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Abstract 

This paper presents the power and delay optimized multipliers utilizing MTCMOS technique. Multiplier is an essential arithmetic 

component for any DSP application, such as filtering and fast Fourier transform (FFT). Three 8 bit multipliers i.e. Array, Braun 

and Baugh Wooley has been constructed on Cadence Virtuoso and results have been compared on the basis of power, delay and 

leakage. All the simulations have been carried out on 45nm technology.                 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Reduction of power consumption makes a device more reliable. The need for devices that consume a minimum amount of power 

was a major driving force behind the development of CMOS technologies. As a result, CMOS devices are best known for low 

power consumption. However, for minimizing the power requirements of a board or a system, simply knowing that CMOS devices 

may use less power than equivalent devices from other technologies does not help much. Low power design has become a critical 

issue in VLSI design, especially for high speed systems. Usually, dynamic power dominates the power dissipation in most digital 

systems. Dynamic power dissipation mainly depends on the switching frequency, supply voltage, and the output voltage swing. 

Reducing the supply voltage is the most effective approach to decrease dynamic power dissipation. Unfortunately, lower supply 

voltage degrades performance dramatically. Lower supply voltage decreases the threshold voltage which will increase the sub-

threshold current or leakage current so the static power dissipation increases. Limiting the output voltage swing is another method 

to reduce dynamic power and delay. 

Different types of multipliers are constructed using the full adders for low power, which is an important block of the design as 

this is repeatedly used. To produce each and every partial product more than 50% of performance improvement is observed for 

every 8 bit multiplier that is being constructed.  

II. MTCMOS 

The MTCMOS approach is easy on combinatorial circuits, but it can be tricky on sequential circuits. Should the power supply be 

turned off, all data stored in the circuit will be irreversibly lost. This is the main problem with MTCMOS circuits. To deal with 

this problem complex timing scheme must be used or extra circuits have to be added. Because of these added items the performance 

of the circuit would be degraded. 

This will also require a larger die area and impose higher power losses. MTCMOS (multithreshold CMOS) reduces leakage 

current during standby mode and attains high speed in active mode. 

 
Fig. 1: Power gating structure 
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In this technique high threshold voltage transistor are used to isolate the low threshold voltage transistor from supply and ground 

during standby mode. However by including extra transistor, MTCMOS circuit faces performance penalty compared to CMOS 

circuits, if the transistor are not sized properly. 

III. 8X8 FULL ADDER 

Most often, Full adder is a part of the critical path that determines the overall performance of a system. Full adder is one of the 

most critical components of a processor that determines its throughput. In this work we have designed a new 8-bit full adder which 

consumes less power than the standard implementations of full adder cell. The proposed adder is tested and compared with the 

high transistor count and existing adders under the same conditions. 

 
Fig. 2: 8 bit full adder schematic 

IV. ARRAY MULTIPLIER 

In array multipliers, the counters and compressors are connected in a serial fashion for all bit slices of the Partial Product 

parallelogram. The array topology is a two-dimensional structure that fits nicely on the VLSI planar process. In this type of array, 

the output of each row of counters (3:2 compressors) is the input to the next row of counters. In the simple array, each row of [3:2] 

compressors adds a partial product to the partial sum, generating a new partial sum and a sequence of carries. The delay of the 

array depends on the depth of the array. Therefore, the summing time for the simple array is N-2 [3:2] compressor delays, where 

N is the number of partial products. The drawback of this type of array is the hardware is underutilized. The counters are used only 

once in the calculation of the result, for the remaining time, they are idle. This drawback can be diminished by pipelining the array. 

 
Fig. 3: 8X8 Array Multiplier 
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V. BRAUN MULTIPLIER 

An array implementation of parallel multiplier is Braun multiplier. Its last adder has a carry chain. It has the advantages of low 

capacitance and fast speed. However, its small swing gives rise to high current. Figure 4 shows the schematic of Braun multiplier. 

 
Fig. 4: 8X8 Braun Multiplier 

VI. BAUGH WOOLEY MULTIPLIER 

The Baugh-Wooley technique was developed to design direct multipliers for two’s complement numbers. When multiplying 2’s 

complement numbers directly, each of the partial products to be added is a signed number. Thus, each partial product has to be 

sign-extended to the width of the final product in order to form the correct sum by the CSA tree. According to the Baugh-Wooley 

approach, an efficient method of adding extra entries to the bit matrix is suggested to avoid having to deal with the negatively 

weighted bits in the partial product matrix. Figure 5 shows the schematic of the Baugh Wooley multiplier. 

 
Fig. 5 8X8 Baugh Wooley Multiplier 

VII. RESULTS 

Three 8X8 multipliers have been designed using MTCMOS technique and their performance is compared. The power, delay and 

leakage results have been compared in the table below. The comparison has been made between conventional 8 bit multipliers and 
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the modified multipliers using MTCMOS technique. Table 1 shows the comparison of the power, delay and leakage for different 

multipliers using different full adder architectures. 
Multiplier Type (8X8) Power (uw) Delay (p) Leakage (0V) (uA) Leakage (1V) (uA) 

Conventional Array 288.5 416.5 169.05 136.8 

Modified Array 143.5 664.5 92.7 113.85 

Conventional Braun 268 206.7 250 169 

Modified Braun 147.9 369.6 92.6 203.38 

Conventional Baugh Wooley 310.3 271.7 380.3 264 

Modified Baugh Wooley 198 376.8 250.2 141.1 

VIII. CONCLUSION 

Different multipliers have been designed at 45nm technology on Cadence Virtuoso. Simulations have been made and the results 

have been compared in terms of power, delay and minimum leakage at 0 and 1 V respectively. MTCMOS technique has been used 

as improvement factor in the modified designs. 
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