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Abstract: Power dissipation in VLSI circuits has become increasingly important for modern portable devices. Adiabatic is a novel 

energy conserving logic for ultra-low power circuits. Adiabatic logic is energy efficient and less logic overhead. Fully adiabatic and 

partial energy recovery adiabatic circuits are two major logics which work for wide range of frequency. Sub-threshold adiabatic 

logic is a novel approach for low energy consumption and low speed digital circuits which work for low frequency. A Johnson's 

ring counter circuit is designed using static CMOS and SAL using CADENCE 45nm technology. Hence in this proposed system 

the Johnson’s ring counter is tested and the power dissipation is obtained. 
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I INTRODUCTION: 

In present-days swing power reduction has become a leading interest than performance. CMOS technology plays a crucial role in 

power consumption than any other MOS technologies. CMOS has a great switching speed and performance. This quality has made 

it to reach the low power utilization technique. Adiabatic is a changed form of conventional CMOS technique. These logic circuits 

require very less power when compared with conventional CMOS circuits. The Adiabatic circuits reuse the stored energy in the 

capacitor. The new diversion in adiabatic technique is to operate the circuits in sub-threshold region which is known as sub-threshold 

adiabatic logic. This diversion has taken to a cause where the leakage currents are negligible in sub-threshold region. The Johnson’s 

ring counter is designed using the proposed logic SAL. The main aim of the project is to achieve low power using SAL technique. 

Cadence (virtuoso) is used to test the results of this proposed system. 

II. LITERATURE SURVEY: 

Maitham Shams, et al [1] has given a brief discussion on the types of adiabatic logic which are differentiated on diode and transistor 

based adiabatic circuits. John. S. Denker, et al [2] he gave a brief discussion on transistor based adiabatic logic. He also discussed 

the use of adiabatic logic in the low energy consumption in the daily life, importance of power dissipation and absorbtion in circuits. 

Dai Hongyu, et al [3] he proposed a new technique called high efficient energy charge recovery logic for adiabatic computing. He 

derived the charge present in each node and also the voltage from the rise time of the gate voltage with the clock. Yibin Ye, et al 

[4] he introduced the switching principle of the adiabatic logic design. He showed the results on 90% of energy recovery by 

operating in 1MHz and 60% of energy recovery operating at 111MHz. Rakesh Kumar Yadav, et al [5] two of the adiabatic logic 

techniques have been discussed by him. ECRL and PFAL are been discussed by taking a small design as an example. A 2:1 Mux 

has been designed using adiabatic logics. Y.Pavan Kumar, et al [6] All the adiabatic logic styles are tested by taking a 4-bit 

synchronous counter. The energy dissipation is tested for various designs and obtained. Marius C. Papaefthymion, et al [7] TSEL 

and SCAL logics are been discussed in this paper. TSEL is the first energy recovery family introduced in the adiabatic logic design. 

It provides improved supply voltage, energy efficiency and scalability. Alak Majunder, et al [8] a Glitch Free Adiabatic Logic 

circuit has been introduced. This glitch free logic is designed same as the CMOS logic design at logic1 and logic 0. using 180nm 

technology. Shaefali Dixit, et.al [9] a low power DSM technology has been introduced and is tested in PFAL, ECRL, 2N-2N2P 

techniques. The delay is calculated in this design. Preeti Bhati, et.al [10] he mainly discussed about the power clock switching in 

the adiabatic logic designs. This has been made using PFAL type of adiabatic logic. The switching time is large, and the delay is 

critical. P. Kalyani, et.al [11] a brief discussion on all types of adiabatic logics are discussed and more than 90% of the power is 

saved when compared to CMOS. Arpan chaudhuri, et.al [12] rules for designing the adiabatic logic circuits is discussed and some 

of the adiabatic types are designed. The power of all these three techniques is compared with CMOS. Sakshi Goyal, et.al [13] the 

partially and fully adiabatic circuit designs are introduced. The power will reduce when the technology is changed. This is tested in 

90nm technology. Suhwan Kim, et.al [14] a single-phase source coupled adiabatic logic has been discussed. The layout for SCAL 
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is designed and the power clock is distributed throughout the network. Minakshi Sanadhya, et.al [15] the charging and discharging 

of the power clock of all the adiabatic types. Rakesh Kumar Yadav, et.al [16] the adiabatic logics are tested by variating the power 

clock values and the power is tested and the logic with better values is given. Muhammad Arsalan, et.al [17] the test bench setup 

for the adiabatic logic gates is designed and tested in 180nm technology using cadence tool. Manash Chanda, et al [18] A ultra-low 

power application is designed with sub-threshold regime. For minimal power overheads the sinusoidal source is used as a supply 

clock. P. Satish Kumar, et al [19] A brief discussion of sub-threshold region is given and the working of sub-threshold adiabatic 

logic. Few examples are taken and implemented such that the power dissipation and delay is calculated and compared with CMOS 

logic design. Ranjith K G, et.al [20] the mosfet layers are derived for designing in Subthreshold adiabatic logic technique and the 

average power and the relative power and delay are tested using different designs. Nazrul Anuar Nayan, et.al [21] the power saving 

analysis is verified using the sub-threshold adiabatic logic and compared with CMOS. Manash Chanda, et.al [22] the behaviour of 

the mosfet in the sub-threshold regime is tested in 22nm technology in cadence tool. Chandan Kumar Sarkar, et.al [23] the 

parameters such as power, delay, threshold voltage is tested using formulas and efficient power is tested in logic gates. G. 

Indhumathi, et.al [24] a 3T DRAM is implemented using the adiabatic logic in ultra-low power design and compared with 8T 

SRAM cell. Delay, area and power are compared. Kavita Pachkor, et.al [25] FINFET based adiabatic logic is designed and all 

parameters are implemented by designing in finfet using SAL logic. The adiabatic logic and the sub-threshold adiabatic logic are 

tested for only some logics. The power and area are tested only for some of them in the above given survey. The paper is sectioned 

as follows section III gives the introduction and working of the proposed system. Section IV gives the experimental results and 

section V is about conclusion of the project 

III. DESIGN OF SUBTHRESHOLD ADIABATIC LOGIC BASED JOHNSON’S RING COUNTER: 

The Johnson’s ring counter is basically a ring counter, the output is twisted and given to the input, so it is also called as twisted ring 

counter. The basic ring counter structure is shown below. The twisted ring counter consists of 4 D-FF’s (Delay Flip-Flo[p) and the 

output is attached to an inverter and given to the input or the inverted output is directly given to the input. 

 

Fig.1 proposed block diagram 

It needs only half of the flip-flops when compared with the other ring counters. It is called as mod-2n counter 

as a n-stage counter can circulate 1bit data into data sequence into 2n different states. A 4-bit Johnson’s ring counter is 

designed by connecting 4 D-FF in series such as the output of the first flip flop is connected to the input of the second 

flip flop and this continues till the last flip flop’s inverted output is connected to the input of the first flip flop. The 

output is obtained as 1000, 1100, 1110, 1111, 0111, 0011, 0001, 0000. The truth table of D-FF is shown below. 

Table 1. Truth Table of Johnson’s Ring Counter 

Clock pulse Dff 1 Dff 2 Dff 3 Dff 4 

1 1 0 0 0 

2 1 1 0 0 

3 1 1 1 0 

4 1 1 1 1 

5 0 1 1 1 

6 0 0 1 1 

7 0 0 0 1 
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8 0 0 0 0 

 

1. Sub-threshold Adiabatic Logic Operation: 

In the MOS transistor model the drain current is assumed to be zero where gate to source voltage VGS is less than VT, when it comes 

to practical, there exist a very small drain current in a MOS transistor and it is given by a gate voltage below VT. at this stage the 

electrons are released from the rich source of electron region under the gate. The electrons are also released from the rich electron 

drain of the gate, if the voltage at drain to source is zero. [20] The sub-threshold current through drain is due to movement of 

electrons. The VGS near the gate terminal is given as  

iD= -W. Dedqn/dy. 

final expression for iD is 

iD=IS ,3-t eVds-Vt / nØ
t (1- e -Vds / Øt) 

2. Threshold Computing: 

In the standard mode operation, the MOSFET has gate voltage greater than threshold voltage (VGS>VT), this is called strong 

inversion region. At VGS<VT MOSFET’s do not conduct current. The carriers between the drain and source conduct current. Thus, 

at this position it is said to be in weak inversion region (VGS<VT) as the inversion layers of the carriers are not yet formed. The 

device operates at or in threshold region during the near threshold computing. In sub-threshold region circuit operates below VT.  

Based on the VT, the operation regions of transistors are divided into three parts  

 VGS> VT, super-threshold regime. 

 VGS – VT, near-threshold regime. 

 VGS < VT, sub-threshold regime. 

The gate current is negligible in sub-threshold region because it decreases much faster than VDD. Other leakages such as gate induced 

drain leakage, pn-junction leakage is negligible.  Supply voltage scaling has three major disadvantages such as performance loss, 

performance variation and functional failure. 

3. Implementation of Logic Circuits in SAL: 

3.1 NOT Gate implementation: 

The NOT gate is also called as an inverter, this is because it inverts the input and gives the inverted output. For example: 

1 is given as an input to the inverter the output is obtained as 0. The CMOS inverter consists of both PMOS and NMOS connected, 

but the SAL inverter is designed with only PMOS transistor and the capacitor is placed at the pull-down network. When the pulse 

signal is given as input the PMOS transistors becomes active at low signal. The VDD and the Vin are used as the input voltages 

given to the circuit. The capacitor stores the voltage which is obtained when PMOS is on and then during the off stage of PMOS 

at high signal it feedbacks the energy to the circuit. 
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Fig.7 SAL inverter / NOT gate design. 

3.2 NAND Gate Implementation: 

The NAND gate is the compliment of the AND gate. The output of the NAND gate are complimented to get the NAND 

gate output. The AND gate is connected to a NOT gate to form a NAND gate. The CMOS NAND gate consists of a 2 PMOS and 

2 NMOS transistors connected. In SAL logic design only 2 PMOS gates are connected in parallel and the pull-down network is 

replaced by a capacitor. The VDD and Vin gives the input voltages. The truth table and the schematic of NAND gate s given below. 

 

Fig.9 SAL NAND Gate Design 

3.3 D – Flip Flop Implementation: 

The D – FF is also known as Delay flip flop. It is a clocked flip flop, it mostly depends on the clock. Whatever input is 

given the same output is obtained with a delay in the signal. It can be edge triggered and level triggered. D-latch and D-FF are 

level triggered and edge triggered. The D-FF is formed by using the combination of NAND gates. These gates are connected in 

such a way that by operating it the D-FF resultant is obtained. 

 

Fig.11 SAL D-FF Design 

3.4 Johnson’s Ring Counter (JRC) Implementation: 

The Johnson’s Ring Counter is also known as Twisted Ring counter. It consists of four D-FF’s connected in series to 

each other and the output of the last flip flop is inverted and given to the input of the first flip flop. JRC can be any bit as D-FF 

stores only one-bit data a 4-bit JRC is designed. The truth table and schematic are shown below. 

http://www.jetir.org/


© 2018 JETIR  September 2018, Volume 5, Issue 9                                www.jetir.org  (ISSN-2349-5162) 

JETIR1809692 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 288 

 

 

Fig.12 SAL Johnson’s Ring Counter Design 

4. Behaviour of MOSFET in Sub-Threshold Regime: 

Consider a charge phase voltage, the voltage at any time instant can be expressed as  

Ø=VDD(1/T) 

Where the phase Ø ranges from VDD to 0 and the time ranges from T to 2T. 

When logic 1 is given to PMOS the VSD becomes high and the Isub,P is written as 

ISub, P = KP exp {(VDDt / np VT) (1/T - 1)} 

When logic 0 is given to PMOS a very small voltage drop occurs across the transistor. 

We get, 

ISub , P = KP exp {(VDDt / np VTT)(∆V / VT)} 

Where 

∆V= Ø(t) – VOUT = CL ∂ VOUT / ∂ T 

Where ∆V and Vout are the voltage drop across the resistor and the output node voltages. Thus, when the source and drain terminal 

under low VSD, the PMOS transistor is equivalent to time-varying resistor. 

Rp(t) = VT / KP exp (- (VDDt / nP VT T)) 

Solving the ∆V equation we get,  

∆V = nP VT exp {-(β / α)(exp (αt / T))}x[Ei {β / α (exp (αt / T))} – Ei (β / α) ] 

Where β = np T / CL RP(t); α = VDD / np VT ; CL RP (t) = product of path resistance and output load capacitance. By putting γ = β/α 

exp(αt / T), the equation is rewritten as  

∆V = np VT exp(-γ)[Ei(γ) – Ei (β / α)] 

The energy dissipation is expressed as, 

CL ∂Vout / ∂T = ISUB = KP / VT exp (VDDt / np VT T) ∆V 

This gives 

∆V = VDD (VT KP / CL T) when 0 < t ≤ T 
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In case of an SAL inverter, if Vin = 0, the PMOS transistor behaves as a resistor due to low voltage drop across the source and the 

drain terminals of the transistors. When Ø(t) goes up from 0 to VDD, the output capacitor CL will charge up to VOH. When the clock 

falls down from VDD to 0, the charge stored in the output capacitor will be send back to the supply clock. Hence at t = T/2, VOH can 

be expressed as 

VOH = VDD - ∆V 

When we give Vin = 1, the PMOS transistor behaves as a current source, voltage drop across the rises upto VOL. As the clock goes 

up and down the leakage current also changes. Maximum leakage current will flow close to t = T/2. Hence VOL, due to leakage flow 

can be expressed as,  

VOL = exp(-0.5α) (Tnp Kp VT / CL VDD)[1 – exp(-0.5α)] 

VOL is negligibly small as, α » 1 or VDD / np VT » 1. The energy dissipation during the charging process can be calculated as 

Ech, ad = ∫ (∆𝑉)
𝑇

0
2/ R dt 

= np VDD /T (VT
2 / Kp) CL

2 (1- exp (- VDD/ np VT) ) 

Since VDD / np VT » 1, the above equation is written as 

Ech, ad =1 / T (CL VT / Kp) CL V2
DD. 

The charging and discharging phases are considered then, the total power dissipation due to switching can be expressed as 

Eswitch,ad = 2/T (CL VT / KP) CL V2
DD 

The total energy dissipation across PMOS transistor over 0< t ≤ T as follows: 

Eswitch,conv = Ech, ad = ∫ (∆𝑉)
𝑇

0
2/ R dt 

= np VT / Kp C2
L V2

DD/T 

Gain % = (Eswitch,ad / Eswitch,conv x 100), it is stated that PMOS using subthreshold adiabatic logic consumes only 43.47% of the total 

energy consumed by static CMOS counterpart.  

5. impact of Leakage for varying supply voltage: 

The leakage current flows only through PMOS transistor, for higher drain to source voltage drop is taken. The half clock period, 

Ø(t), the leakage energy dissipation is given as 

ELeak, ad = ∫ 𝐾
𝑇

2
0 p exp [VDD/ np VT (t/T - 1)] Ø(t) dt . 

Assuming VDD / np VT » 1, we get 

ELeak, ad≈ exp (VDD/ np VT)[(TKp np VT / 2) (1- 2np VT / VDD)]. 

Leakage across PMOS at same value of peak is expressed as 

ELeak, conv = VDDT Kp 

Comparing above two equations we get 

ELeak, conv / ELeak, ad= 2ɳ2 eɳ / ɳ - 1 ≈  2ɳ eɳ. 
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The leakage power is calculated using the above given formulae and the impact is observed. 

IV EXPERIMENTAL RESULTS 

1. Johnson’s Ring Counter implementation: 

The Johnson’s ring counter is mainly made up of 4 D-FF. the D-FF are connected to each other as shown in the schematic diagram 

below. 

 

Fig.24 SAL JRC schematic Diagram 
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Fig 25 SAL JRC_test 

 

Fig.26 SAL JRC waveforms 

 

Fig.27 SAL JRC power 

When compared to CMOS the SAL JRC has 36 transistors and the power is obtained as 411.2E-15.  

5. Comparison with the CMOS: 

When we compare the number of transistors used in CMOS and in SAL logic, the SAL shows a very good result by reducing the 

no. of transistors. The table given below shows the no. of transistors difference between both logic designs. 

Table.6 Transistors comparison 

Name CMOS SAL 

Inverter 2 1 

NAND 4 2 

D-FF 18 9 
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JRC 72 36 

 

 

Fig.64 Comparison of transistors for CMOS and SAL 

Table:7 comparison of power  

Design CMOS SAL 

Inverter 9.483E-9 51.39E-15 

NAND 9.458E-9 256.1E-15 

D-FF 70.58E-9 307.3E-15 

JRC 11.82E-6 411.2E-15 

 

The CMOS power is compared with the SAL power with different designs implementing in cadence (virtuoso) 45nm technology. 

V CONCLUSION 

The Johnson’s ring counter has been designed using cadence (virtuoso) tool in 45nm technology. The subthreshold adiabatic logic 

is made to work on low frequency. The SAL is compared with CMOS logic on two factors, i.e. number of transistors used, and 

power obtained while executing.  
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