
Abstract— In this paper, a new domino logic structure whose 
architecture is based on a leakage biased (LB) domino circuit is 
introduced. The proposed technique improves the performance and 
the dynamic power consumption of the circuits. In addition, the 
number of transistors is reduced leading to a lower silicon area. 
Simulations are done for various circuits. Compared to the LB 
method, in a full adder circuit, the delay is reduced more than 25%; 
also, the dynamic and the static powers have reduced slightly.

I. INTRODUCTION

MONG the logic styles, the dynamic logic, especially the 
domino logic, can play an important role in the future 
integrated circuit because of their higher speed of 

operation. Among other advantages of the domino logic, one 
can mention its smaller number of transistors than that of the 
conventional CMOS. The disadvantage of this style, however, 
is its high power consumption due to its clock network [1-3]. 

Many low power design techniques have been proposed 
mainly targeting the minimization of the main sources of the 
power dissipation in conventional CMOS VLSI circuits. These 
sources are the capacitive and the short circuit dissipations 
which are the dynamic components of the power dissipation 
[4-6]. The capacitive dissipation, which is the major 
contributor in the total power dissipation, is caused by 
charging and discharging the circuit node capacitances. Many 
circuit realizations have been introduced to reduce this type of 
power. They focus to minimize the total circuit capacitance 
[7], the supply and internal voltages [8], and the switching 
frequency [9]. Most of these circuits require more silicon area. 

By reducing the feature size of the technology the supply 
voltage is reduced to lower the dynamic switching energy per 
operation. This results in the power reduction at the cost of 
slowing down the circuit. However, to maintain the 
performance, the threshold voltages must also be scaled down 
with the supply voltage. Unfortunately, lowering the threshold 
voltage increases the static leakage current exponentially. If 
the feature size reduction continues in the future fabrication 
process generations, the predicted energy dissipation due to 
the static leakage current would be comparable to the energy 
dissipation due to the capacitance switching (dynamic). Some 
circuits have been proposed to reduce the static power but 
have increased the dynamic power [13-15]. As an example, 

one can mention the Leakage-Biased (LB) Domino circuit 
proposed in [14]. The increase of the dynamic power in this 
technique originates from the usage of an extra static CMOS 
inverter gate.  

In this work, we propose a new circuit which reduces the 
power-delay product up to %25 compared to the LB method. 
The static power is equal to that of the LB technique. The 
structure of this paper is as follows. In Section II, we briefly 
review the LB technique while Section III describes the 
proposed circuit. The results and discussion are given in 
Sections IV. Finally, the summary and conclusion are given in 
Section V. 

II. PREVIOUS WORK 

An LB-domino buffer is shown in Figure 1 [14]. In 
comparison with the conventional domino gate, two small 
sleep transistors are added to the gate: a high-Vth PMOS in 
series with the keeper transistor (and the PMOS inverter) and a 
high-Vth NMOS in series with the pull down branch of the 
static output logic. High-Vth transistors are shown in figure 
with thick lines for the gates. 

To place the circuit into sleep mode, the sleep signal is set 
and sleepb signal is reset. If the input data in is low, node1 is 
high but the leakage through the pull down transistors of 
NMOS pull-down network (PDN) will slowly discharge the 
node1 to the ground and, hence, the data is lost in the sleep 
mode.  

Fig. 1. A leakage-biased domino buffer [14]
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When the internal dynamic node is discharged, the main 
leakage is across the high-Vth PMOS clk transistor which is 
turned off when the clock signal is high. For the static node 
(node2), the leakage path includes at least two series NMOS 
transistors which one of them is a high-Vth device. Note that a
conventional precharge cycle is used to move from sleep mode 
back to the active mode. 

Using this technique, the LB-Domino gates bias themselves 
into a low leakage state where the internal dynamic nodes are 
discharged low and static nodes are charged high regardless of 
the input vector state. Although this circuit reduces the leakage 
power, it increases the dynamic power as well as the delay and 
area.

III. THE PROPOSED CIRCUIT 

As discussed above, the main problem of the LB circuit is 
that it increases the dynamic power. It also adds some 
transistors and thus the total silicon area is increased. We 
propose a circuit which suppresses these undesirable effects. 
The new circuit is shown in Figure 2. The operation of the new 
circuit is similar to the previous one. Since node2 and node3
take the same values as those of the previous circuit for the 
same input signals, the signal in node2 can be applied to 
node3. This eliminates one the extra inverters in the circuit. 
When this circuit goes to the sleep mode, in the steady state 
node1 is discharged to ground and node 2 is charged to Vdd.
The leakage path is through M2 and M3 for node2 and is 
through M1 for node 1. Since transistor M2 and M3 are 
connected in series, the stack effect reduces the leakage 
current. The clock transistor (M1) has high threshold voltage 
giving rise to a considerable reduction in the leakage.  
Since a complete inverter gate is omitted in this circuit, the 
overall capacitance seen at nodes 1 and 2 is decreased. 
Subsequently, a reduction in dynamic power and delay in the 
proposed circuit is anticipated. 

Fig. 2. The proposed circuit in a 3-input OR gate.

TABLE I. THE PARAMETERS USED IN THE SIMULATIONS.
Process 65nm 45nm
High-Vth 0.22V 0.22V
Low-Vth 0.18V 0.18V
Vdd 0.9V 0.6V

TABLE II. RESULTS FOR AN ADDER CIRCUIT IN 65NM TECHNOLOGY.
(VDD=0.9V) 

IV. RESULTS AND DISCUSSION 

To determine the improvements of the suggested technique, 3-
input OR gate, AND gate, and a full adder circuits were 
simulated using HSPICE. The technologies used are two 
standard CMOS 65nm and 45nm dual threshold voltage [16].
In the simulations, the supply voltage was swept from 0.4V to 
1V. The parameters used in the simulations are summarized in 
Table I. As is seen from this table, Vth’s are the same in the 
two technologies. 

We have implemented the conventional adder with our 
proposed logic. The full adder circuit is shown in Figure 3. 
The simulation results for the dynamic power (Pd), the static 
power (Ps), and the delay (Tp) for the full adder are given in 
Table II. Compared to the LB method, the delay is reduced 
more than 25% while the dynamic and the static powers have
reduced slightly. 

In Figures 4-5, the power delay products for the OR and 
AND gates are shown. The power delay product of the 
ADDER as a function of the supply voltage is depicted in 
Figure 6. All these results show that the proposed circuit 
improves the dynamic power, the delay, and the power delay 
products for these circuits.  

(a)

(b)
Fig. 3. Domino logic Adder. (a) Sum circuit, (b) Cout circuit.

Circuit Pd [μw] Ps [μw] Tp [ps]
LB-Domino 29.09 53.06 330.8

Proposed Circuit 28.28 52.93 240.7

124

The 18th International Confernece on Microelectronics (ICM) 2006



V. SUMMARY AND CONCLUSION 

In this paper, a domino logic structure which has low static 
power consumption was proposed. Its architecture is based on 
a leakage bias domino circuits. Compared to the previous 
structure, the delay of circuits was reduced more than 25%, in 
addition; the dynamic power and the area were reduced. The 
proposed architecture could be used for modern applications 
where high performance and power-delay product are the main 
evaluation metrics. 
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APPENDIX

(a) 

(b) 
Fig. 4. Power delay product in 3-input OR gate versus Vdd in (a) 65nm (b) 
45nm process. 

(a) 

(b) 
Fig. 5. Power delay Product in 3-input AND gate versus Vdd in (a) 65nm (b) 
45nm process. 
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(b) 
Fig. 6. Power delay product in an ADDER circuit versus Vdd in (a) 65nm (b) 
45nm process. 
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