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ABSTRACT

This paper proposes a modified form of the design for low
dynamic power adder using a reset network in the CMOS
dynamic logic family. The results show that the dynamic power
reduces as compared to lower dynamic power logic and the
domino logic. In this modified form of the low dynamic power
adder, the logic outputs are reset to low during the pre-discharge
phase which is the high input to the clock. The logic evaluation
takes place when the clock input is low. The modified logic is
better than domino logic since it does not require an inverter for
cascading the gates. In Pre-discharging, resetting the output low
prevents the problems of charge sharing and charge leakage
associated with the other dynamic logic families and also it
avoids the static power dissipation which exists in the low power
dynamic logic. Also resetting the output low avoids the problem
of high transition time from high level to low level which exists
in circuits employing PMOS logic. The proposed circuit is a mix
of PMOS logic and a dynamic logic. The proposed logic cell can
be cascaded in a domino like fashion without the need of an
inverter.
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1. INTRODUCTION

The increasing demand for low power Very Large Scale
Integration (VLSI) can be addressed at different design levels,
such as the architecture, circuit, layout, and the process
technology used [1]. At the circuit design level, considerable
potential for power savings exists by means of proper choice of a
logic style for implementing combinational circuits. This is
because all the parameters governing power dissipation switching
capacitance, transition activity, and short-circuit currents are
strongly influenced by the chosen logic style. Depending upon
the application, the kind of circuit to be implemented, and the
design technique used, different performance aspects become
important, disallowing the formation of universal rules for
optimal logic styles.

In order to improve the area and speed of the recent CMOS logic
styles, non-complementary circuit structures and dynamic circuit
operations are used. Domino CMOS is widely used in high
performance integrated circuits. It reduces the device count,
silicon area and improves the performance as compared to the
standard fully complementary static CMOS logic. Domino logic
uses the dynamic concept in which the output is pre-charged to
VDD in the pre-charging phase and conditionally discharges it
during the evaluation phase.

However the major problem with domino is the charge
redistribution and excessive power dissipation due to the
switching activity and the clock load [4]

To deal with excessive power dissipation of the dynamic logic,
the current design methodologies trade power for performance in
the delay critical sections of the circuit [8-11]. Ref [8-9] used a
mix of dynamic and static circuit styles. Dual power supply is
used in [10] and dual Vt transistors are used in [11]. The adder
design in [8] uses two dynamic gates between three gates. The
design in [10] uses a low voltage supply for clocking the dynamic
design and high supply voltage for the logic evaluation. Ref [11]
uses dynamic logic for adder design with more than 80% of the
device widths in the high speed core employ low Vt. Several
lower power high performance structures are presented in [12]

To circumvent leakage problems various compensating
mechanisms have been proposed. They include a metal-insulator
capacitor [13], a trickle transistor [14] or a weak DMESFET and
diode [15].

A new logic family is proposed in [2] which improves the
performance of arithmetic circuits, as compared to dynamic
domino CMOS circuits. The logic family works on domino
concept for dynamic circuits, with the added feature that gates
commence evaluation even before all their inputs are valid. This
fact results in very fast evaluation in the computational block [2].
But the logic suffers with the problem of static power dissipation
for certain input cases and this problem is addressed in this work.
A modified design is proposed to prevent static power
dissipation.

The modified design is simulated in TANNER S-SEDIT software
and results are compared with the design proposed in low
dynamic power adder. Inverters are simulated for the case of
CMOS, domino, Low Dynamic Power Dynamic gate (LDPD)
and Modified Low Dynamic Power (MLDP) logic. A 1 bit full
adder is simulated for the LDPD logic and the modified logic
results are tabulated. Layout of the adder is prepared in TANNER
L-EDIT. The principle of operation of LDPD [2] design is
illustrated in section 2. The modified design is described in
section 3. The issues of cascading problems and static power
dissipation are dealt in section 4.The 1-bit full adder design is
demonstrated in section 5. The simulation result of 1-bit full
adder is in section 6.

2. THE PREVIOUS LDPD DESIGN

The basic structure of the previous LDPD is shown in Fig 1. The
basic structure consists of NMOS transistors that have their gates
connected to the inputs which have main role in pulling down the
output in the evaluation phase.
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Figl Basic structure of the previous proposed logic gate
LDPD (Low dynamic power dynamic gate)

These transistors are paralleled together. This block is connected
in series with another transistor which is activated only in reset
phase. In the previous LDPD logic high clock input is the pre-
discharge (reset) phase and low clock input is the evaluation
phase. In the standard dynamic logic the output is always charged
to VDD during pre-charge phase which causes the cascading
problem, charge sharing problem and leakage current problem.
Cascading of domino logic involves incorporation of inverters at
the output logic block. This causes not only extra area but also,
sufficient longer delays because of the inverters.

The drawback of LDPD is that during evaluation phase when all
the inputs are high, direct path exists from VDD to GND which
causes the static power dissipation. Thus during evaluation phase
when output is low ratio logic is made. This problem is illustrated
in Fig 2.

N

Fig 2. Static power dissipation in inverter LDPD.

Fig 3 Simulated result for inverter in LDPD logic
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Fig: 4. Simulated result for inverter in domino logic

Fig 5. Simulated result for inverter in MLPD logic

In Fig 3 till 100ns the clock as well as input is high and this resets
the output to GND. When the clock gets low, the PMOS in the
inverter gets on and the inverter is now in evaluation mode.
Because input is high the NMOS network of inverter is also ON
and the direct path exists between VDD and GND. This causes
significant static power dissipation. The nominal high voltage of
inverter in this logic is VDD since the pull down network is off
when the output is high but the nominal low voltage is not OV.
This results in low noise margin and more static power
dissipation.

Fig 4 shows the inverter in domino logic. In this logic when clock
input is low, the output node is pre-charged and when the clock
input is high evaluation takes place.

Fig 7 shows the inverter in modified low dynamic power logic,
the output node is reset when the clock input is high and
evaluation takes place when the clock input is low

Another problem with LDPD is that, in its reset networks it
contains the inputs in parallel which when low disconnect the
output node from GND. Consider the case of two cascaded
inverters in low dynamic power logic. When the clock is 1 and
input is 1 the first inverter gets reset but the second inverter does
not get reset as its reset network contains the output of first
inverter which is low. This is illustrated in Fig 5.
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Fig 6. Cascaded inverters in LDPD.
3. MODIFIED LDP DESIGN

The basic structure of modified LDP design is shown in Fig 6. In
the Modified Low Dynamic Power Design (MLDP) the output is
pre-discharged to GND before evaluation as is done in [2] but the
modified logic uses the PMOS network to implement the logic.
Also no transistor is connected in series with the reset network. In
general PMOS circuits are slow to transition from high to low.
When transitioning from low to high, the transistors provide low
resistance, and the capacitive charge at the output drains away
very quickly. But the resistance between the output and the
negative supply rail is much greater, so the high to low transition
takes longer.

Modified LDP design uses the dynamic concept that the output
node is made low during the reset phase and it gets conditionally
charged to VDD through the PMOS network in the evaluation
phase PMOS network is used only for low to high transition in
the modified logic and this reduces the transition time for low to
high. The high to low transition is done through NMOS network,
thus well know problems of low to high transition and static
power dissipation in case of PMOS logic is avoided in the
modified LDP design.

VDD
A

PMOS Block to implement the logic

v
NMOS Transistor to Reset

!

GND

Fig 7. Basic structure of MLDP (Modified Low Dynamic
Power)

Fig 8 shows a simple inverter in modified LDP design. In MLPD
the reset network is off during the evaluation phase hence no
direct path exist path exists between the VDD and GND .This
avoids the ratio logic used in LDPD and the noise margin of the
modified logic is more, since the output is pre-discharged to
GND during reset phase the need for inverters to restore the
output node is eliminated. This also eliminates the problem of
charge redistribution and leakage current. Restoring networks
have been required in all other published works on domino logic
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[13]-[14]. The simulated structure of two cascaded inverter is
shown in Fig 9. In the modified logic no input is connected to the
reset network, hence all inverters get reset at the same clock cycle
unlike LDPD.

Fig 8.. Inverter in MLPD

Fig 9. Cascaded inverter in MLDP

4. 1-BIT FULL ADDER DESIGN IN
MODIFIED LOGIC

In this section 1-bit full adder design in the modified logic is
discussed. The structure of the basic sum and carry cell used is
same as the CMOS adder cell used in [3]. The schematic of 1 bit
full adder is shown in fig 10. The software used for schematic
simulation is S-Edit from Tanner. During the evaluation phase
the sum bar will certainly be high if any two of the three inputs
ci, a, b are high and the other input is low. In this case the
carrybar will be low, and the sumbar will get charged through
PMOS network. If all the three inputs ci, a, b are high then
sumbar will be zero and in this case the carrybar will be low. In
case all inputs a, b and carry in (ci) are all low both sumbar and
carrybar will be high. In other cases the carry bar will be high and
the sumbar will remain low. The sumbar is low already. It will be
asserted high only by inputs during evaluation phase.. The reset
output makes the fall time low and the use of PMOS network for
low to high transition makes the rise time low thereby improving
the overall performance. The layout of the carrybar logic and
sumbar logic is created separately in L-EDIT software. The
layout for sumbar is shown in Fig 12 and the layout for carrybar
is shown in fig 13. The simulated waveform for schematic of
carrybar is shown in fig 11.
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Fig .10 Schematic of Full Adder in MLDP Logic

5. SIMULATION RESU

LTS

We have used tanner S-Edit software for simulation. The

technology used is 180nm and the
average power dissipation of 1 bit
1.7 times more than the power

supply voltage used is 5V. The
full adder in case of LDPD is
dissipation of 1 bit adder in

MLDP. Thus MLDP is better than LDPD in terms of average

power consumption. Also inverter
and MLDP logic. It is found tha

is simulated in domino, LDPD
t average power consumed in

MLDP is 1.3 times lower than that in domino logic and both the

logic are more than 5 fold better th

an LDPD logic.

Table 1. Simulation Results for 1 Bit Full Adder

Logic style Average Power (mW)
LDPD 0.258
MLDP 0.154
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Fig 12 Layout of sum bar

Table 2. Simulation r

esults for inverter

Logic style Average Power (mW)
LDPD 4.26
MLDP 0.0161
Domino 0.021

Veltags (V)

Veltags (V)

Veltags (V)

Veltags (V)

Veltags (V)

Fig 13. Layout of carrybar
6. CONCLUSION

In this paper a new class of dynamic logic called LDPD is
reviewed and its drawbacks are addressed in the paper. To

remove the static power dissipation and cascading problem, a

Fig. 11 Simulated waveform for carry in MLDP

modified dynamic logic is proposed in the paper. A 1-bit full
adder was simulated in the LDPD logic, domino logic as well as
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in the modified logic MLPD and it is found that average power
dissipation has been decreased by 1.7 times in case of 1-bit full
adder and 1.3 times in case of inverter than the second best
dynamic logic i.e. the domino logic. The LDPD logic is found to
be better in terms of performance but it is found poorest in terms
of power saving. Also the proposed modification uses the mix of
PMOS logic and dynamic logic with the added feature that for
high to low transition NMOS reset network is used thereby
avoiding the low speed problem of general PMOS logic. This
mix usage of NMOS for high to low transition and PMOS logic
for low to high transition increases the overall performance. The
reset of gate output to low during the reset phase completely
removes the problem of charge redistribution and leakage current
which is found in all the existing domino logics. Also the
proposed logic does not need restoring inverters when gates are
cascaded thereby saving some area and reducing propagation
delay, in comparison with other domino logic families.
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