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Abstract---In domino logic circuits, scaling down 

technology threshold voltage is decreases the 

subthreshold and gate oxide leakage or static 

power dissipation can be performed. In this 

paper, we introduced new domino logic circuits 

to reduce leakage power in the circuitry. High 

threshold n-type and p-type transistors inserted 

between precharge and evaluation network, the 

gate of these transistors are connected and 

controlled by the respective drain region. For 

any combination of input vectors, the inserting 

two transistors creates stack thereby increasing 

the propagation delay from the path supply 

voltage to ground. Wide fan-in result designed 

by using 16nm V2.1 HP Predictive technology 

model CMOS Technology. In this model, the 

active and standby power consumption is 

observed at different 250C and 1100C 

temperature variations. The maximum power 

consumption 91% is achieved when compared 

to the conventional circuits. Performance can be 

increased due to decreasing the output voltage 

swing.  

Keywords - GALEOR, Domino logic circuits, 

Sub-threshold leakage, Static power dissipation, 

Leakage current. 

 

I. INTRODUCTION 

 Domino logic could be a CMOS-based 

evolution of the dynamic logic techniques that is 

predicated on either PMOS or NMOS transistors. It 
permits a rail-to-rail logic swing and is developed 

to increasing the circuit speed. Using this 

technique, glitch-free operation may be obtained as 

every gate will create only one transition. However 

the most drawbacks are that of the charge 

distribution. The key necessity of making use of 

CMOS domino logic for the look of combination 

logic circuits is that of low tolerance and high 

speed operation. Dynamic logic like domino logic 

is wide employed in several applications to attain 

high performance, that can't be achieved with static 

logic designs. However, the most disadvantages of  

dynamic logic families is that they're additional 
sensitive to noise than static logic families. On the 

opposite hand, because the technology scales 

down, the availability voltage is reduced for low 

power, and therefore the threshold voltage (Vth) is 

additionally scaled all the way down to come 

through high performance. Since reducing the 

threshold voltage exponentially will increase the 

sub-threshold leakage current, reduction of leakage 

current and rising noise immunity square measure 

of major concern in strong and superior styles in 

recent technology generations, particularly for wide 

fan-in dynamic gates. Less threshold voltage 
suggests that smaller gate change trip purpose in 

domino circuits. Smaller trip points create the 

domino circuit additional at risk of input noise.  

 A conventional approach to enhance the 

hardiness of domino circuits is keeper transistor 

upsizing. However, as the keeper transistor is 

upsized, the contention between keeper transistor 

and NMOS evaluation network will increase within 

the evaluation phase. Such current contention will 

increase evaluation delay of the circuit and will 

increase power dissipation. Thus, keeper upsizing 
trades off delay and power to enhance noise and 

leakage immunity. Such trade-off is not acceptable 

as a result of it may build the circuit too slow or too 

power. There are techniques proposed within the 

literature to address this issue. High speed domino 

logic and conditional keeper are among the 

foremost effective solutions for raising the 

robustness of domino logic. In this paper, we 

introduce a new domino circuit for wide fan-input, 

high speed and low power VLSI applications in 

ultra deep submicron technology.  
The rest of this paper is arranged as follows. 

Section II Analysis of Leakage Reduction 

Technique, Section III Proposed New Domino 

Logic Circuits, Section IV Simulation results and 
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discussion for the proposed circuit using T-SPICE 

simulations in 16-nm high-performance predictive 

technology compared with other conventional 

circuits and Section V includes conclusion. 
 

II. ANALYSIS OF LEAKAGE REDUCTION 

TECHNIQUE 

 As the scaling down technology the threshold 

voltage decreases the sub threshold leakage and 

static power dissipation are increased in the path 

between supply voltages to ground. There are 
several techniques to reduce the leakage in CMOS 

circuits. Now we introduced a Galeor technique to 

reduce the leakage power in domino logic circuits. 

Galeor is a gated leakage control transistor shown 

in figure 1. It consists of n-type and p–type 

transistor connecting between the precharge and 

evaluation network. The gate of the inserting 

transistors are connected and controlled by the 

respective drain region. For any combination of 

input vectors these inserting transistor creates the 

stack thereby increasing the delay in the circuitry 

the leakage can be reduced from supply voltage to 
ground. The advantage of the Galeor technique is 

not affected the dynamic power and does not 

required any control logic signal and self control.  

 
Figure.1. GALEOR Technique 

 In this technique reduces the output voltage 

swing because of the threshold voltage loss caused 

by the addition MOS transistors. Reduced voltage 

swing will increase the propagation delay through 

the circuit. Area is decreased by eliminating the use 

of control logic to modify between the active and 

standby states. Performance can be increased 

because of the reduced output voltage swing.  

A) Derivation of Threshold Estimation: 

 Threshold voltage (Vth) estimation of high 

threshold stacked GALEOR is obtained by 

applying KCL at simple node of output. By which 

the relationship between drain to source current of 

n type and source to drain current of p type gate 

leakage control transistor (GLT) is given by 

dspdsn II _
                                                 

(1) 

The two transistors are in linear or in non saturation 

region,  

  2
5.0 dsdstpgsp

p

p

oxpdsp NVNVVV
L

w
CI               (2) (2) 

  2
5.0 dsdstngsn

n

n
oxndsn NVNVVV

L

w
CI               (3) 

By substituting the equation (2) and (3) in (1) and 

we get 

     22
5.05.0 dsdstpgsppdsdstngsnn NVNVVVNVNVVV  

                                                                              (4) 

With 

p

p

oxpp
L

w
C   And 

n

n
oxnn

L

w
C            (5) 

By solving the equation (4) for Vtn, if 

Vgsn=Vgsp=Vgs we get 

 
























n

p

dsgs

n

p

tp

n

p

tn NVVVV











15.01       (6) 

If  gspgsn VV 
 

  









 15.0

n

p

dsgsptp

n

p

gsntn NVVVVV







        (7) 

 

By solving the equation (4) for Vtp, if 
Vgsn=Vgsp=Vgs we get 































p

n
dsgs

p

n
tn

p

n
tp NVVVV












15.01       (8) 

If gspgsn VV 
 

 













 15.0

p

n
dsgsntn

p

n
gsptp NVVVVV








   (9) 

 where Vtp is the threshold voltage of PGLT, Vtn is 

the threshold voltage of NGLT, Vgs is gate to source 

voltage of transistor, Vds is drain to source voltage 

of transistor, Wn and Wp are width of NGLT and 

PGLT respectively,  

 Lp and Ln are length of PGLT and NGLT 

respectively, cox=ε/tox  is gate oxide capacitance 

with ε is relative permittivity and tox is the gate 

oxide thickness, and μn and μp  are the mobility of 

electrons and holes respectively of the GALEOR 

network.  
 By providing different voltage at the point node 

Vdd the maximum current consumed, operating 

region and the resistance of GALEOR for different 

threshold voltage are shown in the figure 2. It is 

certainly proved that the GALEOR operates in 
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linear region for different voltage and it will 

provide high resistance when threshold voltage is 

high.
 

 
Figure.2.Output graph of GALEOR drawn by 

varying different node Vdd voltage with different 

threshold voltage 

   
III. PROPOSED DOMINO LOGIC CIRCUITS 

A) Dual Vth Standard Footerless Domino Logic 

Circuit: 

 The first standard dual Vth transistor was 

introduced by kao. It can be classified into footed 

and footerless domino. The footerless domino logic 

operates at idle and non-ideal modes. When pull up 

network (PUN) MP1 is connected to the clock 

signal transition is said to be precharge phase and 

then pull down network (PDN) MN2 is connected 

to the input signal transition is called as evaluation 

phase. The output of these phases is connected 

through the skewed inverter this node is known as 

dynamic node. The output of the inverter is 

connected through the keeper transistor. The 
feedback keeper transistor PMOS is used to avoid 

any undesired discharging at the dynamic nodes 

against noise, leakage current, charge sharing 

problem and hence increasing the robustness. The 

ratio of keeper transistor (K) is distinct as, 
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 Although keeper transistor improves the noise 

immunity, it will increase current conflict between 

the keeper transistor and the evaluation network, 
thus the circuit increases power optimization and 

delay of standard domino circuit. Working of Dual-

threshold domino logic: When the clock is low or 

non-ideal mode operation MP1 precharge transistor 

is ON and the dynamic node takes place, then the 

node is called as precharge phase. During the 

precharge output node goes to high then the MP2 

transistor turns ON due to skewed inverter at the 

dynamic node maintaining high state. The domino 

logic output is independent of the input vectors 

applied at the evaluation network, and then outflow 

current is dependent on the input vectors applied. 

Alternatively when the clock is high or ideal mode 

operation MP1 transistor is OFF condition and the 

dynamic node depends on the input vector is 

applied, MP2 transistor is also depended on the 
output of the circuit this phase is known as 

evaluation network. Isub and Igate also depends 

only the input vectors applied in the circuits.  

 

 

Figure.3. Standard Dual-Vth Domino Logic OR gate 

B) GALEOR Standard Footerless Domino 

Circuit: 

  In this dual threshold domino logic circuit 

consists of three modes: precharge, evaluation and 

dynamic node. In this technique, we introduced an 

effective stacked n-type and p-type transistor 

connecting between the pull up network (PUN) and 

pull down network (PDN). The gate region of these 
transistors is connected through the respective 

drain region. For all input vector combinations 

inserting two transistors creates stack, thereby 

increasing delay in the circuitry then the sub-

threshold and gate oxide leakage current or static 

power dissipation will be deduced simultaneously. 

 
Figure.4. Proposed standard dual Vth domino logic OR 

gate 

 In our approach, MN2 (NMOS) and MP4 

(PMOS) two gate leakage controlled transistors are 
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inserted between the precharge transistor and 

evaluation network. The gate of these transistors 

are connected and controlled by the drain region 

respectively. In this configuration, MN2 and MP4 
transistor switching operation depend on the 

voltage probable at N1 and N2 nodes respectively. 

As far as this any combination of input, inserting 

transistor creates stack effect, Due to increasing 

delay in the path between supply voltage and 

ground, the leakage current can be decreased.   

 
Figure.5. Proposed standard dual Vth domino logic 

AND gate 
 

C) Circuit Operation: 
 When the clock is low or non-ideal mode MP1 

transistor is ON condition and the dynamic node 

takes place, then the node N1 is charging then the 

MN2 transistor turns ON condition. Due to the 

dynamic node is charged high then the output of 

the inverter is more sufficient to turn ON the MP2 

transistor. Suppose if the inputs of the evaluation 

network are low then the node N2 charging due to 

MP4 transistor is in ON condition less resistivity 

path then the circuit introduced delay between the 

supply voltage and ground or if the inputs are high 
then the voltage node N2 is not sufficient to turn on 

the MP4 transistor goes to create stack effect. Due 

to dynamic node maintaining the high charging, 

this phase is called as precharge phase. The domino 

logic circuit output is independent of the input 

vectors applied at the evaluation network, and then 

leakage current is dependent on the input vectors 

applied.  

 Now the clock is high or idle mode this phase 

is called as evaluation network. Charging and 

discharging of the dynamic node depends upon the 

input vector applied. If the inputs are less MP4 
transistor is ON condition then the dynamic node 

gets charged by the evaluation network and the 

output of the skewed inverter is low, it is more 

sufficient to turn ON the MP2 transistor. Due to the 

node N1 goes to turn ON the transistor MN2, and 

then the transistors create stack effect, between 

supply voltage and ground. Thereby reducing the 

Isub, Igate leakage current and static power 

dissipation. A further way if all the inputs are high 

at the evaluation network, the dynamic knot will be 
discharged. The output of the inverter is high; the 

transistor MP2 reaches OFF condition at the node 

of N1 transistor MN2 and then the transistors 

create stack effect, between power supply and 

ground. It also increases the propagation delay 

through the path in the circuitry simultaneously, 

and then the delay can be controlled by sizing of 

the gate leakage controlled transistors. 

In this paper, the proposed method is applied to 

the various domino logic circuits such as 

Conditional Keeper Domino (CKD), High Speed 
Domino (HSD), Leakage Current Replica Keeper 

Domino (LCR Keeper), and Controlled Keeper by 

Current Comparison Domino (CKCCD), Diode 

Footed Domino (DFD), Diode Partitioned Domino 

(DPD), and Current Comparison Domino (CCD). 

 

IV. SIMULATION RESULT AND DISCUSSION 

 PTM- Predictive Technology model is used for 

simulating the standard dual-Vth domino logic and 

proposed technique circuits for accurate estimation 

of sub-threshold and gate oxide leakage currents. 
Following currents are simulated in a 16nm high 

performance CMOS technology, Vtp= -0.43121 

and Vtn= 0.47965V, VDD= 0.8V and output 

capacitance Cout=1pF) at different die temperature 

250c and 1100c respectively. The output waveforms 

are obtained by T-SPICE simulation using the 

parameters with specified values mentioned above. 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 
Figure.6. Instantaneous power, Output waveform and 

Input waveform 

 Leakage current consumption in domino logic is 

reduced by the GALEOR network. Reduction in 

leakage current is obtained by reducing sub 

threshold leakage and gate oxide leakage current or 

static power dissipation by stack effect, thereby 

increasing the delay in the circuit between supply 
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voltage and ground node using GALEOR Thus the 

maximum power reduction is obtain when 

compared with 64 bit, 32 bit, 16 bit and 8 bit wide 

fan in domino logic gate with PTM V2.1 of 16nm 

technology at a power supply of 0.8V in SPICE 

simulation and results are tabulated in table 1 and 2 

at different temperature variation 250C and 1100C.

TABLE.1 COMPARISON OF POWER CONSUMPTION BASECASE Vs PROPOSED METHOD (T=1100C) 

DOMINO 

Circuits 

POWER CONSUMPTION ANALYSIS 

(microwatts) 

Wide-Inputs 
Temp=1100C 

BASECASE PROPOSED METHOD 

8 16 32 64 8 16 32 64 

 

SFLD 

Power 244.69 225.98 160.64 94.73 32.52 16.70 10.32 16.47 

N.power 1 1 1 1 0.49 0.05 0.02 0.01 

 

CKCCD 

Power 160.07 325.43 108.31 717.47 74.57 17.26 2.284 8.261 

N.power 1 1 1 1 0.46 0.05 0.02 0.01 

 

CKD 

Power 174.93 33.61 64.43 38.21 160.44 8.792 5.644 7.122 

N.power 1 1 1 1 0.91 0.26 0.08 0.18 

 

DFD 

Power 908.74 7575 7970 1563 6.850 2.453 13.99 25.30 

N.power 1 1 1 1 0.003 0.0006 0.001 0.01 

 

DPD 

Power 1754 1749 177.2 463.4 1173 606.07 31.46 51.61 

N.power 1 1 1 1 0.67 0.3 0.17 0.11 

 

HSD 

Power 176.89 160.60 243.91 245.60 142.02 125.26 30.39 51.72 

N.power 1 1 1 1 0.80 0.77 0.12 0.21 

 

LCR 

Power 45.52 8.966 26.23 29.02 30.76 3.664 18.98 22.66 

N.power 1 1 1 1 0.67 0.40 0.72 0.78 

 

CCD 

Power 188.62 418.16 309.21 93.79 93.87 24.73 8.374 1.069 

N.power 1 1 1 1 0.13 0.07 0.06 0.17 

 

LCK 

Power 15.70 16.23 16.53 16.67 3.325 3.353 3.348 3.378 

N.power 1 1 1 1 0.21 0.20 0.20 0.20 

 

TABLE.2 COMPARISON OF POWER CONSUMPTION BASECASE Vs PROPOSED METHOD (T=250C)

DOMINO 

Circuits 

POWER CONSUMPTION ANALYSIS 

(microwatts) 

Wide-Inputs 

Temp=250C 

BASECASE PROPOSED METHOD 

8 16 32 64 8 16 32 64 

 

SFLD 

Power 388.16 110.90 132.88 40.82 271.08 117.10 30.795 17.793 

N.power 1 1 1 1 0.85 0.97 0.65 0.74 

 

CKCCD 

Power 693.76 166.49 514.44 683.20 170.83 144.24 56.40 10.50 

N.power 1 1 1 1 0.25 0.86 0.10 0.01 

 

CKD 

Power 286.91 63.194 28.87 133.45 32.64 13.75 18.99 14.701 

N.power 1 1 1 1 0.11 0.21 0.65 0.11 

 

DFD 

Power 1189 8936 9446 2347 443.33 304.79 6.893 22.412 

N.power 1 1 1 1 0.37 0.03 0.0007 0.01 

 

DPD 

Power 374.3 1097.7 1052.2 673.85 353.31 729.15 828.36 106.71 

N.power 1 1 1 1 0.94 0.66 0.78 0.15 

 

HSD 

Power 223.58 203.19 488.38 472.71 111.78 55.83 331.06 252.50 

N.power 1 1 1 1 0.49 0.27 0.67 0.53 

 

LCR 

Power 35.31 16.73 11.58 13.59 2.483 9.846 2.384 2.774 

N.power 1 1 1 1 0.07 0.58 0.20 0.20 

 

CCD 

Power 289.99 341.51 466.48 170.83 247.76 332.68 306.41 127.20 

N.power 1 1 1 1 0.69 1.05 0.23 0.43 
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LCK 

Power 14.33 14.65 14.87 15.08 2.042 2.130 2.253 2.375 

N.power 1 1 1 1 0.14 0.14 0.15 0.15 

N.power= Normalized Active Power Consumption
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(g) 

 

 
(h) 

(i) 

Figure.7(a)(b)(c)(d)(e)(f)(g)(h)(i): Comparison result 

of the proposed method and the basecase maximum 

active power can be deduced in the various circuits at 

1100C and 250Cdifferent die temperature 

 

V. CONCLUSION 

 In this paper, a new low-leakage and high 

speed domino logic circuits for low power VLSI 
applications using high threshold stacked 

transistors. Proposed circuits obtained excellent 

noise immunity and higher speed compared to the 

other dominos. These dominos not affected the 

dynamic power dissipation and switching power 

activity. The gate oxide leakage is suppressed by 

evaluation phase and the subthreshold leakage is 

suppressed by precharge phase at both 250C and 

1100C temperature variations. The maximum 
leakage power consumption obtained when 

compared to conventional circuits at 16nm HP 

PTM V2.1 CMOS Technology.   
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