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ABSTRACT 
Adders form the backbone of application specific processors and general purpose processors as well. Hence, the design of low 
power adders is essential in VLSI circuit. The most important factor in adder optimization is carry propagation probabilities. It was 
used to estimate the adder's power consumption and delay. Here, present architecture called multi-mode, where the adder is 
designed for the predictable longest carry rather than the worst-case. The supply voltage of the circuit can be scaled, without 
harming the clock cycle and with very small performance degradation. A proposed multi-mode adder is implemented using FinFET 
32nm technology .The simulation is done by LTSPICE and the results will be compared with the conventional method. The multi-
mode adder has been integrated in a 32-bit pipelined MIPS processor, proving the correctness of such design methodology. 
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INTRODUCTION 

 

 Common VLSI synchronous designs are mostly data-independent and as such, must target worst-case 

situations, which occur with very low probability. Adders, in particular, assume that the execution of an 

operation must be accurately completed within a prescribed time period, for e.g., a single clock cycle, 

independently of the input operands [1]. To ensure correct results for any input, the hardware involved may 

considerably grow if high performance speed, throughput is desired. FinFET is a developing new technology 

and the memory circuits started to inhabit a major area of chip. So, it is very imperative to have an overall 

literature review to understand the progress of FinFET technology, circuits.[2] its developed sub threshold slope, 

reduce the leakage current, higher (ION/IOFF) ratio, improved short-channel performance, lesser intrinsic gate 

capacitance, and compatible process with existing CMOS technologies.  

 FinFETs are also known as three-terminal FinFETs and IG FinFETs as four-terminal FinFETs. Two gates 

of the FinFET device are referred to as front-gate and back-gate , which classify it in a two major circuit types: 

The Single-Gate-Mode, one gate is biased with the input signal while the other gate is disabled (disabled gate: 

biased with VGND in an N-type FinFET and with VDD in a P-type FinFET). An independent-gate FinFET (IG-

FinFET) provides two different active modes of operation with considerably different current characteristics 

determined by the bias conditions. The back gate of the device can help to reduce the subthreshold conduction 

by applying higher voltage in case of PMOS and lower voltage in case of NMOS[3] .However, IG FinFETs 

experience a high area penalty due to the need for placing two separate gate contacts. 

 The transconductance parameter, can also be controlled by back gate terminal. The difficulties arise with 

the FinFET technology is that, FinFET structures experiences signicant self-heating and the operating 

temperature in FinFET circuits varies directly with number of times the switching activity takes place. One more 
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loss is that as the number of gate is increases, and also increasing effective gate capacitance. Power supply 

voltage VDD scaling can effectively reduce both leakage current and dynamic power of a VLSI circuit [2]. The 

value is mainly determined by the desired clock cycle period and the critical path delay. 

 To increase the overall throughput, a technique is called telescopic unit [9] take advantage of data 

consequences on the worst-case carry probability. The growth is achieved by speeding up the clock signal, such 

that its cycle serves for common input cases. This paper extend the new idea further into proposed FinFET 

based multi-mode by using simple carry-completion control logic. Its energetic and performance advantages. 

Demonstration good matching between the approximate power -performance modeling and circuit simulations. 

 It is exposed how different processors architectures can effect of multi-mode addition and how the 

probabilistic model match with results achieved from real code running on a 32-bit MIPS processor. 

 

Multi-mode adder architecture: 

 The operation of a multi-mode adder in a real processor running test programs is tested. To this end were 

placed the ALU's ordinary adder of a 32-bit MIPS pipelined processor with a multimode one. Fig. 1 depicts how 

a multi-mode adder is integrated in the MIPS's ALU. That requires only replacing the existing adder by a multi-

mode one and introducing a clock gater as described below. Parts of the ordinary pipeline registers, storing 

ALU's operands and result. A and B are a part of the Instruction Decoder and Execute pipeline register, while 

SUM is a part of the Execute and Memory access pipeline register. The operation SUM=A+B starts when the 

arguments are loaded into the registers A and B. The mode decision module uses carry-completion circuit, 

operating simultaneously with the adder. The signal “all_done” is gating the global clock signal “global-CLK”. 

 If a normal node is validated, a case where “all_done” is asserted within a single cycle, the clock gater 

follows the global clock and the result will be loaded into SUM after one cycle. If more cycles are required for 

“all_done” assertion, “Pipeline_CLK” is delayed by a suitable number of clock cycles, allowing the adder to 

properly complete. “Pipeline_CLK” is synchronizing the entire pipeline, so all the pipe is delayed delayed until 

the addition completes. Other adders, e.g. those used for address calculations, can equally be replaced by multi-

mode ones. That needs additional gating level to AND the individual “Pipeline_CLK” signals the clock is 

deactivated in order. Further the adder, no logic signal is switching during the extra cycle of sub-normal addition 

mode. Hence dynamic energy is not wasted. 

 While fetching the instruction, the arithmetic part of the processor operation is idle. It must wait until it gets 

the next instruction. With pipelining, the computer architecture permits the next instructions to be fetched while 

the processor is executing arithmetic operations, holding them in a buffer close to the processor until each 

instruction operation can be executed. The performance of instruction fetching is continuous. The result is 

increase in the number of instructions that can be performed during a given time period. 

 

 
 

Fig. 1: Block diagram of multi-mode adder embedded in a pipelined MIPS processor 

 

 A multi-mode improves the extra cycles by using a simple carry completion supplementary logic. Such 

logic validates when all the adder's bits have been already received their proper carry in signal, thus ensure 

proper addition result. We call sub-normal mode where proper addition requires two clock cycles. The 

http://searchcio-midmarket.techtarget.com/definition/buffer
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probability that a carry is generated or killed within each of the m/2 2k-bit groups. Since a single clock cycle 

serves for k-bit carry propagation, allotting m cycles ensures proper addition computation. This is called 

extended mode and it can be handled by preventing the clock signal of the registers storing the adder’s operands. 

 In a pipelined processor the system must be conscious that an extended mode operation takes place, and 

suitable stand of the computation pipeline for m-1 cycles must get place. In DSP and image processors, a 

different action of the extended mode is required.  

 

Circuit implementation: 

A.D Flipflop: 

 D flip flop is actually a small modification of the clocked SR flip-flop. From the fig 2 can see that the D 

input is connected to the A input and the complement of the D input is connected to the B input. The D input is 

passed on to the flip flop when the value of clock is ‘1’. When the clock is high, the flip flop moves to the set 

state. If it is ‘0’, the flip flop switches to the clear state. 

 

 
 

Fig. 2: Design of a D Flipflop 

 

 The output Q changes only at the positive edge. At each positive edge the output of Q becomes equal to the 

input of D at that instant and this value of Q is held until the next positive edge shown in fig.3. 

 

 
 

Fig. 3: Output Waveform for D Flipflop. 

 

B.Carrypropagate adder: 
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 Each full adder inputs a Cin, which is the Cout of the previous adder. Since each carry bit "ripples" to the 

next full adder. The input is from the right side because the first cell usually represents the least significant bit 

(LSB). 

 Bits A0 and B0 in the figure represent the least significant bits of the numbers to be added. Fig.4&5 shows 

that the sum output is represented by the bits S0-S32.all the inputs from A0 -A32 and B0 –B32 is 1, including Cin 

also 1, the output of Cout is 1. 

 

 
 

Fig. 4: Design of a CPA. 

 

 
 

Fig. 5: Output Waveform for CPA. 

 

 
 

Fig. 6: Design of a Mode Decision Logic. 

 

C.Mode decision logic: 
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 The mode decision logic is made simultaneously with the addition. If at the end of the clock cycle the 

Normal Mode is 1, clock gater follows the global clock and the addition result is valid shown in fig.6. If, 

however, Normal Mode is 0, more time is required to complete the addition, “Pipeline_CLK” is delayed by an 

appropriate number of clock cycles, allowing the adder to properly complete and the extended mode is followed.  

 When all the adder's bits have already been received their proper carry in signal, thus confirming proper 

addition result. We call sub-normal the mode where proper addition requires two clock cycles. Mode decision 

logic using two AND gate is NORed. Here 1 is received as output only when both the inputs are 0 shown in 

fig.7. 

 

 
 

Fig. 7: Output Waveform for Mode Decision Logic. 

 

D.D Latch: 

 Latch is an electronic device that can be used to store one bit of information.The D latch is used to capture, 

or 'latch' the logic level which is present on the Data line when the clock input is high. 

 

 
 

Fig. 8: Design of a D Latch. 

 

 If the data on the D line changes state while the clock is high, then the output of Q, follows the input D. 

When the CLK input falls to logic 0, Q retains the previous value of D shown in fig .9. 
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Fig. 9: Output Waveform for D Latch. 

 

E. 32-Bit multimode adder 

 A 64-bit carry propagate adder (CPA) designed in 32-nano meter FinFET technology, operated in 1.3V 

supply voltage shown in fig.10. It is well known that the expected longest carry propagation in n-bit addition is 

O (log 2 n). Rather than allowing for the carry propagation long 64 bits, we divide the adder into several k-bit 

groups. The SPICE simulation shows far can the supply voltage can be scaled, while a k-bit group still properly 

computes. The operands were set such that a carry in pulse at the group's LSB will propagate during its entire 

bits. 

  

 
 

Fig.10: Design of a 32-Bit Multimode Adder. 

 

 The k-bit group includes a pass gate carry propagation chain combined with per bit addition circuit. The 

corresponding energies were obtained by integrating the current voltage product over time. 

 It is exposed later how the multi-mode adder takes advantage of voltage scaling from 1.3V to 0.7V, yielding 

considerable power consumption. Those are later required to compute the power consumed by an addition 

operation as a part of the absolute computing system, where it is integrated in a pipelined processor. Whenever 

the latch output is 1 the pipeline_ clk is generated shown in fig.11. Otherwise, the output should be zero. 

 



585  P.Sangeetha and M.Thiruppathi, 2017/Advances in Natural and Applied Sciences. 11(6) Special 2017, Pages: 579-586 

 

 
 

Fig.11: Output Waveform for Multimode Adder. 

 

RESULTS AND DISSCUSSIONS 

 

 To carry out the energy performance study of the multimode adder, a 32 nm FinFET technology using 64-

bit carry propagate adder has first been synthesized nominal 1.3 V supply voltage with LTspice Tool .That adder 

is used as a reference for alternative multimode adders. It is shown that all could meet that frequency with large 

time margins. The time margins are used to reduce the supply voltage . 

 
Table I: Analysis using CMOS with different supply voltages 

 

SUPPLY VOLTAGE 

CMOS (32 nm) 

POWER DELAY PDP 

1.3 1.68E-02 8.60E-10 1.44E-11 

1 4.25E-05 8.09E-10 3.48E-12 

0.7 1.47E-03 6.08E-10 8.94E-13 

 

 Designed a 64-bit adder with 8-bit groups, such that with smallest possible supply voltage. The power 

comparison must account for the sub-normal mode and extended modes, where more than one cycle is required 

for proper addition, and therefore additional static power is consumed. The multi-mode adder, using 64-bit carry 

propagate adder designed for 1.3 v, 1v and 0.7v supply voltages with CMOS technology. All the designs ran 

LTspice and HSPICE tools and results are summarized in Table I.  

 
Table II: Analysis using FinFET with different supply voltages. 

 

SUPPLY VOLTAGE 

FinFET (32 nm) 

POWER DELAY PDP 

1.3 2.36E-03 2.84E-14 6.70E-16 

1 3.14E-04 3.08E-14 3.08E-18 

0.7 4.64E-05 2.77E-15 1.29E-19 

 

 The power are very close to the power since the probability of the adder to require more than one cycle is 

very small. While the power was cut to 4.64 of the design-ware adder when scaling down to 0.7V, that might be 

too risky due to process variations sensitivity. To find the power efficiency of the proposed multi-mode addition 

compared to the existing CMOS technology. When the supply voltage can be scaled down, the power, delay, 

power delay product has been reduced and results are shown in Table II. 

 

Conclusion: 

 The work had shown how power efficiency can be achieved by taking advantage of the infrequent worst-

case carry propagation occurring in addition. When number of bits reduced the voltage can be scaled down, so 

that the potential power savings was studied. The validity of the multimode addition approach has been shown 

in the design of a 32-bit pipelined MIPS processor. Multimode addition can also be very useful in special 

architectures such as image processors. Based on data the adder is active using a mode decision logic and clock 

gating the power will be reduced. It is stimulating to study the implications of the subnormal mode probability 

on the power and performance of such pipelines. To get better results of low power consumption, delay and 

power delay product using CMOS 65 nm technology instead of FINFET 32 nm technology is used. 
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