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Abstract: Digital multipliers are emerging as the most 

essential functional entities to implement arithmetic 

applications. Researchers are working to develop 

multipliers that are efficient in terms of throughput and 

power consumption. Throughput is the important 

criteria which decide the performance of these 

multipliers. The two major effects that reduce the speed 

of the transistor are Negative bias temperature 

instability (NBTI) due to negative bias operation of 

pMOS transistor and Positive bias temperature 

instability (PBTI) due to positive bias operation of 

nMOS transistor. In this paper 32 bit Vedic multiplier 

circuit using AHL to reduce the unwanted time delay 

and power consumptions is proposed. Also this design 

can adjust AHL circuit to decrease the performance 

degradation occurred as a result of aging effect. 

Moreover, we compare the performance of Column-

bypassing multiplier, Row-bypassing multiplier and 

Vedic multiplier. This AHL technique using Vedic 

Multiplier is designed and simulated using Xilinx ISE 

and targeted on Zed board. The analysis of the results 

will endorse that the proposed design is immune from 

aging effects. The paper proves that Vedic multiplier 

with AHL has better performance than that of other 

multipliers. 

Keywords: Adaptive Hold Logic, Vedic Multiplier, 

Low power, Razor flip flop 

1. Introduction 

       Multipliers play a significant role in logical and 

arithmetic calculations. The implementation of VLSI 

systems mainly depends on the multiplication 

operation. Researchers have been trying to design and 

implement multipliers with significant objective to 

achieve low power consumption, minimum area 

consumption and high speed. Multiplication process 

can be carried out either using serial or using parallel 

methods. The system performance basically depends on 

the performance of the multiplier due to complex 

nature of the multiplier. In addition, multiplier is the 

large area consuming element. As a result it is very 

important to optimize the design with high throughput 

and low area consuming multiplier. If the throughput of 

the multiplier is increased, then the performance of the 

system is enhanced. The performance of the system is 

proportional to the performance of the multiplier.     

Therefore it is necessary to perform multiplication 

operation in most reliable way. 

In MOSFETs reliability depends on Negative-bias 

temperature instability (NBTI). This effect 

demonstrates the increase in threshold voltage and the 

decrease in drain current and trans-conductance of 

MOSFET. NBTI impact is observed in p channel 

MOSFETs having negative gate voltage at high 

temperatures i.e., VGS= -VDD. During oxidation the 

bonding between Silicon and Hydrogen atoms breaks 

producing H and H2 molecules which results in traps. 

This accumulated traps between Si and gate oxide 

results in growth of threshold voltage (Vth) and 

diminishing the speed of switching of circuit. In order 

to reduce the NBTI effect, bias voltage has to be 

removed. The reverse reaction could not avoid each and 

every trap and after longer period Vth is increased. So 

it is very essential to introduce reliable multiplier with 

high performance. 

2. Literature Survey 

      Reliable multipliers have been designed using 

various methods over many years. For example in 2014 

[1] Ing-Chao Lin developed a reliable multiplier using 

AHL logic. It describes the multiplier which is capable 

of adjusting AHL to moderate conduct degradation due 

to delay increasing. The architecture of this multiplier 

possess16 bit and 32 bit column-bypassing multipliers 

which can attain maximum performance.[2] 

CH.D.VishnuPriya, C.Srijana Devi in 2014 proposed 

architecture with 4x4 multiplication using Carry Look 

Ahead adder in final stage replacing normal Ripple 

Carry adder. This paper shows the decrease in delay 

and improves the conduct when compared to 

conventional. [3] P. Vimala and Swapna M.S gave a 

design to construct Arithmetic logic unit by considering 

AHL and vedic multiplier as its basic blocks. [4] H I 

Yang in 2011 discussed the problems on timing control 

circuits due to Negative bias temperature instability and 

Positive bias temperature. [5] Ko-chi kuo  in 2010 built 

the architecture with decreased power consumption and 

high throughput multiplier with row bypassing.[6] 

Mohammed Abdul Aziz in 2016 had proposed aging 

aware design using Vedic multiplier and showed that 

performance parameters are better observed in Vedic 

multiplier than that of traditional multipliers.[7]Y. Lee 

in 2011 considered the supply voltage, power 

consumption, body biasing voltage and NBTI delay and 
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formulated them [10] to ease NBTI effect in the system 

performance. [8] M.-C. Wen IN 2005 replaced array 

multiplier with column bypassing multiplier which was 

more advantageous in terms of power consumption. [9] 

Kai-Chiang Wu and Diana Marculescu in 2011 had 

proposed an proficient design for aging dependent 

optimization and timing analysis taking into account 

path sensitization. This study explains the significance 

of path sensitization to optimize timing of  aging-aware 

logics. By considering all the above proposed 

architectures and designs, drawbacks are overcome in 

those methods and a new multiplier design called Vedic 

Multiplier is implemented using AHL. 

3. Proposed Architecture 

3.1 .Description 

     This paper presents the functions of each element in 

the architecture and also explains the procedure how 

AHL can regulates the circuit if the aging problem 

commence. The proposed design mainly comprises of 

following blocks, 

1. Adaptive hold logic 

2. Razor flip flop 

3. Column and Row bypass multipliers 

4. Vedic Multiplier 

5. Two inputs of size n bits and output of size 2n bits 

 

Figure 1. Proposed architecture block diagram 

3.2 . Column Bypassing Multiplier 

     The multiplier which works on the basis of column 

bypassing is the advancement of the conventional array 

multiplier. The architecture of column bypassing 

resembles same as that of the array multiplier but the 

difference between these multipliers is that the full 

adder will not work when any of the input bit is 0 in 

multiplicand. For instance, let us consider 1001*1111 , 

it is witnessed that for second and third positions of 

multiplicand are zero’s. Because of this the full adder 

will have two input bits as 0’s. As a result the output 

we get is same as third bit. The multiplicand bits ai are 

given as input to the tristate buffer for selection purpose 

which controls full adder inputs. If any of the ai bits is 0 

then full adder will be in off condition. Hence this 

results in reduction in usage of power.  

 

 
Figure 2. Column Bypassing Multiplier 

3.3 Row Bypassing Multiplier 

The multiplier which works on the basis of row 

bypassing is the advancement of the conventional array 

multiplier. The architecture of row bypassing resembles 

same as that of the array multiplier but the difference 

between these multipliers is that the full adder will not 

work when any of the input bit is 0 in multiplier. For 

instance, let us consider 1111*1100 , it is witnessed 

that for first and second positions of multiplier are 

zero’s. Because of this the full adder will have two 

input bits as 0’s. As a result the output we get is same 

as third bit. The multiplier bits bi are given as input to 

the tristate buffer for selection purpose which controls 

full adder inputs. If any of the bi bits is 0 then full adder 

will be in off condition. Thus row bypassing multiplier 

also results in reduction of power consumption same as 

that of column bypassing multiplier. 

 

 
Figure 3. Row Bypassing Multiplier 

3.4 Adaptive Hold Logic 

     The working principle of AHL mainly depends on 

variable latency method. The multiplier can withstand 

effects of temperature instability in order to attain 

reliability by managing the operation of AHL circuit. 

Aging aware variable latency multiplier requires AHL 

circuit as significant element. As shown in fig 4 the 

internal modules of AHL circuit are D flip flop, 

Multiplexer, judging blocks and an age indicator. This 

age indicator reveals how worst the circuit has suffered 

degradation because of aging effect. The indication 

given by age indicator is based on count of errors that 

occur over a period of executions. 
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Figure 4. Block diagram of AHL circuit 

      Finally, after all the executions this count is reset to 

0. For very small cycle duration, the operations 

performed by multiplier are unsuccessful which leads 

to timing violations. Here razor flip flop comes into the 

picture. The functionality of razor flip flop is discussed 

further. 

The working of AHL is as follows  

1. The decision block chooses between one cycle or 

two cycles requirement to accomplish and send 

resultant signals to multiplexer depending upon the 

pattern that is provided as input.  

2. The razor flip flop generates selection signal to the 

multiplexer whether to select either of the resultant 

signals.  

3. Later the results from the multiplexer and Ql undergo 

OR operation. Final result from OR gate is loaded to D 

flip flop. 

4. If the input pattern needs only single cycle then the 

result of the mux is 1. The output of D flip flop is 

represented as gating and negation of gating signal is 

set to 1. In the subsequent cycle a new data will be 

retrieved and so on. 

5. Furtherly if the input pattern needs two cycles then 

the result of the mux is 0. Then the output of the OR 

gate loaded to D flip flop is set to 0. Therefore, this 

signal will disable the clock for the flip-flops in 

subsequent cycles. 

3.5 Razor Flip Flop 

       Timing violations observed due to short cyclic 

durations are handled by Razor flip-flops. Error signals 

are produced by these razor flip flop. If this type of 

false outputs occurs repeatedly and goes beyond a 

specified threshold, which implies that because of 

aging effect the designed circuit has undergone timing 

degradation. After degradation the output of age 

indicator is set to 1 or else it is set to 0 notifying that no 

anti degradation actions are required.  

4. Importance of Vedic Multiplier 

      Vedic multiplication is the natural method of 

solving mathematical functions based on word 

formulae i.e., basically 16 vedic formulas. Using this 

type of multiplier in processors will enhance speed and 

involves in less hardware requirement. So that 

performance and throughput of the processor can be 

improved. This paper illustrates 16x16 Vedic multiplier 

that depends upon UrdhvaTiryakbhyam sutra which is 

in detail described in Vedic mathematics with the help 

of Electronic Design Automation tool. 

      The implementation of 2x2 Vedic multiplier is 

illustrated considering two inputs A and B of 2 bit size. 

Let us take first input multiplicand A=a1a0 and second 

input multiplier B= b1b0 as shown in Fig 5. The 

multiplication involves following steps of operations 

1. Vertical Operation: Initially LSB bits of two inputs 

are multiplied to get the LSB bit of the resultant 

product. 

2. Crosswise Operation: Next,(LSB of A *MSB of B) 

and (LSB of B * MSB of A) are added. This will 

generate carry which is added to second straight 

operation.  

3. Vertical Operation: Finally MSB bits of both inputs 

are multiplied and added with carry left out in the cross 

operation. 

The equations that follow above description are, 

Sum0 =  a0b0                       Eq. (1) 

Carry1Sum1 =  a1 b0 +  a0 b1     Eq. (2) 

Carry2Sum2 =  Carry1 +  a1 b1       Eq. (3) 

 

Figure 5. Construction of 2x2 Vedic Multiplier 

     The final outcome of multiplication between two 2 

bit inputs is Carry2Sum2Sum1Sum0. This can be 

implemented using 4 AND gates and 2 HA as shown in 

Fig 6. 

 

Figure 6. 2x2 Vedic Multiplier block diagram 

4.2 Vedic 16x16 Bit Multiplier 

        The implementation of 16x16 Vedic multiplier 

requires 4 Vedic multipliers having inputs of 8 bit size. 

To explain this 16x16 Vedic multiplier operation let us 

consider two inputs A and B as follows, 

A=A15A14A13A12A11A10A9A8A7A6A5A4A3A2A1A0,B=B1

5B14B13B12B11B10B9B8B7B6B5B4B3B2B1B0and the output 

is shown in terms 

ofS31S30S29S28S27S26S25S24S23S22S21S20S19S18S17S16S15S14

S13S12S11S10S9S8S7S6S5S4S3S2S1S0. Suppose A & B is 

separated into 2 halves each 8 bits i.e., first MSB 8 

bitsA15A14A13A12A11A10A9A8 and the rest with 8 LSB 

bits A7A6A5A4A3A2A1A0for the input A and first MSB 

8 bitsB15B14B13B12B11B10B9B8 and the rest with 8 LSB 

bits B7B6B5B4B3B2B1B0 for B. By considering these 

both resultants 2 bit Vedic multiplication operation is 

implemented.  

       Vertical and Crosswise (Urdhva-Tiryakbhyam) 

formula is implemented to perform multiplication 
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operation between two numbers. The concurrent partial 

product and addition operations are the significant 

characteristic of Vedic multiplier. This feature will 

enhance easiness to perform binary multiplications 

which diminish the delay of the system. 

        Similarly we can analyze using 4x4 bit 

multiplication and also using 8x8 bit multiplication by 

separating each input into two halves.  

 

Figure 7. Construction of 4x4 Vedic Multiplier 

 
Figure 8. Architecture of 16x16  Vedic Multiplier  

       Aging aware circuit is applied for the architecture 

of vedic multiplier as shown in the above figure.  

4.3 Vedic 32x32 Bit Multiplier 

      The implementation of 32x32 Vedic multiplier 

requires 4 Vedic multipliers having inputs of 16 bit 

size. To explain this 32x32 Vedic multiplier operation 

let us consider two inputs A and B as follows, 

A0=𝐴31 𝐴30 𝐴29 𝐴28 𝐴27 𝐴26…………….𝐴4 𝐴3𝐴2𝐴1 𝐴0B=

𝐵31𝐵30𝐵29𝐵28𝐵27𝐵26…………….𝐵4𝐵3𝐵2𝐵1𝐵0.and the 

output is S63 S62 S61 S60 ……. S5 S4 S3 S2 S1 S0,Suppose A 

& B is separated into 2 halves each 16 bits i.e., first 

MSB 16 bitsA31A32A31…….A18A17A16 and rest of the 16 

LSB bits as A15A14A13A12….A3A2A1A0  for A and B is 

separated into 2 halves each 16 bits i.e., first MSB 16 

bits B31B32B31…….B18B17B16and rest of the 16 LSB bits 

asB15B14B13B12….B3B2B1B0  for B.. By considering 

these both resultants 2 bit Vedic multiplication 

operation is implemented. 

     Vertical and Crosswise (Urdhva-Tiryakbhyam) 

formula is implemented to perform multiplication 

operation between two numbers. The concurrent partial 

product and addition operations are the significant 

characteristic of Vedic multiplier. This feature will 

enhance easiness to perform binary multiplications 

which diminish the delay of the system. 

        Divide the no. of bits in the inputs equally in two 

parts. Let’s analyze 4x4 bit multiplication, say 

multiplicand 

A=𝐴31 𝐴30 𝐴29 𝐴28 𝐴27 𝐴26…………….𝐴4 𝐴3𝐴2𝐴1 𝐴0 and 

multiplier 

B=𝐵31𝐵30𝐵29𝐵28𝐵27𝐵26…………….𝐵4𝐵3𝐵2𝐵1𝐵0 0. 

Following are the output line for the multiplication 

result.   

 
 

 Figure 9. 32 bit Vedic multiplier architecture 

5. Results and Analysis 

     The simulation results illustrates the comparison of 

power dissipation and transient delay for the schematics 

using different techniques between the column 

bypassing multiplier with AHL and Vedic multiplier 

with aging aware  architecture was described using 

Verilog Coding  and we generates the synthesis report 

using Xilinx ISE and Simulation using Modelsim 

Simulator. 

 

Figure 10. Simulation result of proposed vedic 

multiplier 

 

Figure 11. RTL Schematic of 32 bit vedic multiplier  

 

Figure 12. Design utilization summary of 32 bit Vedic 

multiplier 

Table 1. Design utilization summary 

Circuit 16 bit Vedic 

Multiplier with 

aging aware 

circuit 

32 bit Vedic 

Multiplier with 

aging aware 

circuit 
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No Of 

Slices 

49 691 

No of 

fully used 

LUTS 

12 36 

 

Table 2. Timing delay and power consumption 

comparisons 

Circuit Power (W) Delay (ns) 

Column/Row Bypass 

Multiplier with aging 

aware circuit 

0.321 63.83 

32 bit Vedic 

Multiplier with aging 

aware circuit 

0.329 0.898 

16 bit Vedic 

multiplier with 

Aging aware circuit 

0.325 1.148 

 

6. Conclusion 

      This paper proposes aging aware circuit design 

which increases the reliability of the circuit. This aging 

aware was designed by adding additional circuit like 

Razor Flip-Flop and the AHL. This paper explained the 

implementation of the Vedic Multiplier architecture 

with aging aware circuit which occupies less area and 

less delay when we compared with the existing 

Multiplier that we have shown in the above section. 

The analysis of the results endorse that the proposed 

design is immune from aging effects. The experimental 

results shows that Vedic multiplier with AHL has better 

performance than that of other multipliers. 
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