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A New Type of Power Clock for DSCRL Adiabatic Circuit
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Abstract: An asymmetry power clock, 4 phase power clock supplying the power to the DSCRL( dual swing charge recovery logic)
adiabatic circuit is presented. It is much simpler than the 6 phase power clock, symmetry power clock, used in the DSCRL adiabatic
circuit. Although the 4 phase power clock is simpler, the DSCRL adiabatic circuit still shows good performance and high efficiency

of energy transfer and recovery. This conclusion has been proved by the result of the HSPICE simulation using the 0. 6bm CMOS

technology.
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1 Introduction

Reducing the power dissipation of the digital circuit
systems becomes more and more important as the circuit’ s
scale becomes larger and larger, especially in the portable
and battery operated systems. Adiabatic ecircuits have
shown a great potential for practical application in the
power saving field in the future!"'. Both the adiabatic loss
and the norr adiabatic loss of the circuit can be greatly re-
duced in the adiabatic circuits. Generally, the power clock
of the adiabatic circuit is complex, which is one of the key
problems in application, particularly in the fulkadiabatic
circuit!? . The DSCRL adiabatic circuit is one of the best
semr adiabatic circuit which has much higher efficient en-
ergy transfer and recovery than the other semr adiabatic
circuits, such as 2N-2N2D .ADL .2N-2N2P and ECRL

etd 7, However, the DSCRL adiabatic circuit needs six-
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phase power clock to supply power, which is very complex
in the semi adiabatic circuits though it is much simpler in
comparing to some power clocks of the fulk adiabatic eir
cuits.

A new power clock system, the 4 phase power clock,
is proposed in the article for the DSCRL adiabatic circuit.
It is an asymmetry power clock system which reduces the
power clock system’ s complexity while the DSCRL still
works for the stage of high efficient energy transfer and re-

covery.

2 Operation of the DSCRL

The working mechanism of the DSCRL supplying by
the 4 phase power clock is introduced here. The basic
DSCRL inverter circuit is given in Fig. 1. There are two
main parts in the circuit, the logic operation and the load

driven function. The logic operation circuit consists of two
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Fig. 1 (a) Schematic of the DSCRL inverter;
(b) Symbol of the DSCRL inverter

PMOS transistors ( P1, P2) and two NMOS transistors
(N1, N2). The load driven circuits consist of the two
NMOS transistors (N3, N4) , which isolate the nodes B A
from the load capacitance CL and CLb, separately. The
power dissipation of the DSCRL is almost independent on
load capacitance. The NMOS transistors (N5, N6) can en-
sure that circuit work well even if the load capacitance is
very small. The NMOS transistors (N7, N8) ensure that
the NMOS transistors (N3, N4) turn off when the voltage
> zero’ , separately. A DSCRL

inverter is driven by two different power clocks ( PCH,

of the nodes B and A are

PCL). Vpy, the amplitude of the PCH, must be greater
than ( Vp+ Vi) at least, where Vi is amplitude of the
PCL and V), is the threshold voltage of the NMOS transis-
tor. Supposing the inverter is driven by the ( PCHI,
PCL1), shown in

Fig. 2(a) , we can divide one period of the power clocks
into eight equal parts, ¢ 2 \t3 ---tg. Supposing IN= <
and INb= ¢ 1", given in Fig. 3( a), then the N1 turns off
and the N2 turns on. During the period [ ¢, tg], the volt-

age of the node A is the same as the ground while the
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Fig.2 (a) Fourphase power clock; (b) DSCRL inverter

chain

voltage of the node B changes with the PCHI till to | V,
|, where Vy, is the threshold voltage of the PMOS transis-
tor. During the period [ t4, t6], the N3 turns on and the
N5 turns off so the voltage of the load capacitance, CL,
follows the PCL1 completely, which is a full- adiabatic pro-
cess. Moreover, there is no threshold loss in the NMOS
transistor N3 because the Vpu is bigger than ( Vpr +

Vin) . At the same time, the voltage of the load capact
tance, CLb, is zero because the N4 turns off and N6 turns
on. During the 7th period, ¢7, the power clock PCKH1 be
gins to decrease till zero while the node B begins to dis-
charge and its voltage begins to decrease till to | Vy,l.
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Fig.3 (a) Waveforms of the input; (b) Waveforms of the clocks; ( ¢) Waveforms of the nodes
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tion is transferred to the next inverter (or next DSCRL
circuit cell) during the 5th period, ¢5. The waveforms of
the B and CL are shown in Fig. 3. The new 4 phase power
clock( PCH1 .PCL1 .PCH2 .PCL2) can supply power to
the DSCRL adiabatic circuit system as well as the 6 phase
power clock. The operation of the DSCRL adiabatic circuit
driven by the 4-phase power clocks is the same as that
driven by the 6 phase power clocks. The waveforms of the
6 phase power clocks are given in Fig. 4( a). An inverter
chain of the DSCRL

is illustrated in Fig. 4(b) .

Fig. 4 (a) Sixphase power clock; (b) DSCRL inverter

chain

3 Energy dissipation analysis and sinr
ulation

The energy dissipation occurs while the nodes of the
DSCRL adiabatic circuit are charging or discharging,
which is regarded as the main part in the total energy dis-
sipation. The static energy dissipation caused by the leak-
age current is little and can be ignored. The total energy
dissipation per cycle can be represented by the equation
(1) as follows:

R.R. R
T L)CL ViL+ 2(

2
+ | th| CINT

pC it

T ) Cinr Vu

Ep= 2

(1)
where C|, is the load capacitance, R, is the turmron resis-
tance of the NMOS transistor N3(N4) , 7' is the transition
time of the power clock PCL(PCH), and Vpy. is the anr
plitude of the PCL. Cyr is the capacitance of node A
(B), R, is the turrron resistance of the PMOS transistor
P1(P2), Vpy is the amplitude of the power clock PCH,
and Vy, is the threshold voltage of the PMOS ( Pl or P2
). In Eq. (1), the first term represents the full adiabatic
energy consumption of the NMOS transistors ( N3, N4)

which are represented by Epgy in Table 1. The

Table 1 Energy consumption of the dscrl inverter simulated in the different power clocks
\"“'\.\]lﬂn:-i [= 4. 1625MHz S= 41. 625MHz /= 31.21875MHz
Cap. ~ 4 DSCRL & DSCRL 4 DSCRL & DSCRL 4 DSCRL
Cuf pF Epi Epa. Epen Epe, Epen Epa Evan Epai. Event E v
Hopleoyeles Ny | Ppleevdde™ U | f(ploeyele Uy | fipleeyelem 1 | fipleevele 1) | {plocyele™ 1) | pleooyele™ V) | S(pleevele 1) | f{plecyele= 1) | {pleeyelem 1)
0.01 0. 03093 0. 00169 0. 02718 0.00118 0. 1185 0.01412 0. 09724 0. 01024 0. 09724 0. 01062
0.05 0. 03089 0. 00312 0. 02719 0. 00223 0. 1186 0.02735 0. 09728 0. 02026 0. 09728 0. 02065
0.1 0. 03087 0. 00642 0. 02714 0. 0047 0. 1186 0. 05868 0. 09725 0. 04398 0. 09725 0. 0444
0.15 0. 03086 0. 01144 0. 02714 0. 00847 0. 1185 0. 1059 0. 09723 0. 07982 0. 09723 0. 08027
0.2 0. 03086 0. 01817 0. 02713 0.01353 0. 1185 0. 1686 0.0972 0. 1275 0. 0972 0. 128
0.25 0. 03085 0. 02661 0. 02713 0.01988 0. 1184 0. 2464 0. 09717 0. 1867 0. 09717 0. 1872
0.3 0. 03085 0. 03674 0. 02713 0. 02751 0. 1183 0. 3389 0. 09708 0.2573 0. 09708 0. 2579
0.35 0. 03084 0. 04857 0. 02713 0. 03643 0. 1183 0. 446 0. 09704 0. 3391 0. 09704 0. 3397
0.4 0. 03084 0. 06207 0. 02712 0. 04661 0. 1182 0. 5672 0. 09699 0.4319 0. 09699 0. 4326
0.45 0. 03085 0.07724 0. 02712 0. 05806 0. 1181 0. 7022 0. 09694 0. 5355 0. 09694 0. 5362
0.5 0. 03084 0. 09408 0. 02712 0. 07077 0. 1179 0. 8508 0. 09687 0. 6498 0. 09688 0. 6306
0. 55 0. 03083 0.1126 0.02712 0. 08473 0.1178 1.013 0. 09681 0. 7746 0. 09681 0. 7754
0.6 0. 03082 0. 1327 0.02712 0. 09995 0. 1177 1. 187 0. 09674 0. 9097 0. 09674 0.9105
0. 65 0. 03082 0. 1545 0. 02711 0. 1164 0. 1175 1. 375 0. 09666 1. 055 0. 09666 1. 056
0.7 0. 0308 0. 1779 0. 02712 0. 1341 0. 1174 1.574 0. 09657 1.21 0. 09657 1.211
0.75 0. 0308 0. 2029 0. 02711 0. 1531 0.1172 1. 785 0. 09648 1. 375 0. 09648 1.376
0.8 0. 03079 0. 2296 0. 0271 0. 1733 0.117 2. 007 0. 09638 1. 549 0. 09638 1. 551
0. 85 0. 03078 0. 2579 0. 0271 0. 1947 0. 1168 2.241 0. 09627 1.733 0. 09628 1.735
0.9 0. 03077 0. 2878 0. 02709 0.2173 0. 1165 2.484 0. 09616 1.926 0. 09616 1.928
0.95 0. 03076 0.3192 0. 02709 0.2412 0. 1163 2.738 0. 09604 2.128 0. 09604 2.13




760 S

23 4

second term also represents an adiabatic energy consump-
tion of the PMOS transistors ( P1, P2) . However, the third
term represente a nom- adiabatic energy consumption of the
PMOS transistors ( P1, P2) and the NMOS transistors
(N1,N2).The total energy dissipation in the PMOS tran-
sistors ( P1, P2) and the NMOS transistors (N1, N2) is
represented by Epc in Table 1.

If the transition time 7' is much greater than the val-
ue of (RC), the energy dissipation of the DSCRL circuit is
almost a constant, | Vﬁ,l Cinr. The energy dissipation of
the DSCRL inverter driven by the 4 phase power clock is
almost the same as that driven by the 6 phase power
clock. The curves of the total energy dissipation versus
load capacitance are labeled E; and E> in Fig. 5. The
power dissipation ( Epcy, Epc) of the DSCRL inverter
driven by the 4 phase power clock and the 6 phase power

clock are also given in Table 1. The frequency of the both

30 [ —=— E,(4-DSCRL, f=4.1625MHz)
" —— E3(6-DSCRL, f=4.1625MHz)
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Fig. 5 Power consumption versus load capacitance

power clocks is 4. 1625MHz and the transition time T of
the 4 phase power clock and 6 phase power clock are
30ns and 40ns, respectively. However, if the load capacr-
tance Cp, is much greater than internal capacitance Cr
and the value of the (RC) is greater than transition time
T, the nomr adiabatic energy dissipation corresponding to
the third term in Eq. (1) can be ignored. In Fig. 2( a),
one period of the 4 phase power clock is divided into eight
equal parts, T'= t1= t3= ...= tg, while that is divided
into six equal parts, T'= t1= t2= ...= lg in the & phase
power clock, given in Fig. 4( a) . From Eq. ( 1), we know
that the energy consume in the DSCRL is almost the same
if the transition time T in the 4 phase power clock is e

qual to that in the & phase power clock, but the frequency

of the 4 phase power clock is 75% of the & phase power
clock. The corresponding curves, labeled E3 and Es, over-
lap in Fig. 5. Table 1 also gives the corresponding energy
consumption ( Epcu, Epcr) . The frequency of the 4 phase
power clock is 31. 21875MHz and the frequency of the &
phase power clock is 41. 625MHz. The transition times T
of the both power clock are equal, T'= 4ns. If the frequen-
cy of the 4 phase power clock is equal to that of the &
phase power clock, then the transition time 7' of the 4
phase power clock is 75% of that of the 6 phase power
clock. It means that power dissipation of the DSCRL in the
G phase power clock is 75% of that in the 4 phase power
clock. The corresponding curves labeled E3 and E 4 are il-
lustrated in Fig. 5. The frequency of the both power clocks
is 41. 625MHz, but the transition time 7' of the 4 phase
power clock is 3ns and the transition time T of the &
phase power clock is 4ns. The values of corresponding en-
ergy consumption ( Epcy, Epc) are also given in Table

1.

4 Conclusions

We have proposed a new power clock system, the 4
phase power clock, for the DSCRL adiabatic circuit. The
4 phase power clock greatly reduces the power clock sys
tem’ s complexity and makes the DSCRL adiabatic circuit
easier to be applied. The DSCRL circuit can still keep
high efficient energy transfer and recovery driven by the
four phase power clock. The energy dissipation of the
DSCRL adiabatic circuit in the four- phase power clock is
almost the same as that in the six-phase power clock,
which is simulated by the HSPICE with the 0. 64m CMOS
technology. Moreover, reducing the number of the power
clock can also reduce the energy dissipation in the power
clocks circuit system. In fact, the total power dissipation of
the DSCRL circuit and the power clock circuit is very low
in the four phase power clock.
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