for the A and B 

binary numbers. 

Then if we want to calculate the multiplication results (C): 

 

 C = A x B then   

𝐶 = ∑  𝑐𝑗 2𝑗

22−1

𝑗=0

 

While the number of bits for A and B are 2, So the maximum length of C will be 22 = 4 

Now, the multiplication of 2 x 2 bits can be summarized by Figure 1 below. 

 

X 21 a1 20 a0 

 20 b0 21 a1 b0                  20 a0 b0 
 

21 b1  
22 a1 b1 

 
                 21 a0 b1 

 

 

 

Figure 1. Multiplication of 2 x 2 bits 

 

Then the results of multiplication of 2x2 bits can be expressed in terms of Low part (CL) and High part 

(CH) as following: 

𝐶𝐿 = 2 𝑐1 +  𝑐0   ,   𝐶𝐻 = 2 𝑐3 +  𝑐2 

𝐶 = ∑  𝑐𝑗 2𝑗  

3

𝑗=0

=   𝑐3 23 +  𝑐2 22 +   𝑐1 21 +   𝑐0 20 =  22 𝐶𝐻 +  𝐶𝐿      

Where: 

𝑐0 =  𝑎0 𝑏0 

𝑐1 =  𝑎1 𝑏0 + 𝑎0 𝑏1 

𝑐2 =  𝑎2 𝑏2 + 𝑐𝑎𝑟𝑟𝑦{𝑐1} 

𝑐3 =  𝑐𝑎𝑟𝑟𝑦{𝑐2} 

So to implement the logic circuit to execute 2x2 multiplication using LogicCircuit software version 

2.21.01.10, and depending on the above mathematical analysis, in it is possible to construct the hardware 

circuit of 2 x 2 multiplier using 4 AND Gates (each AND gate behaves like 1 x 1-bit multiplier and 2 

Full Adder 1-bit circuits as shown in Figure 2. As illustrated in this circuit, the inputs are A and B as a 

2-bits numbers and the output will be 4-bits number, 2-bits low and 2-bits high. As an example to test 

this circuit, Figure 3 and Figure 4 represent the results of multiplying 3 by 3 and 3 by 2 in binary form 

and the results are 9 and 6. 

 

Carry 

c2 c3 

Carry 
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Figure 2. Hardware multiplier of 2x2 bits. 

 

 

 

Figure 3. Test of 2x2 bits multiplier, by Appling (112x112), the result 

is (10012) (916). 

 
 

Figure 4. Test of 2x2 bits multiplier, by Appling (112x102), the result 

is (01102) (616). 
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2.2.  Design and Test Result of (4 x 4) Bits Multiplier 

Following the same design principal of 2X2 bits multiplier, the 4 x 4 bits’ multiplier could be design, so 

4=2n, then n=2, we can summarize the results to be as following:  

 

𝐴 =   22𝐴𝐻 +  𝐴𝐿      , and     𝐵 =  22𝐵𝐻  +  𝐵𝐿      

 𝐶 =  𝐴 𝐵 = ( 22𝐴𝐻 +  𝐴𝐿  ) ( 22𝐵𝐻 +  𝐵𝐿  )      

𝐶 = 𝐴𝐿𝐵𝐿  +  22 (𝐴𝐻𝐵𝐿 +  𝐴𝐿𝐵𝐻) +   24 𝐴𝐻𝐵𝐻      

𝐶 = (𝐴𝐿𝐵𝐿  )𝐿 +  22 (𝐴𝐿𝐵𝐿  )𝐻  + 22 [(𝐴𝐻𝐵𝐿)𝐿 + 22(𝐴𝐻𝐵𝐿)𝐻 + (𝐴𝐿𝐵𝐻)𝐿 +  22(𝐴𝐿𝐵𝐻)𝐻] +
  24 [(𝐴𝐻𝐵𝐻)𝐿 +  22(𝐴𝐻𝐵𝐻)𝐻]      
𝐶 = (𝐴𝐿𝐵𝐿  )𝐿 + 22 [((𝐴𝐻𝐵𝐿)𝐿 +  (𝐴𝐿𝐵𝐻)𝐿) +  (𝐴𝐿𝐵𝐿)𝐻]+ 24 [((𝐴𝐻𝐵𝐿)𝐻 +  (𝐴𝐿𝐵𝐻)𝐻) +
 (𝐴𝐻𝐵𝐻)𝐿] +  +  26 [(𝐴𝐻𝐵𝐻)𝐻]      
 

In this case we can separate the result (C) into Low and High parts CH and CL, and then separate each 

part to Low and High as below: 

 

𝐶 =  𝐶𝐿+ 24 𝐶𝐻 = 𝐶𝐿𝐿 + 22 𝐶𝐿𝐻 + 24 (𝐶𝐻𝐿 +  22 𝐶𝐻𝐻)  
𝐶 =  𝐶𝐿+ 24 𝐶𝐻 = 𝐶𝐿𝐿 + 22 𝐶𝐿𝐻 + 24 𝐶𝐻𝐿  +  26 𝐶𝐻𝐻  
 

By comparing the two equations we can conclude that: 

 

𝐶𝐿𝐿 =  (𝐴𝐿𝐵𝐿  )𝐿 

𝐶𝐿𝐻 =  ((𝐴𝐻𝐵𝐿)𝐿 + (𝐴𝐿𝐵𝐻)𝐿) +  (𝐴𝐿𝐵𝐿)𝐻 

𝐶𝐻𝐿 =  ((𝐴𝐻𝐵𝐿)𝐻 +  (𝐴𝐿𝐵𝐻)𝐻) +  (𝐴𝐻𝐵𝐻)𝐿 + 𝑐𝑎𝑟𝑟𝑦 {𝐶𝐿𝐻} 

𝐶𝐻𝐻 =  (𝐴𝐻𝐵𝐻)𝐻 + 𝑐𝑎𝑟𝑟𝑦 {𝐶𝐻𝐿}  
 
𝑇hose four equations can be realized by the circuit in Figure 5 utilizing the four 2 x 2 Multiplier Circuits 

that represents in Figure 2 and five 2-bits parallel Adders. As an example to execute this circuit, Figure 

6 shows the results of (11112x10102) is (1001 01102) (9616). 

2.3.  Design and Test Result of (8 x 8) and (16 x 16) Bits Multiplier 

Similarly, we can expand the idea to construct 8 x 8 Multiplier, and 16 x 16 Multiplier as shown in the 

Figures 7, to 10. 

 

 

Figure 5. Hardware multiplier of 4x4 bits. 
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Figure 6. Test of 4x4 bits multiplier, by Appling (11112x10102), the 

result is (1001 01102) (9616). 

 

 

 

Figure 7. Hardware multiplier of 8x8 bits. 

 

Figure 8. Test of 8x8 bits multiplier, by Appling (0001 11112x0001 11112), the 

result is (0000 0011 1100 00012) (03C116). 
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Figure 9. Hardware multiplier of 16x16 bits. 
 

 

Figure 10. Test of 16x16 bits multiplier, by Appling (0000 0001 1111 11102x0000 0001 1111 

11112), the result is (0000 0000 0000 0011 1111 1100 0000 00012) (0003FC0116). 

2.4.  Design of General n x n Bits Multiplier 

Let us assume we have the two binary numbers A, and B with maximum bit length of 2n. 

 

𝐴 = ∑  𝑎𝑗 2𝑗
2𝑛−1

𝑗=0
      ,       𝐵 = ∑  𝑏𝑗 2𝑗

2𝑛−1

𝑗=0
  

Then if we want to evaluate C = A x B then  𝐶 = ∑  𝑐𝑗 2𝑗
2(𝑛+1)−1

𝑗=0
       



ICE4CT2021
Journal of Physics: Conference Series 2312 (2022) 012084

IOP Publishing
doi:10.1088/1742-6596/2312/1/012084

7

 

 

 

 

 

 

So the maximum length of C will be 2n  

 

The hardware circuit should be able to accurately evaluate the bits of C given the bits of A and B. 

Each number like A can be separated into two parts with the same length, High part AH and Low part 

AL. Each has a maximum length of 2(𝑛−1)  bits such that: 

 

𝐴 =   22(𝑛−1)
𝐴𝐻 + 𝐴𝐿        

𝐴 = ∑  𝑎𝑗 2𝑗
2𝑛−1

𝑗=2(𝑛−1)
+ ∑  𝑎𝑗 2𝑗

2(𝑛−1)−1

𝑗=0
= 22(𝑛−1)

 ∑  𝑎2(𝑛−1)+𝑗 2𝑗
2(𝑛−1)−1

𝑗=0
+ ∑  𝑎𝑗 2𝑗

2(𝑛−1)−1

𝑗=0
       

By comparing the two above equations we can conclude that  

 

𝐴𝐻 =  ∑  𝑎2(𝑛−1)+𝑗 2𝑗
2(𝑛−1)−1

𝑗=0
  and  𝐴𝐿 = ∑  𝑎𝑗 2𝑗

2(𝑛−1)−1

𝑗=0
 

𝐴𝐻 = 𝑎2(𝑛)−1 … … 𝑎2(𝑛−1)    and  𝐴𝐿 = 𝑎2(𝑛−1)−1 … … 𝑎0 

 

Similarly, we can express B also as two parts 

𝐵 =  22(𝑛−1)
𝐵𝐻  +  𝐵𝐿      

 

Now the result of multiplication C = A B can be express in terms of 2 parts and then separate each part 

in High and Low also, so we end up with 4 parts: 

 

𝐶 =   22(𝑛)
𝐶𝐻 +  𝐶𝐿  =    2[2(𝑛)+2(𝑛−1)]𝐶𝐻𝐻 +    22(𝑛)

𝐶𝐻𝐿 +   22(𝑛−1)
 𝐶𝐿𝐻 + 𝐶𝐿𝐿      

 

Now we can evaluate each part of the output C separately in terms of the parts of the inputs A and B 

 

 𝐶 =  𝐴 𝐵 = (  22(𝑛−1)
𝐴𝐻 +  𝐴𝐿) ( 22(𝑛−1)

𝐵𝐻  + 𝐵𝐿)      

𝐶 =  22(𝑛)
𝐴𝐻𝐵𝐻 +  22(𝑛−1)

 𝐴𝐻𝐵𝐿  + 22(𝑛−1)
 𝐴𝐿𝐵𝐻 +  𝐴𝐿𝐵𝐿         

 

Now each multiplication term can be further separated into Low and High parts with the length of 2(𝑛−1) 

bits: 

 

𝐴𝐿𝐵𝐿  =  (𝐴𝐿𝐵𝐿  )𝐿 + 22(𝑛−1)
 (𝐴𝐿𝐵𝐿  )𝐻 

𝐴𝐿𝐵𝐻  =  (𝐴𝐿𝐵𝐻  )𝐿 + 22(𝑛−1)
 (𝐴𝐿𝐵𝐻  )𝐻 

𝐴𝐻𝐵𝐿  =  (𝐴𝐻𝐵𝐿  )𝐿 + 22(𝑛−1)
 (𝐴𝐻𝐵𝐿  )𝐻 

𝐴𝐻𝐵𝐻  =  (𝐴𝐻𝐵𝐻  )𝐿 + 22(𝑛−1)
 (𝐴𝐻𝐵𝐻  )𝐻 

 

𝐶 =  22(𝑛)
[(𝐴𝐻𝐵𝐻)𝐿 + 22(𝑛−1)

 (𝐴𝐻𝐵𝐻)𝐻] +  22(𝑛−1)
[(𝐴𝐻𝐵𝐿)𝐿 + 22(𝑛−1)

 (𝐴𝐻𝐵𝐿)𝐻]

+  22(𝑛−1)
[(𝐴𝐿𝐵𝐻  )𝐿 + 22(𝑛−1)

 (𝐴𝐿𝐵𝐻  )𝐻] +  [(𝐴𝐿𝐵𝐿)𝐿 + 22(𝑛−1)
 (𝐴𝐿𝐵𝐿)𝐻] 

 

𝐶 = [ 22(𝑛)
(𝐴𝐻𝐵𝐻 )𝐿 + 22(𝑛)+2(𝑛−1)

 (𝐴𝐻𝐵𝐻 )𝐻] + [22(𝑛−1)
(𝐴𝐻𝐵𝐿 )𝐿 + 22(𝑛)

 (𝐴𝐻𝐵𝐿 )𝐻]

+  [22(𝑛−1)
(𝐴𝐿𝐵𝐻 )𝐿 + 22(𝑛)

 (𝐴𝐿𝐵𝐻 )𝐻] +  [(𝐴𝐿𝐵𝐿 )𝐿 + 22(𝑛−1)
 (𝐴𝐿𝐵𝐿 )𝐻] 

 

𝐶 = [(𝐴𝐿𝐵𝐿 )𝐿] + [22(𝑛−1)
(𝐴𝐿𝐵𝐻 )𝐿 + 22(𝑛−1)

(𝐴𝐻𝐵𝐿 )𝐿 + 22(𝑛−1)
 (𝐴𝐿𝐵𝐿 )𝐻]

+  [22(𝑛)
 (𝐴𝐻𝐵𝐿 )𝐻 + 22(𝑛)

 (𝐴𝐿𝐵𝐻 )𝐻 +  22(𝑛)
(𝐴𝐻𝐵𝐻 )𝐿] +  [22(𝑛)+2(𝑛−1)

 (𝐴𝐻𝐵𝐻 )𝐻] 
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𝐶 = [(𝐴𝐿𝐵𝐿 )𝐿] + 22(𝑛−1)
 [((𝐴𝐻𝐵𝐿 )𝐿 + (𝐴𝐿𝐵𝐿 )𝐻) +  (𝐴𝐿𝐵𝐻 )𝐿]

+ 22(𝑛)
 [( (𝐴𝐻𝐵𝐿 )𝐻 +  (𝐴𝐿𝐵𝐻 )𝐻) + (𝐴𝐻𝐵𝐻 )𝐿] + 22(𝑛)+2(𝑛−1)

 [ (𝐴𝐻𝐵𝐻 )𝐻] 
 

By comparing with the equation 

 

𝐶 =  𝐶𝐿𝐿 +   22(𝑛−1)
 𝐶𝐿𝐻  + 22(𝑛)

𝐶𝐻𝐿 +   2[2(𝑛)+2(𝑛−1)]𝐶𝐻𝐻      

 

We can conclude that 

 

𝐶𝐿𝐿 =  [(𝐴𝐿𝐵𝐿 )𝐿] 
𝐶𝐿𝐻 =  ((𝐴𝐻𝐵𝐿 )𝐿 + (𝐴𝐿𝐵𝐿 )𝐻) +  (𝐴𝐿𝐵𝐻 )𝐿  

𝐶𝐻𝐿 =  ( (𝐴𝐻𝐵𝐿 )𝐻 +  (𝐴𝐿𝐵𝐻 )𝐻) + (𝐴𝐻𝐵𝐻 )𝐿 + 𝐶𝑎𝑟𝑟𝑦{𝐶𝐿𝐻}  
𝐶𝐻𝐻 =  (𝐴𝐻𝐵𝐻 )𝐻  + 𝐶𝑎𝑟𝑟𝑦{𝐶𝐻𝐿} 

 

So we can build the 2n x 2n utilizing four 2n-1 x 2n-1 multiplier circuits and five 2n-1 bits Full Adders, as 

shown in Figure 11. 

 

 

Figure 11. General 2n x 2n Hardware Multiplier Circuit. 
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3.  Conclusion 

This paper discussed the designing, analyzing and testing of general binary multiplier with bits’ length 

of 2n. the methodology of this new hardware design has been depends on building of a new basic 2x2 

bits multiplier then based on this circuit proceed to build the more bits’ length multiplier circuits. All 

designed circuits have been mathematically analyzed and then tested. 
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