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ABSTRACT 
Practical issues in the design of power clock generators needed by 
adiabatic logic circuits are explained. Synchronous and 
asynchronous power clock generators are designed for an 8-bit 
adiabatic carry look-ahead adder and the more energy efficient 
circuit for the power clock generation is determined to be the 2N 
synchronous power clock generator that exhibits conversion 
efficiency of 77% at 1 operating frequency. 

1. INTRODUCTION 
The supply voltage in adiabatic circuits in addition to providing the 
power to the circuit behaves as the clock of the circuit and for this 
reason is called power clock. One of the main concems in the 
adiabatic logic circuits is the power clock generation. In these 
circuits the supply voltage is desired to be a ramping voltage. 
although. it can be approximated by a sinusoidal voltage that can 
easily be generated using resonant circuits. Sonie adiabatic logic 
families need multiphase power clocks for their cascade [l-61. The 
design of an efficient power clock generator is a challenging 
problem in this field. Although some possible power clock 
generators have been proposed [4.6-lo]. most attention in the earlier 
works has been given to logic operation and performance [l-2.11- 
121 while power clock generators consume a large Gaction of the 
total energy consumption in adiabatic circuits and cause the energy 
savings to be greatly degraded. To the best of our knowledge no 
report on the efficiency comparison of different configurations of 
power clock generators has been published in tlie literature. Here. 
we present a quantitative efficiency comparisons of different 
configurations of power clock generators for adiabatic circuits. In 
this paper. we design and compare some synchronous and 
asynchronous power clock generators for an adiabatic adder and 
determine the more efficient power clock generator. Tlie paper is 
organized as follows: In Section 2 the adiabatic adder design is 
described. The design and comparison of synchronous and 
asynchronous power clock generator schemes are presented in 
Section 3 and. finally. Section 4 contains the sununary and 
conclusions of the paper. 

2. ADIABATIC ADDER DESIGN 
The schematic diagram of the 8-bit Carry Look-ahead Adder (CLA) 
used for our adiabatic design is shown in Fig. 1. We have designed 
this adder based on Pass-transistor Adiabatic Logic (PAL) [1.13]. 
which is a dual-rail adiabatic logic with a relatively low gate 
complexity that operates with a two-phase power clock. We have 
generated the layout of this design in a 0.6pm CMOS technology 
and extracted its netlist for simulation and power clock generator 
design. Each primary output was connected to a 50fF load. 

3. POWER CLOCK GENERATION 
In conventional dynamic digital circuits. power and clock lines are 
separate. The power is supplied through a DC supply voltage and 
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Figure 1. Schematic diagram of the 8-bit CLA 

the clock is generated by a separate circuit and is usually a square 
waveform. In adiabatic circuits power and clock lines are mixed 
into a single power clock line. which has both the functions of 
powering and timing the circuit. Adiabatic logic circuits. therefore 
inherently operate in a pipelined and dynanlic fashion. A DC to AC 
converter named power clock generator is needed for the generation 
of the power clock signal. Power clock generators usually consume 
the main fraction of the total energy consumed by the adiabatic 
system and degrades the energy savings obtained due to the energy 
recovery property of the adiabatic logic. The design of power clock 
generator, therefore. is an important part of the wliole adiabatic 
system design. Inefficient power clock generations have become an 
obstacle to the adiabatic module integration into a VLSl system 
and. hence. power clock generators with lugli conversion efficiency 
are strongly desired. In order to evaluate the performance of a 
power clock generator. the conversion efficiency is defined as the 
ratio of the dissipated energy in tlie adiabatic core and the total 
delivered energy from the DC supply. Previous record showed a 
conversion efficiency of 41% in a relatively complex desiy [3]. 
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Two methods have been developed for power clock generation: 
stepwise charging [14] and resonant charging [7] where the latter is 
simpler, more efficient. and commonly used and thus we use this 
approach. The LC resonant circuit, which performs like a colpitts- 
type oscillator, is suitable for a power clock generator. Since the on- 
chip inductors do not lead to a high Q inductor. on-chip inductors 
may not be used for power clock generation. An extemal high Q 
inductor is therefore used for energy recovery. The C component is 
the distributed capacitance of the power clock line and its connected 
logic circuits all over the chip. The LC product determines the 
oscillation frequency of the power clock generator. In order to have 
a stable Erequency of oscillation, the equivalent on chip capacitance 
should be constant and dataindependent which is achieved in the 
adiabatic logic circuits due to their differential nature. The first step 
in designing the power clock generator for an adiabatic circuit is 
circuit modeling to determine the equivalent capacitance. This 
concept is described in the following section and illustrated by the 
example of our adiabatic CLA. 

3.1 Adiabatic Logic Model 
Adiabatic logic presents a capacitive load to the power clock 
generator. For each phase. an approximate lumped-element model 
of the logic includes an equivalent capacitor C to model energy 
storage. in series with a resistor R to model the losses. By using the 
differential logic. as in the case of PAL, the equivalent capacitance 
becomes approximately independent of the logic states or the logic 
activity. This simplifies the design of power clock generators based 
on resonant power conversion technique. The values of the model 
parameters. R and C, can be extracted from the simulation tests 
where an extemal ideal sinusoidal voltage source is applied as the 
power clock. For a given clock frequency, fc. and a logic activity. 
the power loss. PL. in the logic. and the rms current IL supplied to 
the logic by the power clock can be found from the test. For the 
purpose of power clock design. the test should be performed for the 
logic activity that corresponds to the worst-case losses. Given PL 
and I,, the model parameters can be found as [9]: 

where VDD is the peak value of the applied power clock. We have 
performed this test for our adiabatic CLA and extracted the 

equivalent R and C for each power clock phase in the frequency 
range of 10 M H z  to 1OOMHz.  The results have been summarized in 
Table 1 where the tests were performed for the maximum logic 
activity of the circuit. As expected the equivalent capacitance is 
relatively independent of the clock frequency (= 5pF). while the 
resistive component decreases with increasing the clock frequency. 

3.2 Integrated Resonant Power Clock Generators 
Various circuit topologies for resonant energy recovery have been 
proposed for different adiabatic logic styles and for different 
applications [4.6-lo]. They can be classified into two main groups: 
asynchronous and synchronous power clock generators. 
Asynchronous power clock generators are free running circuits that 
use feedback loops to self-oscillate without any external timing 
signals. Fig. 2 illustrates two commonly used asynchronous power 
clock generators: 2N and 2N2P power clock generators [4.7]. They 
are simple dual-rail LC oscillators whose active elements are cross- 
coupled pairs of NMOS and PMOS transistors. Many problems are 
associated with asynchronous structures. Their oscillation 
frequencies are sensitive to their capacitive load variations in 
different cycles of the system operation resulting in unstable 
frequency problems. In addition. they can not be used for the 
generation of 4. 8 and more phase shifted power clocks needed in 
some adiabatic circuits [3-61. Finally. in large systems. inputs and 
outputs of each module must be in synchronization with other 
modules prohibiting the integration of the adiabatic module driven 
by asynchronous power clock generators into a larger non-adiabatic 
system. Using phase-locked loops or synchronizers such as self- 
tinled first-in-first-out (FIFO) memories. would not be energy and 
area efficient solutions to this problem. In these cases. the 
synchronous power clock generators can be utilized as an efficient 
solution without having any of the above problems. Synchronous 
power clock generators are synchronized to extemal timebase 
signals usually available in large systems. Fig. 3 illustrates two 
synchronous power clock generators similar to the asynchronous 
counterparts except that the gate control signals are derived 
externally. The capacitors CEf and CE2 in Fig. 2 and 3. are extemal 
balancing capacitors to achieve more conversion efficiency. The 
adiabatic module can be easily synchronized to a larger 
conventional non-adiabatic system by using synchronous power 
clock generators. Level to pulse and pulse to level converters which 
are simple latch structures, can be used for interfacing between 
adiabatic and conventional circuits [15]. We will also show that the 
synchronous power clock generators are more energy efficient than 
the asynchronous ones. 

Table 1. Results of modeling the adiabatic CLA for vDD=3.3v 
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Figure 2. Asynchronous two phase power clock generators: (a) 2N (b) 2N2P 

Power Clock Generator Asynchronous 
2N 2N2P 

Power Dissipation of ACLA Core 62pw 61pw 
Power Dissipation of DC-to-AC Converter 66pw 77pw 
Total Delivered Power 128pw 138pw 
Conversion Efficiency 48% 44 O h  

CK 1 

Synchronous 

26pw 
83pw 
69% 

2N 
58pw 
17pw 
75pw 
77% 
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Figure 3. Synchronous two phase power clock generators: (a) 2N (b) 2N2P 

IV-644 

Authorized licensed use limited to: San Francisco State Univ. Downloaded on December 10, 2008 at 19:38 from IEEE Xplore.  Restrictions apply.



3.3 Power Clock Design 
We design all four power clock generators for the adiabatic CLA, at 
lOMHz operating frequency and 3.3V supply voltage, and compare 
the power dissipation and conversion efficiency. We first model the 
adiabatic circuit for which the power clock generator should be 
designed. The adiabatic logic modeling was described in section 3.1 
and the results were summarized in Table 1 for the adiabatic adder. 
Using these results. we design each of the power clock generators 
by placing simple resistors and capacitors equal to the extracted 
values instead of the adiabatic adder. Then this simple circuit can be 
quickly designed and simulated to fmd the optimum design. The 
value of L is determined by the required frequency and the extracted 
capacitance. The oscillating frequency for the 2N power clock 
generators is determined by [16]: 

(3) 
1 

= 2 n z  

and for the 2N2P power clock generators is determined by: 

where C is the equivalent capacitance of each phase. The slight 
differences in the equivalent capacitance of the phases are due to 
the large capacitors of 50% placed on each output bit line derived 
by the P C  resulting in greater equivalent capacitance on this phase. 
The slight difference should be compensated by the balancing 
capacitors C,, and CE2 to achieve higher conversion efficiency. In 
our simulation. we place small resistors in series with the inductors 
to model the limited Q of the inductors. which was assumed to be 
100. After simulating and optimizing the power clock generator 
with the simple RC model. the designed power clock generator is 
connected to the adiabatic CLA and simulated again. In this stage. 
slight modifications may be needed to optimize the design for the 
highest achievable conversion efficiency. The results, summarized 
in Table 2. indicate that with synchronous power clock generators 
larger conversion efficiencies can be achieved. Between the two 
synchronous schemes. the 2N power clock generator is simpler. 
more energy efficient. and resulting in the higher conversion 
efficiency of 77%. 

4. SUMMARY AND CONCLUSION 
Many problems are associated with asynchronous power clock 
generators such as unstable frequency problems due to the 
sensitivity of their oscillation frequencies to their capacitive load 
variations in different cycles of the system operation. and their 
disability for the generation of 4. 8 and more phase shifted power 
clocks needed in some adiabatic logic circuits. The synchronous 
power clock generators can be utilized as an efficient solution 
without having any of the above problems. Synchronous power 
clock generators are synchronized to extemal timebase signals 
usually available in large systems. Moreover, we also showed that 
the synchronous power clock generators are more energy efficient 
than the asynchronous ones. Different asynchronous and 
synchronous power clock generators were designed for an adiabatic 
carry look-ahead adder and the results concluded that the 
synchronous 2N power clock generator was the more efficient 

power clock generator that showed the conversion efficiency of 
77% at loh@h operating frequency. 
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