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Abstract 

 
With the increased interest in low power digital devices operating at low frequencies, the demand for high performance 
adiabatic logic circuits is on the rise. A frequency divider is extensively used for frequency synthesis in transceivers, and 
Phase Locked Loops (PLL) circuits. This paper proposes a novel diode free adiabatic logic (DFAL) based frequency divider 
for low power applications. The proposed circuit eliminates the use of diodes in charging and discharging paths to lower the 
power consumption and amplitude degradation. The functionality of the proposed circuit is verified and compared with the 
two-phase clocked adiabatic static CMOS logic (2PASCL) based and conventional CMOS frequency divider. Our previously 
proposed ultra low-power sub-threshold adiabatic logic has been a problem that noise margin is reduced, so that it is 
impossible to implement a cascade connection. In this paper, we propose a novel sub-threshold adiabatic logic. To evaluate 
our proposed circuit, a half adder, full adder, dynamic flip flop and 4×4 array multiplier are designed, and then the operation 
function and power dissipation are confirmed. 
 
Keywords: Digital circuit, Adiabatic, DFAL, frequency divider, low power. 
 
1.  Introduction 
 
With the advances in VLSI technology, there is a great demand of portable devices that perform high speed 
computing and support multimedia applications. However, the increased functionality and high speed operation 
result in high power dissipation which eventually creates a need for low power design solutions. Different 
solutions both at the architectural and structural levels have been suggested. One possible approach is to adopt 
adiabatic logic style over conventional CMOS logic style for circuit design. Adiabatic logic style is more energy 
efficient than the conventional CMOS logic style [1]. A number of families based on adiabatic logic style have 
been proposed in literature [2-8]. 
 
The common adiabatic logic families that are frequently used are 2PADCL [2], ECRL [3], ADL [4], QSERL [5] 
and GFCAL [6]. The mentioned logic families however suffer from the drawbacks of amplitude degradation, 
large time delays and circuit complexity. In this paper a DFAL based frequency divider is proposed.  
 
The paper first briefly describes the operation of sub-threshold region and adiabatic switching after sub-
threshold adiabatic logic circuit in section II. And the operation of the DFAL style in section III. Thereafter, the 
circuit of the frequency divider based on the DFAL style is proposed in section IV. The simulation results for 
proposed DFAL are functionally verified and its performance is compared with the sub-threshold adiabatic logic 
and 2PASCL style in section V. 
 
2. OPERATION OF SUB-THRESHOLD REGION 
 
Figure 1 show our measurement result of NMOS transistor Id–Vgs characteristics for 0.18 μm standard CMOS 
process. For obtaining this curve, we measured the transistor which has W/L ratio: 1.0 μm/1.0 μm. A closer 
inspection of the Id–Vgs curve of Fig. 1(a) reveals that the current is not equal to 0 at Vgs = Vt (where, Vt is 
threshold voltage of MOS transistor). Because, the MOS transistor already conducting for voltages below the 
threshold voltage. This effect is called “sub-threshold” or “weak-inversion” conduction. The onset of strong 
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inversion means that ample carriers are available for conduction, but by no means implies that no current at all 
can flow for gate-source voltages below Vt. The transition from the on- to the off-conduction is thus not abrupt, 
but gradual. To confirm this effect in somewhat more detail, we again show the Id–Vgs curve on a logarithmic 
scale as shown in Fig. 1(b). This confirms that the current does not drop to zero immediately for Vgs < Vt, but 
actually decays in an exponential fashon, similar to the operation of a bipolar transistor. The current in this 
region can be approximated by the expression. 

 
Fig. 1: Id–Vgs characteristics of NMOS transistor 

 
Fig. 2: Conventional CMOS inverter 

 
Fig. 3: CMOS and adiabatic logic of RC equivalent circuit 

 
Here we propose an adiabatic logic circuit operating in sub-threshold region. Figure 4 shows a 2-chain inverter 
circuit diagram. The circuit configuration is the same as the standard CMOS inverter. The proposed system uses 
a two phase clocking power supply which has different frequency and amplitude. Figure 5 shows a proposed 
circuit timing chart. It is necessary to switch on-off of the input signal when VPC and VPC are equal. 
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Fig. 4: Proposed cascade inverter circuit 

 
3. DIODE FREE ADIABATIC LOGIC STYLE (DFAL) 
 
The common adiabatic logic families suffer from amplitude degradation, large time delays and circuit 
complexity. These drawbacks can be eliminated by using DFAL style. The DFAL style removes the diode from 
the charging and discharging path to overcome the above disadvantages. 
 
The basic structure of a DFAL inverter is shown in Fig. 5a. The transistors M1, M2 implement the inverter. The 
transistor M3 is added in series with the transistor M2 for discharging and recycling of the output node charge. 
Its usage reduces the power dissipation significantly because it acts as a low value resistance, as compared to 
other adiabatic logic families which use diodes in the discharging path [2, 7].  
 
The DFAL inverter employs spilt level sinusoidal power clock, as given in Fig.5b. This clock, in comparison to 
ramp or sinusoidal waveform, abates power dissipation, delay and degradation in output amplitude swing [5]. In 
spilt level sinusoidal power clock, two clocks named VSC and VSCBAR are used respectively. They are 
composed of DC and sinusoidal components as given below: 

 
where VDD is the DC power supply,  is the phase difference which is usually taken as 180°. It can be 
observed that the voltage levels of VSC and VSCBAR differ by VDD/2 which helps in improving the 
performance of the logic family [8]. 

 
Fig. 5(a): - DFAL inverter circuit 
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Fig.5 (b): Split level sinusoidal power clock 

 
The operation of the DFAL inverter can be divided into two phases namely evaluation phase and hold phase, 
depending upon the supply clock phases. In the evaluation phase, the SC makes a positive transition while 

SCBAR makes a negative transition. Conversely, in the hold phase, the clocks SC and VSCBAR makes 
negative and positive transitions respectively. 
 
In the evaluation phase, for a LOW value of the input A the transistor M1 is turned ON. If the output node Q is 
at the LOW value then the load capacitance  is charged via M2 resulting in the HIGH output state. 
Conversely, if the input A is HIGH the transistor M2 is turned ON and if at the same time output node Q is 
HIGH, then the discharging and recycling of output node charges to the power clock ( SCBAR) takes place 
,via M2 and M3, causing the output to be LOW. 
 
In the hold phase no transition at the voltage level at the output node occurs. Therefore, the output node remains 
in the LOW state even if the nMOS network is ON. Similarly, the output continues to be in the HIGH state 
when the pMOS network is ON. Therefore, in the hold phase, as the switching activity at the output node is 
reduced, the power dissipation is significantly lowered. 
 
4. FREQUENCY DIVIDER 
A frequency divider, also referred to as a clock divider, produces an output signal whose frequency is a fraction 
of the input frequency. It is commonly implemented as a cascade of divide-by-two stages. A general block 
diagram of the frequency divider obtained by cascading T-flip flops is shown in Fig. 6. The circuit switches 
after every two pulses of the applied input signal, hence, dividing input’s frequency by two. 
 
In real cases, a T- flip flop is implemented by using two cross coupled feedback D-latches driven by opposite 
clock signals as illustrated in Fig. 7. 

 
Fig. 6: General block diagram of frequency divider using T flip-flops. 

 

 
Fig. 7: Divide-by-2 frequency divider using master-slave D-latch 
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The MOS level implementation of the proposed DFAL based frequency divider is shown in Fig. 7. As 
illustrated in Fig. 6, the proposed divider consists of two DFAL based D-latch in master-slave configuration. 
The inputs IN and INBAR are applied at the clock inputs of the master and slave D-latch respectively. 
Considering that the initial output of the divider Q is HIGH. In the first evaluation phase, when IN is at HIGH 
level the master D-latch is enabled and it makes intermediate output Q1 LOW. However, the slave D-latch 
remains isolated during this period. After this in the second evaluation phase when the IN goes LOW, the slave 
D-latch gets enabled and transfers the intermediate node value Q1 to the output. Thus, at the end of the second 
evaluation phase, the output Q produces a LOW value. In the similar manner, when the output Q is LOW and IN 
is HIGH the master makes the intermediate output Q1 HIGH during the evaluation phase. Correspondingly, Q 
becomes HIGH at the hold phase. 
 
5. Simulation Results 
 
To evaluate circuit functionality and performance, we design a 4×4 array multiplier. This typical array 
multiplier uses sixteen ANDs, six full adders, four half adders and eight D flip-flop as shown in Figs. 8–10. 
Figure 11 indicates the block diagram of 4×4 array multiplier. In this figure a0 to a3 and b0 to b3 are the inputs 
and p0 to p7 are the outputs. Figure 12 demonstrates the input and output waveforms of 1 kHz transition 
frequency. Figure 12 shows power dissipation of proposed multiplier. From this figure we show that the power 
of proposed multiplier reaches about 70% less dissipation than conventional CMOS multiplier. 

 
Fig. 8: Half adder 

 
Fig. 9: Full adder 

 
Fig. 10: D flip-flop 

 
Fig. 11: 4×4 array multiplier 
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Fig. 12: The waveform of 4×4 array multiplier 

  
 
 
6. Conclusion 
 
In this paper we have proposed a sub-threshold adiabatic logic circuit. The proposed circuit have uses two 
different frequency and amplitude power supply. Based on the proposed circuit, we have designed half adder, 
full adder, dynamic flip-flop and 4×4 array multiplier.In this we analyses, a novel diode free adiabatic logic 
(DFAL) frequency divider for low power applications is proposed. The proposed circuit avoids the diodes in 
charging and discharging paths in comparison to the existing ones. The functionality of the proposed circuit is 
verified and compared with the existing two-phase clocked adiabatic static CMOS logic (2PASCL) based and 
conventional CMOS frequency divider. 

 
Fig. 13: Power dissipation of proposed 4×4 array multiplier compared with Sub-threshold adiabatic logic 
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