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Abstract: Power saving is more important than any other thing now a days because high speed and low power design continues to get
more attention. In this paper, low power dynamic circuit [1] has been implemented at 180nm, 90nm, 45nm and 32nm technology, using
HSPICE. The simulations are performed on CosmosScope. The power saved is up to 46%, 50%, 51% and 73% for 180nm, 90nm, 45nm
and 32nm technology respectively using the proposed footed diode circuit [1]. Domino buffer and a two input AND gate have been used
as a test circuit to show the simulation results.
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CMOS stage. Because of transistor at the bottom is turned
1. Introduction off, it is impossible for the output to be driven low during
this phase.
Domino logic is one of the dynamic logic circuits followed
by a static CMOS inverter . The operation of this circuit is Voo Voo,
controlled by a clock signal. The parasitic capacitance, )
located just before the static inverter, stores the output
voltage and passes it to the next stage. The domino logic cﬂ.;—-—# |:
circuit works in two phases. They are precharge phase and
evaluation phase. L Out

When the clock is low, it is called the precharge phase. In NMOS
this phase, the output node of the dynamic CMOS stage is Logic
precharged to a high logic level, and the output of the CMOS
inverter (buffer) becomes low.

1.1 Precharge phase [

1.2 Evaluation phase

When the clock is high, it is called the evaluation phase. At

the beginning of the evaluation phase, when the clock signal

rises, there are two possibilities : The output of the dynamic | 1 |

CMOS stage is either discharged to a low level through the Dynamic CMOS CMOS invertor

NMOS circuitry(1 to 0 transition), or it could remain high. Stage Stage

As a result, the inverter output voltage can also make at most ) ) o )

one transition during the evaluation phase, from 0 to 1,  Figure 1: Generalized circuit diagram of a domino CMOS
irrespective of the value of the inputs applied to the dynamic logic gate

An extra noise is introduced to the dynamic circuit in
precharge phase. To avoid this noise TSPC based dynamic
logic circuit is used. The drawback being that an extra clock
transistor is used in output stage static inverter. However,
while using TSPC based dynamic logic circuit, performance

Monika Jain, IJECS Volume 3 Issue 10, October, 2014 Page No0.8748-8751 Page 8748


http://www.ijecs.in/
mailto:2507monika@gmail.com
mailto:email%3Aswairya@ietlucknow.edu

degradation is monitored in the circuit due to the propagation
of precharge pulse from dynamic node to the output node.
This problem can be compensated through PDB based
domino logic.

2. PDB Based Domino Buffer

In pseudo dynamic buffer, the NMOS transistor M5 of the
static inverter, used in conventional domino buffer, is
connected to node X instead of ground (as shown in figure
2). As a result, during the precharge phase when clock pulse
is low, the value of dynamic node Y cannot propagate to the
output node because of the disabled NMOS clock transistor
M2.

When input A is low, dynamic node Y is always high and
output is low irrespective operating phase.

When input A is made high, the circuit will efficiently
operated under two phases namely precharge phase and
evaluation phase [2].

2.1 Evaluation phase

In this phase, when clock pulse is high, the PMOS transistor
Ml is turned off and NMOS transistor turned on. As a result
the dynamic node Y discharges through node X and makes
the output node high.
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Figure 2: Domino buffer using pseudo dynamic buffer

2.2 Precharge phase

When clock pulse is kept low, transistor M1 is turned on and
M2 is turned off. As a result, the PMOS transistor M5 is
turned on and dynamic node Y gets charged to Vzz. The
output is still high because the clock pulse turns off the
transistor M2, which does not allow the output node to
discharge.

3. Footed Diode Based Domino Buffer

The performance degradation monitored in the TSPC based
dynamic buffer was compensated by PDB based design for
domino logic, but only up to some extent. It can still be

improved by a footed diode based domino logic[1].This
circuit will reduce the power consumption up to 90% while
using different technologies as compared to conventional
domino buffer.

3.1 Footed diode based domino buffer

In this circuit, an extra NMOS transistor M6 is being used as
a diode in between ground and clock transistor M2. Let us
take an example of a diode footed buffer shown in the figure
3. We can see that the source of the NMOS transistor M5 is
connected to the node X instead of the ground.

When input A is low, the dynamic node Y is always high and
output is kept low regardless of operating phase and when the
input A is high, circuit will operate under two phases namely
precharge and evaluation phase [2].
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Figure 3: Domino logic buffer using footed diode

3.1.1 Evaluation phase
When the clock pulse is high, the PMOS transistor M1 is
turned off and NMOS transistor M2 is turned on. As a result,
the dynamic node Y discharges through node X and the
output node becomes high.

3.1.2 Precharge phase
When clock pulse is low then PMOS clock transistor M5 is
turned on and dynamic node Y is charged to ¥z . The output
is still high as the transistor M2 is turned off by the clock
pulse. So, M6 is also off and thus the output node is not able
to discharge. Due to stacking effect power is compensated.

3.2 Footed diode based 2-input domino AND gate

A Footed diode based 2-input domino AND gate is shown in
figure 4. The inputs to the gate are A and B with the footed
NMOQOS transistor M7.The working is same as the footed
diode domino buffer. This circuit can also work in two
phases, namely, precharge phase and evaluation phase. In
precharge phase, the clock signal is low (clk=0) and in
evaluation phase, the clock signal is high (clk=1).
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Figure 4: 2-input domino logic AND gate using footed diode

4. Simulation Results

To evaluate the performance of the PDB based domino logic
and the footed diode technique [1], we have used 180nm,
90nm, 45nm and 32nm standard CMOS technologies. In
order to show the power saving of our techniques, simulation
was performed using CosmosScope and the coding was done
on HSPICE.

The simulation results for the power dissipation in buffer
using different technologies is shown in Table-1, and the
percentage of power saved by each technique is shown in
Table-2.

TABLE 1. Power dissipation in domino buffer using different
logics at different CMOS technologies.

Power
(Footed
Diode)
(uw)

Power
(PDB)
(uw)

Power
(TSPC)
(uw)

Power
(Conventional)
(uw)

180nm | 9.51 8.83 6.415 5.876

90nm 2.04 2.016 1.513 1.292

45nm 5.767 4.548 3.576 2.721

32nm 0.3026 0.2923 | 0.2270 | 0.1694

TABLE 2. Percentage of power saved in domino buffer
using different logics at different CMOS technologies

Power Power saved Power saved
Saved (PDB)in% (Footed Diode)ln
(TSPC)In% %

180nm 7.1 32.5 39

90nm 11 25.83 36.66

45nm 21.13 37.99 52.81

32nm 3.40 24.98 44.01

The simulation results for the power dissipation in 2-input
AND gate using different technologies is shown in Table-3,
and the percentage of power saved by each technique is
shown in Table-4.

TABLE 3. Power dissipation in 2-input domino AND
using different logics at different CMOS technologies.

Power Power | Power | Power (Footed
(Conventi | (TSPC) | (PDB) | Diode)(uw)
onal)(uw) | (uW) (uw)

180nm | 12.02 11.25 8.7 6.463

90nm 3.055 2.695 2.119 1.504

45nm 6.534 5.263 4.451 3.162

32nm 0.7571 0.4211 | 0.3703 | 0.1993

TABLE 4. Percentage of power saved in 2-input domino AND
using different logics at different CMOS technologies.

Power Power saved | Power saved
Saved (PDB) In% | (Footed Diode)
(TSPC)In % In %

180nm | 6.4 27 46.7

90nm 11.81 30.63 50.76

45nm 19.45 31.87 51.60

32nm 4.43 51.08 73.67

Monika Jain, IJECS Volume 3 Issue 10, October, 2014 Page N0.8748-8751

Page 8750



5. Conclusion

This paper shows the simulation results of a buffer and a 2-
input AND gate implemented using PDB based domino logic
and footed diode domino logic style [1]. The coding and
simulations are done on HSpice and CosmosScope,
respectively at 180nm, 90nm, 45nm and 32nm technologies.
The simulation result shows that compared to the
conventional logic the power is saved up to 36%, 30%, 37%
and 51% for 180nm, 90nm, 45nm and 32nm technology
respectively when PDB based logic style is used and up to
46%, 50%, 51% and 73% for 180nm, 90nm, 45nm and 32nm
technology respectively when footed diode based logic style
is used.
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