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1. INTRODUCTION 

In VLSI, the throughput of any device depends on multipliers, and if the multipliers are too slow, the performance 

of entire circuits will be reduced. As technology scales, Negative Bias Temperature Instability (NBTI) has become 

a major reliability concern for circuit designers. In this situation, the interaction between inversion layer holes and 

hydrogen-passivated Si atoms breaks the Si–H bond generated during the oxidation process, generating H or H2 

molecules. When these molecules diffuse away, interface traps are left. The accumulated interface traps between 

silicon and the gate oxide interface result in increased threshold voltage (Vth), reducing the circuit switching speed.  

When the biased voltage is removed, the reverse reaction occurs, reducing the NBTI effect. However, the reverse 

reaction does not eliminate all the interface traps generated during the stress phase, and Vth is increased in the long 

term. Hence, it is important to design a reliable high-performance multiplier. Compared with the NBTI effect, the 

PBTI effect is much smaller on oxide/polygate transistors, and therefore is usually ignored. 

 

2. BOOTH ALGORITHM 

A traditional method to mitigate the aging effect is overdesign including such things as guard-banding and gate 

oversizing; however, this approach can be very pessimistic and area and power inefficient. To avoid this problem, 

many NBTI-aware methodologies have been proposed. An NBTI-aware technology mapping technique was 

proposed in to guarantee the performance of the circuit during its life time. In, an NBTI-aware sleep transistor was 

designed to reduce the aging effects on pMOS sleep-transistors, and the lifetime stability of the power-gated 

circuits under consideration was improved. So many multiplier architectures were developed, one among them was 

booth algorithm. In this algorithm, fixed latency technique was used in which performance degradation is high and 

more time will be wasted. 

AB ST R ACT  

The advancement in digital signal processing with its various   applications made digital multipliers to play major role in technology. The overall 

performance of the systems depends on the throughput of the multiplier. Meanwhile, the negative bias temperature instability (NBTI) effect occurs 

when a pMOS transistor is under negative bias (Vgs = −Vdd), increasing the threshold voltage of the pMOS transistor, and thereby reducing 

multiplier speed. Similarly, PBTI occurs in an nMOS transistor. Both effects degrade transistor speed, and in the long term, the system may fail due 

to timing violations. Therefore, it is important to design efficient   high-performance multipliers. In this paper, we propose an aging-aware multiplier 

design with a novel adaptive hold logic (AHL) circuit and Razor flip flop. The multiplier is able to provide higher throughput through the variable 

latency and can adjust the AHL circuit to reduce performance degradation that is due to the aging effect. The experimental results show that our 

proposed architecture with 64-bit column and row-bypassing multipliers can achieve considerable performance improvement as compared with 

booth multiplier algorithm. 

Keywords:  NBTI (Negative Bias Temperature Instability), PBTI (Positive Bias Temperature Instability), AHL (Adaptive Hold Logic), Razor flip 

flop. 
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There are many multiplier architectures developed to boost the speed of algebra. Booth algorithm was one among 

them in which power consumption and area will be    more. So, this algorithm considered as inefficient. However, 

conventional circuits use critical path delay in order to perform correctly. Hence, the variable latency design was 

proposed to minimize the timing waste of conventional circuits. 

 

3. AGING-AWARE MULTIPLIER 

In Proposed system, an aging aware reliable multiplier is designed with Adaptive Hold Logic (AHL)Circuit and 

Razor flip flop. The multiplier is based on the variable latency technique. The AHL circuit is proposed to achieve 

efficient performance under the influence of NBTI and PBTI effects. 

 

Fig-1 represents our proposed aging-aware multiplier architecture, which includes two m-bit inputs (m is a positive 

number), one 2m-bit output, one column- or row-bypassing multiplier, 2m 1-bit Razor flip-flops and an AHL 

circuit In the proposed architecture, the column- and row-bypassing multipliers can be examined by the number of 

zeros in either the multiplicand or multiplicator to predict whether the operation requires one cycle or two cycles to 

complete. When input patterns are random, the number of zeros and ones in the multiplicator and multiplicand 

follows a normal distribution. Therefore, using the number of zeros or ones as the judging criteria results in similar 

outcomes. 

 

Fig-1:  Proposed Algorithm 

 

3.1 ADAPTIVE HOLD LOGIC 

Fig-2 represents the circuit for AHL. When an input pattern arrives, both judging blocks will decide whether the 

pattern requires one cycle or two cycles to complete and pass both results to the multiplexer. The multiplexer 

selects one of either result based on the output of the aging indicator. Then an OR operation is performed between 

the result of the multiplexer, and the Q signal is used to determine the input of the D flip-flop. When the pattern 

requires one cycle, the output of the multiplexer is 1. The (gating) signal will become 1, and the input flip flops will 

latch new data in the next cycle. 
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Fig-2: Circuit for AHL 

 

On the other hand, when the output of the multiplexer is 0, which means the input pattern requires two cycles to 

complete, the OR gate will output 0 to the D flip-flop. Therefore, the (gating) signal will be 0 to disable the clock 

signal of the input flip-flops in the next cycle. Note that only a cycle of the input flip-flop will be disabled because 

the D flip-flop will latch 1 in the next cycle. The overall flow of our proposed architecture is as follows: when input 

patterns arrive, the column- or row-bypassing multiplier, and the AHL circuit execute simultaneously. 

 

3.2 RAZOR FLIP FLOP 

Fig-3 represents the detailed circuit for Razor flip-flops can be used to detect whether timing violations occur 

before the next input pattern arrives. A 1-bit Razor flip-flop contains a main flip-flop, shadow latch, XOR gate, and 

mux. The main flip-flop catches the execution result for the combination circuit using a normal clock signal, and 

the shadow latch catches the execution result using a delayed clock signal, which is slower than the normal clock 

signal.  

 

Fig-3: Circuit for RFF 

 

If the latched bit of the shadow latch is different from that of the main flip-flop, this means the path delay of the 

current operation exceeds the cycle period, and the main flip-flop catches an incorrect result. If errors occur, the 

Razor flip-flop will set the error signal to 1 to notify the system tore execute the operation and notify the AHL 

circuit that an error has occurred. We use Razor flip-flops to detect whether an operation that is a one-cycle pattern 
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can really finish in a cycle. If not, the operation is re-executed with two cycles. Although the re execution may seem 

costly, the overall cost is low because the re-execution frequency is low. The AHL circuit is the key component in 

the aging-ware variable-latency multiplier. The AHL circuit contains an aging indicator, two judging blocks, one 

mux, and one D flip-flop.  

 

4. SIMULATION RESULT AND DISCUSSION 

The simulation result of aging aware multiplier consists of RTL level schematic of overall circuit and individual 

circuit elements like adaptive hold logic and Razor flip flop. Apart from this, the simulation results show that our 

proposed multiplier execution time is reduced for a considerable extent. 

              

 

Fig-3: RTL Schematic of proposed model. 

 

          

 

Fig-4: RTL Schematic of Booth Algorithm 
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Fig-4:  RTL Schematic showing Razor flip flop and AHL. 

 

 

Fig-5: Simulation output in ISim 
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Table-2 Comparison of AHL with booth algorithm 

Parameters Booth 
Algorithm 

Adaptive Hold 
Logic 
Algorithm 

Power 
Consumption 

1.293 0.114 

Minimum input 
arrival time before 
clock 

1.691ns 1.026ns 

Maximum output 
required time after 
clock 

1.018ns 0.572ns 

      
    Area 
 

 

2.223 
 

1.101 

 

5. CONCLUSIONS 

An efficient multiplier using AHL and Razor flip flop has been successfully simulated using Xilinx ISE 14.7. A 

comparative study between column /row multiplier and booth algorithm in terms of power consumption, delay and 

area is discussed in this work. The experimental results show that our proposed architecture with 64-bit column and 

row bypassing multipliers can achieve considerable performance improvement as compared with booth multiplier 

algorithm. 
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