
  

 Acta Universitatis Sapientiae 

 Electrical and Mechanical Engineering, 12 (2020) 1-14 

 DOI: 10.2478/auseme-2020-0001 

1 

A New Model of Dynamic Logic Circuit with NMOS  
based Keeper 

Riazul ISLAM1 and Satyendra N. BISWAS2* 

1Department of Electrical and Electronic Engineering, International Islamic University 

Chittagong, Chittagong, Bangladesh. e-mail: r.islam@iiuc.ac.bd/ iriazul74@gmail.com 
2Department of Electrical and Electronic Engineering, Ahsanullah University of Science and 

Technology, Dhaka, Bangladesh, e-mail: sbiswas@linuxmail.org / sbiswas.eee@auct.edu 

*corresponding author 

 

Manuscript received June 14, 2020; revised September 01, 2020. 

Abstract: Dynamic logic circuits are widely popular due to a smaller number of 

transistors and consume less area. But the time to switch between logics is higher due to 

higher contention value. A new model of the logic using nMOS based keeper circuit is 

proposed and the performance is evaluated using Cadence tools. Comparative results 

demonstrate the suitability and competency of the proposed circuit. 
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1. Introduction 

High speed and low power logic circuit designs are more significant in VLSI 

design [1], [2]. Dynamic logic circuit needs to have almost half the number of 

transistors compared to traditional logic circuits. It saves better power than 

traditional logic circuits. Dynamic logic consists of a precharge device, a pull-

down network, pMOS keeper and a footer device. A clock signal is used to 

control and operate domino logic.  

Basically, dynamic logic circuits operate in two phases, these are precharge 

phase and evaluation phase. When clock is high it is called evaluation phase and 

when the clock is low it’s called precharge phase. However, the main drawback 

of domino logic circuit is that it is not always connected to VDD. A keeper 

device has been used to compensate that. When all inputs are high then the 

stored voltage at the dynamic node should be removed through the PDN (Pull 

Down Network). That produces some time delay between the conduction of 

keeper transistor and pull down network. Also, that causes increasing time 

delay, power consumption and noise sensitivity [3]. To minimize these 
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drawbacks, we need to design a new keeper architecture which gives better 

performance. 

A new architecture is proposed in this research for better performance in 

terms of power consumption and noise margin of dynamic logic. The power 

consumption of logic circuits is calculated [3] by  

 /avg gate switching short circuit leakageP P P P    (1) 

Here, the power consumption of the logic gates by charging/ discharging of 

circuit capacitances is denoted by Pswitching. Short circuit current flowing from 

VDD to ground is denoted by Pshort-circuit during output voltage alterations.  

Leakage power (Pleakage) is dramatically changed by scaling down the 

technology and enhanced by temperature, which is very significant for the 

reduction of leakage power of dynamic logic circuits. 

The proposed nMOS based resistive keeper circuit is employed for 

simulating 4, 8, 16, 32-input OR gates, by using Cadence Virtuoso tool. The 

obtained results demonstrated the enhanced noise tolerance, reduced power 

dissipation and time delay as compared to conventional logic circuits.  

Recently proposed [4]-[15] dynamic logic circuits are presented in Section 2. 

Section 3 describes the proposed resistive keeper circuit. Section 4 presents the 

proposed model with different combinations in the pull down network. Section 

5 depicts the analysis and simulation results of the proposed technique. Finally, 

the paper concludes in Section 6. 

2. Existing Works 

The easiest way to improve the noise tolerance of dynamic logic circuits is to 

provide a weak keeper device to maintain the required amount of charge in the 

dynamic node. The gate of a keeper transistor is connected to the ground as 

used in some [4] domino logic, where the keeper device is always ON. But this 

type of design consumes more power as DC power continuously follows 

through that keeper transistor. To compensate that problem, a feedback keeper 

transistor is designed [4]. This model controls the keeper device during the 

evaluation phase as shown in Fig. 1. The main purpose of the keeper device is 

to reduce the contention time in the evaluation phase, when the pull down 

network is ON. So, a keeper circuit should be designed to reduce the leakage 

current through pull down network for wide fan-in gates.  

Several research groups [4] - [15] have proposed different versions of the 

strong keeper circuit model, which minimize the contention problem. Those 

models make the keeper device inactive during the switching time and are better 

for noise tolerance in the dynamic logic circuits. However, these models are 
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unable to reduce the leakage current to a tolerable level. For that reason, the 

dynamic node cannot protect itself during PDN switching. 

 

Figure 1: Traditional domino logic 

 

Figure 2: Controlled keeper by current comparison domino circuit (CKCCD) [5] 

Ali et al. [5] designed a reference circuit to sense the PDN leakage current. 

Depending of the amount of leakage current of dynamic node, a  mirror current 

is generated, which is responsible to control the gate of the keeper device. This 

design contains a large number of transistors as compared with other circuits as 

shown in Fig. 2. 

Conditional keeper domino logic is one of the popular domino logic which is 

presented by A. Alvandpour et al. [6]. Two keeper transistors (weak and strong) 
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are employed in this technique. These extra transistors increase the cell area and 

can improve the noise immunity, although, the circuit consumes significant 

power. 

In high speed domino circuits, several inverters are used to control the 

current flow through the pMOS and nMOS network at the beginning of the 

evaluation phase [7]. This technique has induced the need for a larger pMOS 

keeper transistor. In this model, current flow of the pMOS and nMOS keeper 

transistor network is controlled by two-time delay inverters. However, their 

circuit was unable to provide sufficient protection against the internal noise at 

the dynamic node. 

Dadgour and Banerjee et. al. [8] presented a new keeper architecture where 

they reduced the contention current and power consumption to improve the 

performance of dynamic logic. There are several components in their model 

such as:  two keeper devices, variation coupled keeper (VCK) etc. But their 

model shows lower noise margin because of leakage current affected the 

dynamic node. 

Current Comparison Domino (CCD) is another technique to compensate the 

leakage current of domino logic [9]. This technique is used to control a pull-up 

network instead of a pull down network. A reference circuit is used to provide 

the proper output by comparing the current between reference circuit and pull 

up network. This technique is efficient but it needs more overhead area 

compared to conventional domino logic circuits. 

Diode footed domino (DFD) circuits [10] produce better results in terms of 

noise immunity and leakage current. In this design, an nMOS is connected with 

the PDN and called as diode footer transistor. This footer transistor reduces the 

leakage current, which is generated due to stacking effect. However, more area 

overhead and power consumption are the significant drawbacks of this 

presented model.  

Asyaei et al. [11] designed a sense amplifier to generate proper voltage on 

the output node. There are two stages of their model: one is pull down network 

designed with variable inputs of logic gate and the other is the sense amplifier 

which sensed the voltage difference between the point A and B as shown in Fig. 

3. Basically, the dynamic node of this circuit is controlled by these two points. 

It reduces the leakage current due to the stacking effect whereas needs a larger 

number of transistors and consumes more power. 

A new model with an external circuitry is proposed by Lih et al. [12]. The 

additional circuit controls the conductance of the keeper transistor by generating 

the replicate leakage current of the PDN (pull down network) as shown in Fig. 

4. The keeper circuit is controlled by dynamic node leakage current, which is 

also generated by an external circuit. This model also used two keeper 

transistors and extra circuits which increased the overhead area. 



 A New Model of Dynamic Logic Circuit with NMOS based Keeper 5 

 

 

 

Figure 3: VCD circuit [11] 

 

Figure 4: LCR keeper Circuit [12] 

However, in this research, two nMOS based resistive keeper models are 

presented. The circuits control the gate to source voltage of keeper device with 

differential waveforms to enhance the noise tolerance of the dynamic logic 

circuits and lower leakage power consumption. 
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3. Proposed Design 

The proposed circuit controls the gate of the keeper device with differential 

waveforms. This gate is designed by using two nMOS transistors (TR1 and TR2). 

These transistors are connected in parallel but are not operated at the same time. 

Both nMOS transistors are designed with different length and width. When any 

small amount of leakage current passes through PDN or any path, it tends to be 

grounded. At that time, TR1 operates and controls the gate of keeper device to 

maintain the proper state of the dynamic node. This happens according to ITR1= 

IX-Ileakage, ITp= IDD- ITR1, whereas IX is dynamic node current and Ileakage is the 

leakage current. The inverter is operated to supply the proper voltage on the 

gate of the keeper device. Any current flowing in the dynamic node while the 

pull down network is in logical OFF mode is considered as leakage current 

(Ileakage). 

Transistor TR2 is connected in parallel with TR1. When the pull-down 

network conducts TR2 operates and controls the gate of the keeper device. 

Besides, when all inputs of the pull down network become low, a small amount 

of leakage current is flowing. For that reason, a footer switch is added to reduce 

the leakage power. 

This leakage current also decreases the noise tolerance and increases the 

robustness of the circuit. As we know, a parasitic capacitance is induced in the 

dynamic node at the beginning of the evaluation phase which provides more 

time delay in the dynamic logic. The feedback of the nMOS based resistive 

circuit can control the gate of the keeper device by applying different 

waveforms. Conventional dynamic logic circuits produce contention between 

pull down network and keeper device. That increases the leakage current, time 

delay and power consumption. But the proposed work decreases this problem 

between the PDN and keeper device contention evaluation phase. 

Also, Tw can be keeping the contribution of sub threshold leakage reduction 

due to the stacking effect in the evaluation phase [13]. So, the leakage power of 

this circuit is reduced by applying these techniques. In the dynamic logic circuit, 

the size of the keeper device can be minimal because the leakage current of the 

pull-down network is very low. Also, more than 32 input OR gates give better 

noise immunity if the keeper sizes are increased. However, the proposed circuit 

reduces the ratio of Wk / Wp. 
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Figure 5: Proposed dynamic logic 

 

Figure 6: Waveshape of clock versus dynamic node voltage 

3.1  Precharge Phase 

As shown in Fig. 5, when the clock is low, precharge transistor Tk turns ON 

and footer transistor Tw turns OFF. At that time the dynamic node charges to 

VDD and the output logic is ‘0’. At this time TR2 is OFF and TR1 is in ON state. 

The gate-source voltage of the keeper device is controlled by the feedback of 

resistive gate. In this phase, leakage current is reduced due to stacking effect. 

3.2  Evaluation Phase 

In this phase, the precharge device turns OFF and footer switch (TW) turns 

ON. 

A. Inequality: 

If at least two inputs differ in case of the OR gate, one leg of the pull down 

network conducts to discharge the dynamic node via TW. At this time, transistor 

TR1 turns OFF and TR2 is controlled by the inverter output voltage. Basically, 
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the keeper circuit works as a gate for the keeper transistor Tp. Operation of Tp is 

dependent on differential waveforms of the proposed keeper circuit. The 

feedback of nMOS based keeper circuit maintains sufficient voltage to control 

the logic value in the dynamic node, X. Keeper circuit is always controlled by 

the dynamic node voltage and at least one nMOS is ON in every logic 

combination. The dynamic node wave shape is shown in Fig. 6. 

B. Equality: 

When all inputs are high in the evaluation phase, foot switch (TW) is ON 

which makes a discharging path for the dynamic node and TR2 produces the 

inverter voltage to control the keeper device as shown in Fig. 7. A contention 

time occurs between the nMOS network and keeper device because the keeper 

device is ON until the inverter voltage goes to minimum to turn off the keeper 

device in conventional dynamic logic. However, this problem is minimized with 

this work. 

Table 1: Size of transistors for different inputs of OR gates 

 

Figure 7: Clock versus feedback resistive gate 

Wide Fan 4 8 16 32 

(W/L) TK 3Lmin/ 1Lmin 3Lmin/ 1Lmin 3Lmin/ 1Lmin 3Lmin/ 1Lmin 

WTW 8Lmin 8Lmin 8Lmin 11Lmin 

(W/ L) TR1 3Lmin/ 5Lmin 3Lmin/ 5Lmin 3Lmin/ 6Lmin 3Lmin/ 6Lmin 

(W /L) TR2 3Lmin/ 6Lmin 3Lmin/ 6Lmin 3Lmin/ 6Lmin 3Lmin/ 6Lmin 

(Wp) Inverter 6Lmin 6Lmin 6Lmin 6Lmin 

(Wn) Inverter 6Lmin 6Lmin 8Lmin 8Lmin 

(W/ L) TP 3Lmin/ 5Lmin 3Lmin/ 5Lmin 3Lmin/ 5Lmin 3Lmin/ 6Lmin     
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4. Sizing of Transistors 

In this research, several works have been studied to be compared with the 

proposed circuit such as: high-speed domino circuit (HSD), the controlled 

keeper by current comparison technique (CKCCD) (Fig. 2), voltage 

comparison-based domino logic circuit (VCD) (Fig. 3) and the proposed 

dynamic logic circuit. In HSD circuit, different widths to length ratios are used 

to get the best performance. In conditional keeper domino logic (CKD), length 

is used as 2Lmin.  

We used OR4, OR8, OR16, OR32 gates and time delay are taken as 170ps, 

190ps, 200ps and 210ps. It is to be noted that the size of the transistors are 

adjusted to obtain the best result as shown in Table 1. Weak and strong keepers 

are used and varied to get the desired result. An inverter is used, which has the 

width to length ratio of 2. 

In the proposed technique, TP is the keeper transistor which compensates the 

leakage current and increases the robustness of the circuit. As we know, 

upsizing the keeper transistor increases the noise immunity but also increases 

the power consumption. So, a minimum size is required to increase the noise 

tolerance and size of keeper transistor should be lowered to avoid the flow of 

leakage current. Transistor Tw is inserted to avoid the unwanted discharging 

path in the dynamic node due to leakage current. Also, the length of this 

transistor is increased to reduce the leakage current flowing and power 

consumption. In the proposed resistive gate circuit, the size of two transistors 

must be asymmetric to generate the proper voltage to control the gate of keeper 

device. The length of the transistor is upsized followed by different OR gates. 

Table 1. shows the size of transistors with different inputs of OR gate. In the 

pull down network, all nMOS transistors are of the same width where, 22 nm 

transistors are used and the width is set to minimum W= 3Lmin. 

 

Figure 8: Noise tolerances for various W/L ratios of transistor TR1 
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Figure 9: Power consumption for various W/L ratios of transistor Tw 

The W/L ratio of TR1 is set from 3L/5L to 3L/6L for wide fan-in OR gate in 

order to get better noise immunity. By changing that ratio from “standard W/L-

10%” to “standard W/L+10%”, obtained noise tolerances are shown in Fig. 8. 

So, these standard ratios are chosen to operate the resistive gate. Selected 

standard W/L ratio of Tw for low power consumption is shown in Fig. 9. 

Basically, Tw can contribute to decrease the leakage current flowing at 

evaluation phase. So that, proper sizing of this type of transistor provides better 

noise tolerance and low power consumption. 

5. Simulation Results 

Simulation experiments were carried out using the LTspice simulation tool 

with 22nm PTM technology model [14]. Generated wave shape and data are 

taken from wide fan-in (4, 8, 16, 32 input) OR gates and the results are 

compared with several previous works. It is clearly noticed that the proposed 

model provides better noise tolerance. These data are obtained by setting (W/L) 

TK = (3L/ 1L) min, (W/ L) Tp= (3L/ 5L) min and Wp= 6L min, Wn= 6L min for 

output inverter. 

5.1  Noise Margin Analysis 

Noise margin is defined as the rate of stability of a circuit and noise 

tolerance of stored data at the dynamic node. Leakage measurement method can 

explain the Unity Noise Gain (UNG). Where different types of identical noise 

pulses are applied on inputs and amplitudes of output noise are analyzed. 

Basically, UNG is used for making the comparison between leakage and noise 

robustness of domino logic circuit and it can be estimated [15] by using the 

following equation: 

 { ; }in noise outUNG V V V   (2) 
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In the proposed dynamic logic circuit, when the circuit is affected by noise, 

the keeper device will not work perfectly because the generated noise could 

modify the gate voltage of the keeper device. For that reason, two-external 

voltages are applied on the keeper device with opposite polarities. The gate of 

the keeper device is connected with an external noise source and the drain or 

dynamic node is connected with another external noise source. A dynamic 

circuit is considered to be good when the designed circuit can tolerate more 

noises without data distortion. 

It is noticeable that the noise margin (NM) is decreased with the number of 

inputs as shown in Table 2. So, the fact is that the number of inputs is a 

significant factor. The noise tolerance values of the proposed model give better 

normalized data. 

Table 2: Normalized noise margin (NM) and power (NP) of different OR gates 

Different 

Models 

Fan-in 4  Fan-in 8 Fan-in 16 Fan-in 32  

NM NP NM NP NM NP NM NP 

HSD [7] 0.37 2.03 0.33 1.94 0.3 1.68 0.27 1.81 

VCD [8] 0.36 2.4 0.32 2.2 0.28 1.9 0.26 1.8 

CCD [9] 0.36 1.32 0.34 1.3 0.32 1.31 0.29 1.24 

Proposed 0.395 1 0.379 1 0.361 1 0.340 1 

5.2 Power Analysis 

Table 2 shows the comparison of power consumption. This data is 

normalized with respect to the proposed circuit. All data was taken using 22nm 

Predictive technology model. The proposed circuit shows a significantly lower 

amount of power consumption as compared with the high-speed domino (HSD) 

logic and Voltage control domino circuit (VCD). In the collection of high speed 

domino (HSD) logic data, a change of the size of the keeper device is required.  

In the current comparison domino circuit, several models are used to control 

the gate of the pMOS keeper device which increases the time delay. However, 

the proposed circuit reduces the time delay using nMOS based resistive gate. 
The normalized power (NP), delay (ND) and noise margin (NNM) are 

shown in Fig. 10. The figure shows, that a better decrement of power and delay 

is achieved in the 22nm model while the noise margin gets better value in the 

45nm model. Table 3 presents the standby power of the proposed circuit 

showing lower power consumption in OR32 and OR16 and also shows higher 

power consumption rate than the model proposed in [21] for 8 inputs OR gates. 
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Table 3: Comparison of standby power consumption in μW 

Models CCD [9] CKCCD [10] Proposed 

OR8 1.5 1.6 1.7 

OR16 1.8 1.6 1.5 

OR32 1.7 1.6 1.4 

 

Figure 10: Normalized data for several aspects of measurement

5.3 Area Calculation 

The layout of the proposed model is designed using Cadence Virtuoso tool 

and checked by DRC )Design Rule Checker( and LVS )Layout versus 

Schematic). The proposed techniques have been compared with several 

conventional methods. The proposed model required only 39 transistors for 

designing the 32 inputs OR gate while the other techniques need more 

transistors as shown in Table 4. Also, area overhead data obtained by using 90 

nm technology is shown. The proposed circuit designed at 90nm technology 

requires an area of 8.1055 μm2,whereas the same circuit designed at 45nm 

technology (Fig. 11.) requires only 2.2385 μm2. 

 

Table 4: Comparison of the number of transistors with other works for 32 inputs of OR 

gate and area overhead using Cadence Virtuoso tool for 2 inputs of OR gate using 90 

nm model.

Several Works Number of Transistor Area 

CKCCD [10] 42 18.250 μm2 

LCR [12] 37 10.1875 μm2 

CCD [9] 41 14.9062 μm2 

Proposed 39 8.1055 μm2 
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Figure 11: Layout of the proposed circuit using 45nm model 

6. Conclusion 

A keeper circuit consisting of only two nMOS transistors has been designed 

for a dynamic logic circuit. The proposed circuit acts like a resistive gate for the 

keeper transistor. As this circuit is connected in series with the gate of the 

keeper transistor, so the current through the resistive circuit is less and makes 

the keeper weaker at the start of the operation. The contention time is reduced 

as needed. Extensive simulation results demonstrate that the proposed circuit 

consumes less power and provides better noise margin as compared with several 

conventional models. 
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