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Abstract—For a high-speed register file in a microprocessor, the 

read-out path is designed with wide fan-in dynamic multiplexers 

employed with dynamic logic style. As technology scales down, 

increased leakage currents and reduced noise margins 

significantly degrade the robustness of dynamic circuits. A wide 

fan-in dynamic circuit with high switching activity introduces 

significant power overhead that possesses a limitation. In this 

paper, novel design techniques have been proposed which 

improves the noise tolerance beyond the level of the conventional 

dynamic logic gate. Using circuit simulations, the overall 

improved characteristics of the proposed techniques are 

demonstrated. Power supply and delay for the proposed design 

techniques has been observed in a 45-nm technology, and they 

are designed in Cadence Virtuoso Analog Environment and 

simulated with Cadence Spectre Simulator. 

Index terms -Register file, Dynamic multiplexer, Dynamic-logic 

circuit, Switching activity, Low-Power design. 

 

I. INTRODUCTION 

Dynamic logic gate with high fan-in is the most critical 

component of register file in modern microprocessors [1], [2]. 

To perform a bit line read operation on a register file having 

2𝑛  Registers, it requires a dynamic multiplexer structure with 

2𝑛parallel inputs. This dynamic multiplexer employs dynamic 

logic which is done by charging and discharging the 

capacitance depending on condition of logic inputs.  

It requires less area and reduced load capacitance, hence 

enhances the speed compared to the static logic circuit. As 

known that the static logic circuit is employed with long stack 

of PMOS and NMOS and makes the circuit complexity which 

increases the delay and area.  

Here the dynamic logic uses dual phase, namely, pre-

recharge and evaluation, to implement a complex circuit with 

the single evaluation network. But the dynamic circuit has the 

drawback of high power consumption and reduced noise 

margin due to charge sharing and charge leakage in the 

internal of the circuit.  

Charge sharing in a circuit can be compensated by 

adding a keeper transistor. It consumes more power due to the 

unwanted redundant switching at dynamic and output nodes 

compared to static CMOS circuit [3]. The only limitation of 

the dynamic logic is poor noise margin. 

 

Different circuits are implemented to deal with this issue. 

Increasing the size of the keeper is not capable in improving 

noise immunity [4], and so alternative ways have been 

proposed in dealing with noise immunity [5]-[9].Traditionally, 

to overcome this issue a PMOS keeper is employed that 

compensates for leakage current drawn out of the dynamic 

node to the pull-down network [15]. As it can be observed 

[Fig. 1], if all inputs are zero the dynamic node remains high. 

 

 
 
Figure 1. Dynamic OR gate with traditional keeper. 

 

Simultaneously the PMOS keeper transistor M2 will stay 

ON to compensate for any leakage current drawn out of the 

dynamic node. In this case, keeper M2 is desirable to increase 

noise margin. In the case of at least one input is high the 

dynamic node DYN should remain low, however in this case a 

week keeper is preferred to speed up the switching transition.   

These requirements give rise to tradeoff between 

performance and noise margin of dynamic circuit in sub-

100nm technology. Different techniques have been 

implemented to get rid of the trade off [16], [17]. To overcome 

the drawbacks of delay and noise recently two different 

dynamic logic styles have been proposed. 

Footer voltage feed forward domino (FVFD) technique 

[10],[11] and static switching pulse domino (SSPD) technique 

are also implemented for the design of dynamic multiplexer 

[12]-[14] that improves the noise tolerance, and also both 

techniques reduce the switching power by limiting the voltage 

swing on the large bit line capacitance by implementing the 

concept of dual dynamic nodes. But the drawback of FVFD 

and SSPD techniques is consuming more power and requires 

more area than the single keeper domino technique. 
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This paper is organized as follows. Process variation of a 

conventional Dynamic multiplexer is presented in Section 2. 

Previous work 3. Proposed structure 4. Average Power 

Dissipation and delay of dynamic multiplexer are compared in 

Section 5. Finally, some conclusions are formulated in Section 

7. 

II. RELATED WORK 

A. Footer Voltage Feed forward Domino (FVFD) Technique 

A Footer voltage feed forward domino (FVFD) 

technique includes a first evaluation unit and a second 

evaluation unit. The first evaluation unit pre-charges a first 

dynamic node and discharges a footer node (foot) in a first 

phase of a clock signal. In a second phase of the clock signal, 

it evaluates input signals to determine a logic level of the first 

dynamic node, as shown in the Fig. 2. 

 

At the second evaluation unit, the DYN2 that is 

connected to the first dynamic node DYN1 through NAND 

gate pre-charges DYN2 in the first phase of the clock signal, 

and determines a logic level of the second dynamic node in 

response to a logic level of the footer node in the second phase 

of the clock signal. 

 
 
Figure 2.FVFD technique applied to the dynamic multiplexer in an RF bitline 
read-out path 

 

The output of the evaluation phase is taken from the 

first and second dynamic nodes, provides an output signal 

having a logic level according to the levels of a first voltage of 

the first dynamic node and a second voltage of the second 

dynamic node. The primary dynamic node with large 

capacitance will experience a limited voltage swing during 

both the phases, and the second dynamic node, DYN2, 

undergoes a complete rail-to-rail swing due to separation from 

the pull-down network. 

B. Static Switching Pulse Domino (SSPD)   Technique 

SSPD technique is similar to that of the SP-domino 

with static input and output characteristics [18] applied to a 

dynamic multiplexer. Compared to SP-domino, SSPD 

employs separate transistors M1 and M2 respectively. Both 

transistors M1 and M2 never turn ON simultaneously. 

A clocked transistor M4 separates the main dynamic 

node from the second dynamic node.  SSPD allows 

independent tuning of rise and fall delay as it employs a 

conditional pulse generator (CPG) as shown in Fig.3. When 

the CPG generates a pulse, M1 turn ON only when the 

dynamic node has been discharged or held low in the last 

evaluation cycle and keeper M2 turns OFF. 

 

 
Figure3.SSPD technique applied to the dynamic multiplexer in an RF bitline 
read-out circuit. 

 

If the dynamic node is not discharged in the previous 

cycle, M1 is OFF and so, when the pull-down network is ON, 

it faces contention from the keeper transistor. CPG internally 

generates two additional clock phases CCLK𝑑and CCLK𝑖. 
Their behaviour is related to the clock signal (CLK) and the 

dynamic node. 

The two clock phases utilized by the block CG in 

CPG to produce pulse signal CP. The drawback of this 

technique is that it requiredcomplex conditional pulse 

generator. The logical expression of the two signals and gate 

G can be written as follows 

 

CCLKd  = CLK + DYN2                 

CCLKi = CLK + DYN2                 

CP = CLK. CCLKi + DYN2 . CCLKd                                   

 

III. OBJECTIVES & OVERVIEW OF THE PROPOSED WORK 

A.  Objectives 

In this paper, we propose to design a SSPD circuit by 

reducing the existing circuit with eliminating the pulse 

generator. Delayed clock is employed at the pull up network. 

It makes the circuit less complexity and increased speed with 
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good noise immunity. A novel design of SSPD has been 

developed with less power consumption. We also propose to 

design the FVFD circuit by applying body bias technique. It 

involves connecting the transistor body to a bias network in 

the circuit through external source rather than to power or 

ground.And modifying the circuit gives more robustness 

compare to the existing FVFD circuit.  

 

B.  Overview ofthe proposed Mechanism 

We propose the two techniques from the existing 

circuits and made the dynamic multiplexer with less 

complexity and avoiding the more power consumption used in 

the read-out path of a register file. Using this proposed SSPD 

technique, it allows the propagation of pre - charge pulses to 

the dynamic node and avoids the pre-charge pulse to the 

output node. 

FVFD technique using body bias technique is applied 

to the dynamic multiplexer in a read-out path [19]. To 

generate a reverse body bias voltage and/or a voltage divider 

to generate a forward body bias voltage, the design usually 

includes a charge pump circuit.  

Reverse body bias, applying a negative body-to-

source voltage of a n-channel transistor, makes the transistor, 

both slower and less leaky by raising the threshold 

voltage.Forward body bias, on the other hand, lowers the 

threshold voltage by applying a positive body-to-source 

voltage of a n-channel transistor and thereby makes the 

transistor faster.  

 

IV. EXPLANATION OF PROPOSED WORK 

A. Static Switching Pulse Domino using Delay Clock 

The proposed circuit with reduced complexity has static 

input and output characteristics, its circuit diagram as shown 

in Fig. 4 Voltage characteristics at different nodes as shown in 

Fig. 5 Combination of M1 and M2 works as a function of pull 

up the network and M3 as keeper transistor. Input of M2 and 

M4 is clocked (CLK) and M1 is non-inverting delayed clock 

(CLKd). 

Dynamic node is conditional pre-charge to high voltage 

only when both the transistors of pull up network turns ON 

with the inputs turns OFF simultaneously at the start of each 

clock high for a short duration of time Td. Using this 

technique, it allows the propagation of pre - charge pulses to 

the dynamic node and avoids the pre-charge pulse to the 

output node. 

 
 

Figure 4.  Proposed technique applied to the dynamic multiplexer in an RF 

bitline read-out circuit. 

 

At the start of a clock high, for a short period of time 

TD, M2 is a high and delayed clock CLKd is low which M1 

turn to the previous value. In this case, when RWL is high and 

the pull down network is high the dynamic node DYN 

discharges the current through the pull down network, as the 

M5 also turns ON for a short period of time in the circuit. 

After the delay of time Td, both CLK and CLKd is high and 

M1 turn OFF. Thus, no further contention current flows to the 

pull down network and dynamic node remains at logic low. 

 

In the other case, when the input is low, at the start of 

clock high, the CLK is the high and delayed clock clicked is 

low. M1 and M2 turned ON simultaneously, and charge the 

dynamic node to logic high. For the rest of the clock high, 

both CLK and CLKd are high, M1 turns OFF. Dynamic node 

remains at logic high. As shown in Fig. 7. 

 

When for the CLK low, CLKD turns ON after some 

delay which makes the M1 transistor ON. But the M2 

transistor stays ON that stops the current flow through the 

circuit and makes the dynamic node DYN low when the input 

signal is high. And the dynamic node DYN stays ON when the 

input signal goes low. Simulation result is shown in the above 

proposed circuit that satisfies the circuit operation. 
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Figure5. Simulation wave form of a proposed technique. 

 

B. Footer Voltage Feed Forward Domino using Body Bias 

Technique. 

FVFD technique using body bias technique is applied 

to the dynamic multiplexer in a read-out path [19]. It involves 

connecting the transistor body to a bias network in the circuit 

through external source rather than to power or ground. 

To generate a reverse body bias voltage and/or a 

voltage divider to generate a forward body bias voltage, the 

design usually includes a charge pump circuit. Reverse body 

bias, applying a negative body-to-source voltage of a n-

channel transistor, makes the transistor, both slower and less 

leaky by raising the threshold voltage. 

Forward body bias, on the other hand, lowers the 

threshold voltage by applying a positive body-to-source 

voltage of a n-channel transistor and thereby makes the 

transistor faster. The operation of the proposed technique 

shown in Fig. 6, and the voltage characteristics are shown in 

Fig. 7. 

 
 
Figure 6.  Footer Voltage Feed Forward Domino using Body Bias Technique. 

 

A voltage of 2V DC bias is connected to the 

transistor bodies of the M1, M2 and M3 as shown in the 

circuit diagram. It reduces the power consumption using the 

body bias technique. The operation of the proposed circuit is 

when a read word line (RWL) goes high for a clock high, then 

pull up the transistor M1 turns OFF and the charge that is 

stored on the first dynamic node DYN1 is distributed between 

DYN1 and FOOT. 

 

 During this process a slow path evaluates the output 

through a high –skewed NAND gate and the fast feed forward 

path uses the voltage developed on FOOT. It turns ON the M5 

and makes the second dynamic node DYN2 with low parasitic 

capacitance to pull down the charge to ground through M5. 

The clocked transistor M4 serves to cut off the short-circuit 

path through M3 and M5. It will exist at the start of the 

recharge phase. The transistor M7 is added to prevent charge 

building up on the FOOT node. 

 

When the RWL goes low for a clock high, there is no 

direct path for the charge to flow through the foot and the M5 

turns OFF. The slow path of DYN1 and the DYN2 connected 

to the NAND gate becomes low and gives the output high. 

Simulation result of the circuit operation is clearly shown in 

the Fig.7. 

 

 
 
Figure7.  Simulation waveform of a Footer Voltage Feed Forward Domino 

using Body Bias Technique 

V. PERFORMANCE EVALUATION 

The conventional, FVFD, SSPD and the proposed techniques 

are tested by cadence Spectre using a 45nm standard CMOS 

process technology. Table I, and II summarize the energy 

dissipation, Delay and Power product delay values of 16-bit 

and 32-bit conventional, FVFD, SSPD and the proposed 

techniques. From this table, it has been found that energy 

dissipation of the proposed techniques is drastically reduced 

compared to those of the FVFD and SSPD techniques. 

 

 

 

 
Table 1. Comparison of Energy Dissipation of 16-Bit existing and proposed 

techniques at a supply voltage of 1V and operating temperature of 27 ºC 
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Techniques 

16-bit 

Power 

(µW) 

16-bit 

Delay 

(ns) 

16-bit 

PDP 

(fJ) 

Conventional 10.675 29.93 319.50 

FVFD 6.914 29.31 202.65 

SSPD 5.291 0.410 2.16 

Proposed 

FVFD 
4.934 20.27 100.01 

Proposed 

SSPD 
3.982 0.280 1.11 

Table 2 Comparison of Energy Dissipation of 32-Bit existing and proposed 

techniques at a supply voltage of 1v and operating temperature of 27 ºC 

Techniques 

32-bit 

Power 

(µW) 

32-bit 

Delay 

(ns) 

32-bit 

PDP 

(fJ) 

Conventional 10.806 29.34 317.04 

FVFD 7.897 30.28 239.12 

SSPD  7.194 0.472 3.40 

Proposed FVFD 5.263 24.93 131.20 

Proposed SSPD 5.231 0.287 1.50 

 

 
 

Figure 8. Comparison of Power (µW) in 16-bit and 32-bit of FVFD and 
proposed FVFD techniques in 45nm Technology 

 
 

Figure 9. Comparison of Power (µW) in 16-bit and 32-bit of SSPD and 

proposed SSPD techniques in 45nm Technology 

 

 
 
Figure 10. Comparison of Delay (ns) in 16-bit and 32-bit of FVFD and 

proposed FVFD techniques in 45nm Technology 

 

 
 

Figure 11. Comparison of Delay (ns) in 16-bit and 32-bit of SSPD and 

proposed SSPD techniques in 45nm Technology 
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Figure 12. Comparison of PDP (fJ) in 16-bit and 32-bit of FVFD and 

proposed FVFD techniques in 45nm Technology 

 

 
 

Figure 13. Comparison of PDP (fJ) in 16-bit and 32-bit of SSPD and proposed 

SSPD techniques in 45nm Technology 
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VII. CONCLUSION 
In this paper, energy efficient dynamic multiplexers 

are proposed. The conventional, FVFD, SSPD, and proposed 

FVFD with body bias and proposed SSPD techniques are 

simulated using Cadence Spectre in 45nm technology. We 

found that the average power reduction for proposed circuits 

in 45nm technology is 29%. 
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