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Abstract: In this paper, design of 4 Bit array multiplier using adiabatic 2PASCL logic is presented, one by using Ripple Carry 
Adder logic and another by introducing Carry Save Adder (CSA) adder in partial product lines. The multipliers presented in this 
paper are designed using Tanner EDA Tool in 180nm technology. The comparison is done on the basis of three performances 
parameters, Power Consumption, Delay, and Power Delay Product. To design an efficient multiplier now-a-days in terms of area, 
speed, power has become a challenging task in the VLSI Design field. Multiplier with CSA gives better results in terms of Power 
Consumption (57.90% improvement) which is efficient than Ripple Carry Array Multiplier and Delay is being reduced by 6.2% in 
case of carry save adder when compared to that of Ripple carry Adder. 
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I. INTRODUCTION 

In the past, the major concerns of the VLSI designer were area, performance, cost and reliability; Power consideration was mostly 
of secondary importance. In recent years, however, this has begun to change and, increasingly, power is being given comparable 
weight to area and speed considerations. Several factors have contributed to this trend. Perhaps the primary driving factor has 
been the remarkable success and growth of the class of personal computing devices (portable desktops, audio- and video-based 
multimedia products) and wireless communications systems (personal digital assistants and personal communicators) which 
demand high-speed computation and complex functionality with low power consumption. The design of low- power integrated 
circuits requires as in depth understanding of the target technology, system architecture, and circuit techniques to achieve the 
target specifications and the minimum power dissipation on a wider range of operating speeds. 
Multipliers [7, 12] play an important role in today’s digital signal processing and various other applications. With advances in 
technology, many researchers have tried and are trying to design multipliers which offer either of the following design targets – 
high speed, low power consumption, regularity of layout and hence less area or even combination of them in one multiplier thus 
making them suitable for various high speed, low power and compact VLSI implementation. In many DSP algorithms, the 
multiplier lies in the critical delay path and ultimately determines the performance of the algorithm. The speed of multiplication 
operation is of great importance in DSP as well as in general processor. In the past, multiplication was implemented generally 
with a sequence of addition, subtraction and shift operations. There are many algorithms proposed in literature to perform 
multiplication, each offering different advantages and having trade off in terms of speed, circuit complexity, and area and power 
consumption.  
 In this paper, we simulate a 4 bit Array Multiplier using Ripple Carry and Carry Save Adder circuits using 2 Phase Adiabatic 
static CMOS Logic circuit utilizing 0.18 µm standard CMOS technology using Tanner EDA Tool. Performance metrics (Power, 
Delay, PDP) has been calculated with frequency and Power analysis with voltage scaling has been done and comparison of these 
parameters with that of conventional CMOS Logic Circuits has been done.  
 
The paper is organized in the following manner. Adiabatic circuits is described in section II of the paper. Section III demonstrates 
the 2 Phase Adiabatic Static CMOS Logic Circuits [10-12] and it’s working. Section IV describes the multiplier circuits and the 
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Array Multiplier and the carry save array multiplier being used in the paper. Simulation results and comparison with conventional 
CMOS logic circuits has been reported in section V and section VI concludes the paper. 
 

II.ADIABATIC CIRCUITS 

Adiabatic [1-5] circuit technique is a different means to reduce dynamic power dissipation. The main idea is to conserve the 
energy that would otherwise be dissipated as heat. As we know, for conventional CMOS all the energy drawn from the supply 
voltage is used only once before being discarded. Adiabatic circuits while implemented with the charge-recovery power clock 
generators allow the recycling of energy to reduce the total energy drawn from the power supply. The adiabatic logic is also 
known as ENERGY RECOVERY CMOS [3]. 

 
III. TWO PHASE CLOCKED ADIABATIC STATIC CMOS LOGIC 

 
1. Circuit Structure 
Figure 1 shows a circuit diagram of 2PASCL [9-12] inverter. The difference between 2PASCL and conventional CMOS logic is 
that it uses two diodes, one placed between the output node and the power clock and another diode placed adjacent to the NMOS 
logic circuit and is connected to another power source. Another difference is that split level sinusoidal power clock supplies ø and 
ǿ are used to replace Vdd and Vss respectively. By using two split level sinusoidal waveforms, we can reduce the voltage 
difference, thus reducing the charging and discharging activities. 
 

 
Fig.1. Two Phase Adiabatic Static CMOS Inverter 

 
   Both the MOSFET diodes are used to recycle charges from the output node and to improve the discharging speed of internal 
signal nodes. This kind of circuit design is used when the signal nodes are preceded by a long chain of switches. From the 
previous design of complementary sinusoidal voltage driver clocks of each V p-p being 0.9 V, we observed several fluctuations of 
the output waveforms especially at the HIGH state. This could affect the results when long cascading logic circuits are designed. 
To solve this problem, we introduce unsymmetrical split level sinusoidal power supply clocks.    
      For this unsymmetrical split level sinusoidal voltage drivers, the peak-to-peak voltage of ø and ǿ are Vdd/6 and 5Vdd/6. The 
voltage level of ø exceeds that of ǿ by a factor of Vdd/2.12. The circuit operation is divided into two phases: evaluation and hold. 
In the evaluation phase, ø swings up and ǿ swings down. On the other hand, in the hold phase, ǿ swings up and ø swings down. 
The operation of the 2PASCL inverter is explained as follows. 
        In evaluation phase, when the output node Y is LOW and the PMOS tree is turned ON, capacitor CL gets charged through 
the PMOS transistor, and hence, the output is in the HIGH state. When node Y is LOW and NMOS is ON, no transition occurs. 
When the output node is HIGH and the PMOS is ON, no transition occurs. When node Y is HIGH and the NMOS is ON, 
discharging via NMOS and D2 causes the logic state of the output to be “0”. 
       During hold phase, when node Y is LOW and the NMOS is ON, no transition occurs. At the point when the preliminary state 
of the output node is HIGH and the PMOS is ON, discharging via D1 occurs. From the operation of 2PASCL, number of dynamic 
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switching transition occurring during the operation of the 2PASCL circuit decreases as the charging/discharging of the circuit 
nodes does not necessarily occur during every clock cycle. Advantages of the 2PASCL circuit is that it can be made to behave as 
a static logic circuit.   
 
                         IV. MULTIPLIER 
 
Multiplication is one of the essential arithmetic operation for common Digital Signal Processing (DSP) applications. To achieve 
high execution speed, parallel array multipliers are most widely used. But these are the multipliers which consume more power. 
Power consumption has become a main concern in today’s VLSI system design. Hence the designers are needed to concentrate on 
power efficient multipliers [7, 12]. In recent years, several power reduction techniques  have been proposed for low-power digital 
design,  including the reduction of supply voltage, multi threshold  logic and clock speed, the use of signed magnitude  arithmetic 
and differential data encoding, the  parallelization or pipelining of operations, and the tuning  of input bit-patterns to reduce 
switching activity [1].  A basic multiplier can be divided into three parts  
 
         i) Partial product generation (PPG)  
        ii) Partial product addition (PPA) and 

iii) Final addition 
 

1)  Array Multiplier 
   The array multiplier [6-7] originates from the multiplication parallelogram.An array multiplier is a digital combinational circuit 
that is used for the multiplication of two binary numbers by employing an array of AND gates, half adders and full adders. As 
shown in the figure 4, each stage of the parallel adder should receive some partial product inputs. The carry out is propagated in 
the next row. In array multiplier all the partial products are generated at the same time. It is observed that the critical path consists 
of two paths: vertical and horizontal. Both have same delays in terms of full adder delays and gate delays. For the n-bit by n-bit 
array multiplier, the horizontal and vertical delays are both the same as the delays of an n-bit full adder. 
 The Hardware requirement for an m x n bit array multiplier requires (m x n) AND gates, (m-1).n Adders, in which n HA (Half 
Adders) and (m-2).n FA (Full Adders).  

2)4*4 Bit Multiplication 

 
Fig. 2. 4*4 Bit Multiplication 

3) Block diagram of 4 bit Ripple Carry Array Multiplier 

One advantage of Ripple Carry Array Multiplier [11-12] comes from its regular structure. Since it is regular in structure it is easy 
to layout and has small size. 

Of all the adder architectures the RCA occupies the smallest area and offers good performance for random input data. Nonetheless 
its delay characteristics depend heavily on the length of carry propagation path, thus making it relatively unfavourable choice for 
circuits with non-random input operands. Since all the Fas in the RCA are connected together by the carry chain a worst case 
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situation will require the carry to ripple from the position of the least significant bit to that of most significant bit. The worst case 
delay increases linearly with the length of carry propagation path, which depends on the number of bits processed by the 
operands,n. 

 

Fig. 3. Block Diagram of 4 Bit Ripple Carry Array Multiplier 

A second advantage of the array multiplier is its ease of design for a pipelined architecture. A fully pipelined array multiplier with 
a stage delay equal to the delay of a 1 bit full adder plus a register has been successfully designed for high speed DSP 
applications. Also it can be easily pipelined by inserting latches after CSA (carry save adders) or after every few rows. 

4) Block diagram of 4 Bit Carry save Array Multiplier 

As described the RCA makes use of a row of cascaded binary FAs to compute the summation of two operands. In fact, with a 
slight modification, this row of Fas can also be viewed as a mechanism to reduce three binary numbers into two binary numbers 
in multi operand addition. This method is used in Carry-save adders (CSAs) [13] where it is indeed an RCA with its carries saved 
rather than propagated. Therefore the CSA operator is often called a (3:2) counter. Unlike RCA, the CSA realizes concurrent 
addition of multiple operands, which is basic requirement of multiplication Depending on the operands, the CSA’s timing could 
be improved with the little increase or even reduction in area.  

 

Fig. 4. Block Diagram of 4 Bit Carry Save Array Multiplier 

V. RESULTS AND DISCUSSION 

5.1. Condition of simulation 
A 4 Bit Array Multiplier functionality can be explained by its 2 PASCL structure as shown in Figure. It has been designed in 
standard TSMC 0.18 µm technology. The W/L of NMOS and PMOS logic gates used is 0.6µm/0.18µm [10-12]. A capacitive load 
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CL, of 0.01pf is placed at output node. The power supply clock frequencies are set to be 4 times higher than the transition 
frequency after considering energy dissipation results. 
 
5.2. Results and Discussion 
     From the simulations, 2PASCL with split level sinusoidal clocking voltage in case of Ripple Carry and Carry Save Adder 
gives a significant lower energy dissipation compared with conventional static CMOS. It also demonstrates a significant lower 
energy dissipation when transition frequency is simulated from 10 to 100 MHz. 
 

 
Fig. 5. Schematic of 4 Bit Ripple Carry Array Multiplier 

 

 

Fig. 6. Output Waveforms of 4*4 Bit Ripple Carry Array 2PASCL Multiplier at 10MHz Transition Frequency. 
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Fig. 7. Schematic of 4 Bit Carry Save Array Multiplier 

 

 

Fig. 8. Output Waveforms of 4*4 Bit Carry Save Array 2PASCL Multiplier at 10MHz Transition Frequency. 

5.2.1 Power vs. Frequency for 2PASCL (Ripple Carry and Carry save) and CMOS 4 Bit Array Multiplier 

From the graph it can be inferred that the Power Dissipation in case of PASCL 4 Bit Array Multiplier circuits using Carry Save 
Adder is less when compared to that of Ripple Carry Adder which in turn is less than that of CMOS conventional circuits. 
 
 

 
Fig 9. Power vs Frequency of 4*4 Bit Array 2PASCL (Ripple Carry and Carry Save) and CMOS Multiplier. 
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A power saving of 57.90% is achieved with 2PASCL Carry Save Array Multiplier at 10MHz frequency over conventional CMOS 
Logic which in turn is more efficient when compared to that or Ripple Carry Array Multiplier which is about 36.96% over 
Conventional CMOS Logic. It has been observed that on increasing the frequency the Power saving results have been improved 
further. 

 

5.2.2 Delay vs. Frequency for 2PASCL (Ripple Carry and Carry Save) and CMOS 4 Bit Array Multiplier 

From the graph it can be inferred that the Delay in case of PASCL 4 Bit Carry Save Array Multiplier circuits is less when 
compared to that of Ripple Carry Array Multiplier and CMOS conventional circuits. As we increase the frequency it has been 
observed that the Delay gets reduced in both carry save and Ripple Adder 4 bit Array multiplier circuits when compared to that of 
conventional CMOS Logic. It has been observed that the delay has been reduced by 6.2% in case of Carry Save Array multiplier 
when compared to Ripple carry Array Multiplier. 

 

Fig 10. Delay vs Frequency of 4*4 Bit Array 2PASCL (Ripple Carry and Carry Save) and CMOS Multiplier. 
 

5.2.3 PDP vs. Frequency for 2PASCL (Ripple Carry and Carry Save) and CMOS 4 Bit Array Multiplier 

From the graph it can be inferred that the PDP in case of PASCL 4 Bit Array Multiplier circuits is less when compared to that of 
CMOS conventional circuits. It has been observed that, on increasing the frequency from 10MHz to 100MHz PDP has been 
reduced when compared to that of conventional Logic. 

 
Fig 11. PDP vs Frequency of 4*4 Bit Array 2PASCL (Ripple Carry and Carry Save) and CMOS Multiplier. 

 
5.2.4 Voltage vs. Frequency for 2PASCL (Ripple Carry and Carry Save) and CMOS 4 Bit Array Multiplier 

From the graph it can be inferred that the Power Dissipation in case of 2PASCL 4 Bit Array Multiplier circuits is less when 
compared to that of CMOS conventional circuits when voltage scaling is observed. 
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Fig 12.Power vs Voltage of 4*4 Bit Array 2PASCL (Ripple Carry and Carry Save) and CMOS Multiplier. 
 

       VI. CONCLUSION 

This paper has compared a simulation of 4 Bit Array Multiplier using Carry Save and Ripple carry adder circuits using 2Phase 
adiabatic static CMOS Logic. By implementing using 2PASCL Logic, It has been observed that compared with static CMOS 
circuits, 2PASCL consumes much less power in case of both Carry Save and Ripple Carry Array Logic. For instance, at input 
frequency of 10 MHz, 4 Bit Carry save Array Multiplier of 2PASCL shows a power efficiency of 57.90% when compared to that 
of Ripple Carry Array multiplier in average, and a delay improvement of 6.2% when compared to that of Ripple Carry Array 
Multiplier. 
  

                           VII. REFERENCES 

 
[1] V.I Starosel’skii, “Adiabatic Logic Circuits: A Review,”        Russian Microelectronics, vol.31, no.1, pp. 37-58, 2002. 
[2]A.P. CHANDRAKASAN, S. SHENG, R.W. BRODERSEN, “Low Power CMOS Digital Design,”IEEE Journal of Solid State 

Circuits, Vol.27,No. 04, pp. 473-484,April 1999. 
[3] J. M. RABAEY, AND M. PEDRAM,”Low Power Design Methodologies,” Kluwer Academic Publishers, 2002. 
[4] Sanjay V. Kumar, Chris H. Kim, Member, IEEE, and Sachem S. Sapatnekar, “ Adaptive Techniques for Overcoming 

Performance Degradation Due to Aging in CMOS Circuits,” IEEE transactions on very large scale integration (VLSI) systems 
1, 2009. 

[5] William C. At has, Lars J. Swenson, Member, Jeffrey G. Keller, Nestorius Tzartzanis, and Eric Ying-Chin Chou, “Low-Power 
Digital Systems Based on Adiabatic switching Principles,” in IEEE TRANSACTIONS ON VERY LARGE SCALE 
INTEGRATION (VLSI) SYSTEMS, VOL. 2, NO. 4, DECEMBER 1994. 

[6] Ling Wang, Japing Hub, and Jing Dai, “A Low-Power Multiplier Using Adiabatic CPL Circuits,” in 1-4244-0797-4/07, IEEE, 
2007. 

[7] V S Kanchanalak Huascaran, S.Salivahanan, D.S.Emmanuel, “Semi- Custom Design of Adiabatic Adder Circuits,” in 
Proceedings of the 19th International Conference on VLSI Design (VLSID‘06), 2006. 

[8] H. J. M. VEENDRICK, “Short circuit Dissipation of Static CMOS Circuitry and its Impact on the Design of Buffer 
Circuits,”IEEE JSSC, pp. 468-473, August 1984. 

[9]Abhishek Rai, Amit Shukla, Mayank Gupta, “Study and Comparison of Two Phase Clocked Adiabatic Logic (2PASCL) for Low 
Power Applications, ”A review, International Journal of Advanced Research in Electronics and Communication Engineering 
(IJARECE), Volume2, Issue 6, June 2013. 

[10] Nazrul Anuar, Yasuhiro Takahashi and Toshikazu Sekine, “Two Phase Clocked Adiabatic Static CMOS Logic,” IEEE 978-1-
4244-4467-0/2009. 

0

10

20

30

40

50

60

1.8 1.5 1.2 0.9
P

o
w

e
r 

(µ
W

) 

Voltage(V) 

Power Dissipation

in µW (CMOS)

Power Dissipation

in µW (Ripple Carry

PASCL)

Power Dissipation

in µW (Carry Save

2PASCL)



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 4, April 2014, Pg: 471- 479 
 

Syed Ateequr Rahman . IJRIT  479 

 

[11] Abhishek Rai, Amit Shukla, Mayank Gupta,“Study and   Comparison of Two Phase Clocked Adiabatic logic (2PASCL) for 
Low Power VLSI Applications,” International Journal of Advanced Research in Electronics and Communication  Engineering 
(IJARECE),ISSN: 2278 – 909, Volume 2, Issue 6, June 2013. 

[12] Nazrul Anuar, Yasuhiro Takahashi and Toshikazu Sekine, “XOR Evaluation for 4*4 Bit Array Two Phase clocked Adiabatic 
Static CMOS Logic Multiplier,” IEEE, 978-1-4244-7773/10/2010. 

[13] Raminder Preet Pal Singh , Parveen Kumar, Balwinder Singh, “Performance Analysis of 32-Bit Array Multiplier with a Carry 
Save Adder and with a Carry-Look-Ahead Adder,” IJRTE, Vol 2, No. 6, November 2009. 

 

 


