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Abstract

In this paper, an advanced low power method known as Adiabatic Logic is
used to implement Adiabatic 4-bit Ripple Carry Adder (RCA) and Adiabatic
4-bit Carry Look ahead Adder (CLA). The technique used is Two Phase
Clocked Adiabatic Static CMOS Logic (2PASCL). Circuit analysis has been
done in terms of the total power dissipation and the corresponding delay of the
circuit. We have compared the results of 2PASCL adder circuits with the
conventional CMOS adder circuits. Simulations have been performed in
CADENCE gpdk180 CMOS technology. The results prove that about 68.69%
power savings in 4-bit RCA and 63.38% power savings in 4-bit RCA are
possible using this technique and are hence are suitable for implementation of
low power VLSI circuitry.
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|. INTRODUCTION

As the semiconductor electronics has stepped in the nano-technology scale, transistor
count on a single Integrated chips is also increasing proportionally. The mobile and the
other portable equipments that we are using today has increased the logic and clock
speeds in order to satisfy the requirements of energy efficiency. This has increased the
dynamic power dissipation of the circuits. In conventional CMOS devices the
techniques that were used to minimize the power dissipation were by reducing the
supply voltage, switching activity and the node capacitance. Although these methods
have reduced the power consumption to some extent and some other promising
techniques have been developed, but adiabatic logic principle appears to be a more
practical solution for reducing the dynamic power dissipation [1-4].

Adiabatic Logic Circuits are based on the energy recovery principle, in which
the charging and the discharging of capacitors occurs at a very slow speed, so that
small amounts of power is wasted and recycling the energy stored on their load
capacitors is provided back to the vary power supply. Instead of the fixed voltage, a
varying supply voltage is used here. The voltage provide also acts as a clock. The
power clock given to the circuit can be a trapezoidal waveform or a sinusoidal
waveform. Initially, the power clock that is given to the circuit will charge the
capacitor adiabatically during the instant it is going up and when power supply is
ramping down the energy stored in the load capacitor will be given back to the power
supply [5-7].

Adiabatic circuits are of two types: Fully Adiabatic and Partially Adiabatic
logic circuits. In case of fully adiabatic circuits, there are ideally no losses. But the
circuitry required to form fully adiabatic circuits is very complex. Moreover, the
designing of a power clock generator for them is a difficult task. While as, there are
some non-adiabatic losses in Partially Adiabatic circuits but the circuitry required to
design partially adiabatic circuits is easier. Non adiabatic losses refer to the trapping of
a charge in the nodes of a circuit.

In recent years, various adiabatic logic techniques have been studied to achieve
the low power goal. Some among these used trapezoidal waveform at the supply,
which is difficult to generate [8-10]. QSERL uses two complementary sinusoidal
signals. Few limitations of these techniques were with respect to the floating nodes,
depletion of charge at the node capacitances, the fan in of the adiabatic logic gates.
Also, the use of diodes in certain logic families puts a limitation on their use due to
degraded output amplitude and the power dissipation of the diodes at the charging path
[11-16].

In this paper, we have designed and simulated a 4-bit Ripple Carry Adder
(RCA) and a 4-bit Carry Look ahead Adder (CLA) using 2PASCL topology. But
before designing such large adder circuits we have designed and simulated basic gates
like NOT, NAND and XOR followed by 1- bit full adder using 2PASCL technique.
Then, we have compared their output with the conventional CMOS gates in terms of
the power consumption.

The rest of the paper has been segmented into V sections. Section Il describes
the working of basic adiabatic logic circuits. Section 11 is about the working details
of 2PASCL circuits. While as, Section IV and V are about the simulation results and
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discussion and the Conclusion, respectively.

I1. PRINCIPLE OF ADIABATIC LOGIC CIRCUITS
Here we will discuss the principle of operation of adiabatic logic circuits. We shall also
compare its operation with that of conventional switching.

A. Conventional Switching

The two major sources of Power dissipation in conventional CMQOS circuits are static
and dynamic power dissipation. Dynamic power dissipation is due to low-to-high and
high-to-low signal switching in circuits. Static power dissipation is governed by the
logic states of the circuit. It does not depend on signal switching.

Static power dissipation occurs due to diode leakage currents, gate oxide
leakage currents and subthreshold leakage currents. Leakage power is an important
issue because it is dominating active leakage power components in deep submicron
technology. The expression for the leakage power is given by

Rkg = 'ikgad (1)

Dynamic power dissipation occurs due to the charging and discharging of
capacitances. During charging the energy drawn from the power supply is equal to
CVui’. Half of this is dissipated straightaway in the PMOS transistors and its
interconnect. While as, the other half is stored on the load capacitance, C. The energy
stored in the capacitor gets dissipated across the NMOS and its interconnect. The
short circuit power dissipation occurs because of the slow transition of an input from
0 to Vg Or Vg to 0 volts. As a result there is a flow of a short circuit current between
the supply and the ground terminal. The equivalent circuits of CMOS logic for
charging and discharging is shown in Fig. 1. The expression for total power
dissipation is given by

B 2
Fotal =%Vad ™ fek *scVad kg Vad (2)
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Fig. 1. Conventional CMOS switching
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B. Adiabatic Switching

Here we assume that the time constant of the circuit RC is much smaller than the
voltage ramp period T, i.e., RC << T. Hence the voltage at the capacitor closely
follows the supply voltage resulting in a potential difference very close to zero across
resistor R. The voltage at the capacitor V. is also a constant ramp with slope V/T
where V is the swing of the supply voltage and T is the power-clock phase period.
The charging current of the adiabatic circuit is:

And the energy dissipated in the resistor is:
2
E=i’RT =(ﬂj RT =(&)CV2
T T

The equivalent circuit for discharging as shown in Fig. 2, is similar to that of
charging except that the supply voltage ramps down.
Because RC << T, we have

E=(F\_>I_—CJCV2<<%CV2 (3)

It means the energy stored in the capacitor is more than that dissipated by the
resistor during charging or discharging. This indicates that during discharging, some
energy stored in the capacitor is actually returned to the energy source.

R

< <~

Fig. 2. Adiabatic Switching

I11. 2pPAscL CIRCUITS
Two phase clocked Adiabatic Static CMOS Logic (2PASCL) contains two additional
transistors in the circuit. One is placed between the output node and the power clock,
while as the other is adjacent to the NMOS logic circuit and connected to the other
power source. In 2PASCL voltage source Vg and Vg are replaced by PHI and
PHI_BAR respectively, as shown in Fig. 3. It uses two complementary split-level
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sinusoidal waveforms for a power clock generator. The circuit operation is divided into
two phases: evaluation and hold [17-18].

1) Evaluation phase:

a) When the output node Y is LOW and the PMOS tree is turned ON, CL is
charged through the PMOS transistor, and hence, the output is in the HIGH
state.

b) When node Y is LOW and NMOS is ON, no transition occurs.

C) When the output node is HIGH and the PMOS is ON, no transition occurs.

d) When node Y is HIGH and the NMOS is ON, discharging via NMOS and D2
causes the logic state of the output to be “0”

2) Hold phase:

a) When node Y is LOW and the NMOS is ON, no transition occurs.

b) At the point when the preliminary state of the output node is HIGH and the
PMOS is ON, occurs discharging via D1 occurs.

IV. RESULTS AND DISCUSSION

In this section, we have first examined the output logic function and the power
dissipation of a simple inverter circuit. The output waveforms of the circuits are
verified by performing its transient analysis. The results prove that the 2PASCL
topology can reduce the power consumption by about 60% to 70% in adder circuits.
Next, we have performed the parametric analysis by varying the input transition
frequency from 10 MHz to 100 MHz range. It has been observed that the power
savings are on an average 70%. We have designed and simulated the circuits using
CADENCE VIRTUOSO and SPECTRE with 180nm CMOS technology gpdk-180 Kit.
The width W and the length L of NMOS and PMOS transistors are 600nm and 180nm,
respectively. The supply voltage provided for the conventional CMOS circuits is 1.8
volts. Whereas, for the 2PASCL circuits the splitted sinusoidal voltage is in the form
of 0 to 0.9 volts for NMOS and 0.9 to 1.8 volts for PMOS.

A. Inverter Circuit

The output waveform for the splitted sinusoidal signal given at VV4q and ground are in

the form of PHI and PHI_BAR, as shown in Fig. 3. The frequency provided at the

phase clock generator is 400MHz. Input transition frequency is kept at 50MHz for

transient analysis. Output transient analysis results are given in Fig. 4.

1) Comparison of Power Dissipation at different frequencies: The parametric
analysis is done by varying the input transition frequency from 10 MHz to 100
MHz range. The comparison graph shown in Fig. 5 demonstrates that with
2PASCL inverter, the power dissipation is reduced by 2.29 times in
comparison to conventional CMOS circuits.

2) Comparison of Power Dissipation at different Capacitive loads: Here the
transient analysis is done by varying the output load capacitance from 10fF to
500fF. The comparison graph shown in Fig. 6 demonstrates that the power
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dissipation in the 2PASCL inverter is at an average 2.11 times lower than that
of conventional CMOS circuits.

FHI_BAR

Fig. 3. Schematic of 2PASCL Inverter.
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Fig. 4. Transient analysis of 2PASCL Inverter.
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Fig. 5. Comparison of power dissipation of 2PASCL and CMOS Inverter with
respect to transition frequency.
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Fig. 6. Comparison of power dissipation of 2PASCL and CMOS Inverter with
respect to load capacitance.

B.

Combinational Logic Circuits

Since our main aim is to design the 4-bit adder circuits, so logic gates which are
necessary for building of basic cells for the implementation of adder circuits are
required. The gates designed here are 2PASCL based NAND and XOR gates.

1)

2)

Comparison of Power Dissipation at different frequencies: Again transient
analysis of NAND and XOR gate is done by varying the input transition
frequencies from 10 MHz to 100 MHz. The schematic is shown in Fig. 7 and
Fig. 11 and respective output simulation graphs are given in Fig. 8 and Fig. 12.
When transient analysis is done by varying the input transition frequency of
2PASCL NAND and XOR, the power dissipation is reduced to 68.69% and
61.30% in comparison to conventional CMOS circuits as given in Fig. 9 and
Fig. 13.

Comparison of Power Dissipation at different Capacitive loads: The
parametric analysis is done by varying the output load capacitance from 10 fF
to 500fF. Comparison graphs shown in Fig. 10 and Fig. 14 demonstrate that
with 2PASCL NAND and XOR, the power dissipation is reduced to 61.21%
and 56.39% in comparison to conventional CMQOS circuits.

---------

---------

---------

phi_bar

Fig. 7. Schematic of 2PASCL NAND.
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Fig. 8. Transient analysis of 2PASCL NAND.
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Fig. 11. Schematic of 2PASCL XOR.
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Fig. 12. Transient analysis of 2PASCL XOR.
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Fig. 13. Comparison of power dissipation of 2PASCL and CMOS XOR with
respect to transition frequency.
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Fig. 14. Comparison of power dissipation of 2PASCL and CMOS XOR with
respect to load capacitance.

C. 4-Bit Ripple Carry Adder

To design a 4-Bit Ripple Carry Adder, the first step is to build a 1-bit 2PASCL full

adder circuit using 2PASCL XOR and NAND gates. Next level of abstraction was to

use the chain of four 1-bit full adder circuits to construct 4-bit RCA. The schematic
diagram of 4-bit 2PASCL RCA using 1-bit 2PASCL full adder cells is shown in Fig.

15. The output waveforms are given in Fig. 16.

1) Comparison of Power Dissipation at different frequencies: The transient
analysis is done by varying the input transition frequencies from 10 MHz to
100 MHz. Comparison graph shown in Fig. 17 demonstrates that with
2PASCL, the power dissipation is reduced to 68.69% in comparison to
conventional CMQOS circuits.

2) Comparison of Delay analysis at different frequencies: The delay between one
of the input lines and the output signal is calculated at different frequencies by
performing the parametric analysis. Comparison graph shown in Fig. 18
demonstrates that with 2PASCL RCA, the delay is degraded by 1.72 times in
comparison to its corresponding conventional CMOS circuit.

i . -

Fig. 15. Schematic of 2PASCL Ripple Carry Adder (RCA).



Power Savings and Delay Analysis of Adiabatic Adders 20121

MMMV U MU
0.0 o édd T Illﬂ(‘).f‘l‘ " ‘IISIIJ,(‘)‘ ‘ I.'!ICN".L(
time (ns)

Fig. 16. Transient analysis of 2PASCL Ripple Carry Adder (RCA).

T T T T T
——CMOS RCA
——2PASCL RCA |
% 400.0p 4
=
c
S
®
K=
&
£ 200.0p 4
&
=
o
D- //
0.0

T T T T T
0.0 20.0M 40.0M 60.0M 80.0M  100.0M
Transition Frequency (Hertz)

Fig. 17. Comparison of power dissipation for 2PASCL and CMOS Ripple Carry
Adder (RCA) with respect to transition frequency.
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D. 4-Bit Carry Look ahead Adder
To design a 4-bit Carry Look-ahead Adder, basic building blocks needed are Carry
Generator and Propagation Generator. Both these abstraction level gates require basic
2PASCL combinational gates. The problem with RCA circuits is that under the worst
case scenario the carry propagates from the input to the output. So, in order to reduce
the delay CLA is used. The circuit given in Fig. 19 defines two variables P and G,
given by:

R=A®B,

G =AB,
where P denotes a carry propagate signal and G denotes the carry generate signal.
The output sum and carry are governed by the following expressions:

S, =P®C,

C..=G +RC,.

Thus, the equation of carry for 4-bit CLA is given by:
C,=G,+RC

C,=G,+PG, +PPC,

C,=G;+RG, +RRPG, +RP,RC,

The logic diagram for carry generator is shown in Fig. 20. When P and G
signals settle into their steady values, all output carries are generated after a delay of

two levels of gates. Thus, the outputs S, through S, have equal propagation delay
times.

The construction of a 4-bit parallel adder with carry look-ahead scheme is shown in

Fig. 21 and the output waveforms are depicted in Fig. 22.

1) Comparison of Power Dissipation at different frequencies: The transient
analysis is done by varying the input transition frequencies from 10 MHz to
100 MHz. comparison graph shown in Fig. 23 demonstrates that with
2PASCL, the power dissipation is reduced to 63.68% in comparison to
conventional CMQOS circuits.

2) Comparison of Delay analysis at different frequencies: The delay between one
of the input lines and the output signal is calculated at different frequencies by
performing the parametric analysis. . Comparison graph shown in Fig.24
demonstrates that the delay is degraded by 1.808 times with 2PASCL RCA, in
comparison to conventional CMQOS circuits.

3) Advanced Simulations in terms of Power Dissipation.: We have performed the
corner analysis of 4-bit CLA circuit to check its performance at all the process
corners. The circuit has been processed at five different corners available in
gpdk 180 kit, as shown in Table. I. As evident from Fig. 25, power dissipation
is maximum when transistors are operating in FF corners.
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Fig. 20. Schematic of Carry Generator for Carry Look ahead Adder (CLA)
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Fig. 22. Transient analysis of 2PASCL Carry Look ahead Adder (CLA).
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Table I. PROCESS CORNERS IN GPDK180

NMOS | PMOS | Corner

Typical | Typical stat
fast Fast FF
Slow Slow SS
Slow Fast SF
Fast Slow FS
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Fig. 25. Corner Analysis demonstrating Power Dissipation of 4-Bit 2PASCL
Carry Look ahead Adder (CLA).

The summarized values of the different parameters for input transition
frequency of 10 MHz and the load capacitance of 0.01pF for an inverter and the basic
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combinational gates are given in Table Il. For RCA and CLA circuits, the power

dissipation and the delay are summarized in Table III.

Irfan Ahmad Pindoo et al

TABLE Il. POWER DISSIPATION RESULTS FOR BASIC GATES

Gates | Power dissipation v/s Frequency Power Dissipation v/s Load
(UW) Capacitance (pF)
CMOS 2PASCL CMOS 2PASCL
Inverter 0.534 0.140 2.5 0.5
NAND 0.816 0.563 4.13 1.16
XOR 3.6 1.392 8.16 3.64

TABLE Ill. POWER DISSIPATION AND DELAY ANALYSIS FOR ADDER CIRCUITS

Adder circuit | Power dissipation (UW) Delay (ns)
CMOS 2PASCL | CMOS | 2PASCL
4 bit RCA 253 68.8 6.131 | 14.242
4 bit CLA 374 125 6.5294 | 13.68

V. CONCLUSION

In this paper we have compared various adiabatic logic gates and adder circuits with
the conventional CMQOS circuits. The power dissipation of the adiabatic circuits are
much lesser than the CMOS circuits, even when the input transition frequency is
varied from 10 MHz to 100 MHz . Results further affirm that with increasing the load
capacitance from 10fF to 500fF, power dissipated by 2PASCL circuits still remain
low. From the simulation results, it was verified that 4-bit 2PASCL RCA and 4-bit
2PASCL CLA techniques dissipate a minimum of 31.35% and 38.62% of the energy
dissipated by a static CMOS RCA and CLA circuits . Hence they are deemed as fit for
low power VLSI circuitry. However, the circuit delay puts some valid constraints on
the topology that can be further improved.
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