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Abstract— An asynchronous circuit is a null conventional 

logic unit. A new technology so called differential null 

conventional logic gate is used for realization parallel 

converter. In this paper, a parallel converter is deliberated for 

both static NCL and differential NCL style. These have been 

implemented in an 180nm process with a minimum power 

supply of 16 V. Power calculation analysis is carried out for 

in cooperation types of style. From this analysis, it can be 

clear that the power consumption of a differential NCL style 

is less than as compared to that of static NCL style. 
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I. INTRODUCTION 

Synchronous designs are dominated methodology since 

1960s due to its simplicity and efficiency provided by a clock 

signal. Synchronous circuits operation must complete in 

given cycle time with all possible combinations of input, in 

worst operation environment. The clock ensures to provide 

synchronization among circuit block by guaranteeing the 

valid and stores the output before next cycle begins. Data at 

the input of circuit may experience glitches, providing they 

are definite to settle before next cycle arrivals. The global 

nature of the clock may leads to increase in design and 

automation challenges. Manufacturing feature sizes have 

been decreased, transistors have become ever more leaky and 

power budgets have become major difficult to meet. Due to 

the increase in restrictions and growing complexity of 

synchronous design, asynchronous circuits are getting hold of 

[1]. 

In the absence of global clock that controls register 

and state update, asynchronous designs relay on handshaking 

to move data between functional blocks. Many of the design 

styles have proposed for asynchronous circuits. 

They differ in the Scheme in which data is encoded 

in channels, the handshaking protocol, and the number and 

type of timing assumption required for the designs to work 

precisely. These different design tradeoffs make it difficult to 

make general statements concerning the relative worth of the 

various profit typically associated with asynchronous design. 

In some particular, the design styles may yield low-power but 

they are best suited for low-power applications. Others give 

in high performance at the impose of more power and 

additional timing assumption. All, however, provide a 

thorough framework for exploring alternatives to 

synchronous design. We have various data encoding channels 

like bundled-data channels, One-of-N channel, Single-track 

1-of-N channel, Shared channels and pull channels. In 

bundled data channel, consist of a unidirectional single-rail 

data bus and two-phase handshaking wires namely request 

figure 1. Sender initiates the communication it sends the 

message to a receiver through request wire, after consuming 

the message receiver sends acknowledge to a sender that we 

are ready to receive data using single-rail bus data is 

transferred from sender to receiver. 

We have various different Asynchronous design 

styles delay-insensitive design is one of them. Delay-

insensitive (DI) design is the sturdiest in the construction of 

all asynchronous circuit delay models [2]. It makes no 

assumption on the delay of wires or gates, as they have zero 

to infinity delay and be time varying. Martin proposed a 

compromise to delay insensitivity for gate-level design called 

quasi-delay-insensitive (QDI) design. Quasi Delay-

Insensitive (QDI) circuits are a set of approximately delay-

insensitive asynchronous circuits which are invariant to other 

delays  any of circuit's wires or elements, excludes to imagine 

that sure fan-outs are isochronic and allows signals to reach 

two destinations with a minor in delay  difference [3]. 

 
Fig. 1:  Elements of a Bundled-Data Channel. 

 
Fig. 2: Illustration of isochronic-fork assumption. 

Isochronic forks are forks in wires the admit target 

has seen a transition on their end of the fork then the transition 

may be supposed to happen on the other sides of the fork too. 

There are two kinds of isochronic forks; the asymmetric types 

can checks that the signal will reach at the acknowledge fork 

tip before, or meanwhile as, it will be at other fork tip while 

the symmetric type ensures that both fork tips may be arrives 

at the similar time. Symmetrical isochronic forks allocate any 

one of the targets to ensure the signal. In QDI (quasi delay-

insensitive) circuits, all forks should be whichever isochronic 

and agreed by one of the destinations or acknowledged by all 

other destinations. 

The concept of isochronic fork was first introduced 

by A. J. Martin strongly to make a distinction connecting 

asynchronous circuits that doesn’t satisfy QDI requirements. 

Martin also recognized that the given practical assumptions 

on the categories of circuit elements so as to be obtainable to 

design, but it is unfeasible to design interesting systems 

without including at least some asynchronous forks. Some of 

them are the weakest negotiation away from fully delay-

insensitive systems. As shown in figure 2 if the fork F is 

isochronic, it is definite that the rising transition at B arrives 

before the falling transition at A. Means that there is no glitch 

at C. If the fork were not isochronic then a glitch at C may 

become visible and the circuit would be hazardous. In other 

words, the isochronic-fork assumption can be relaxed to mean 

that the delay from one end of the fork to its terminal gate G 
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must be below the delay of any re-convergent fan-out path 

through any other end of the fork that also terminate at G[4]. 

II. NULL CONVENTIONAL LOGIC 

Null conventional logic is a type of delay-insensitive 

asynchronous logic circuit. This gates works accurately 

regardless of the availability of input. Hence, it called as 

correct-by-construction [5]. NCL circuits use dual-rail and 

quad-rail logic. Here we use quad-rail encoding to transfer 

data for different circuitry block NCL, AND function 

operation is shown in below figure 3. 

 
Fig. 3: Dual-Rail Encoding. 

 
Fig. 4: Operation of NCL AND function. 

We know the functionality of AND gate when both 

X and Y are high (logic 1) then only output is asserted to high 

(logic 1) for other combinations output will be low (logic 0). 

Input X uses two wires to carry DATA 0 and DATA1 i.e, X0 

and X1 similarly for Input Y also Y0 AND Y1.  In figure 4, 

X1 and Y0   are asserted output Z0 is asserted means we got 

valid output. When X1 and Y1 asserts then output Z1 will 

also asserts according to the function table of AND gate. 

 
Fig. 5: NCL system framework 

Input wave fronts are controlled by local 

handshaking of signals and Completion Detection instead of 

by a global clock signal. Feedback requires a minimum of 

three DI registers in the loop of feedback to check the 

deadlock. The frameworks for NCL systems consist of DI 

combinational logic have shown in figure 5. NCL systems 

contains minimum of  two DI registers, one at the input and 

other at the output, and can be  pipelined by adding  additional 

registers, as shown in  the Figure 5. Two adjacent registers 

stage may  interact through their request and acknowledge 

signals, ki and ko, respectively, to eradicate the current DATA 

wavefront from  the overwriting of the previous DATA 

wavefront, by ensure that the two DATA wavefronts are 

always  be separates by a NULL wavefront. The acknowledge 

signals can be combined in completion of detection circuitry 

to produce the request signal to the previous stage of register, 

utilizing either the full-word or bit-wise completion strategy 

[6] 

The basic component of NCL is threshold gate it is 

similar to Boolean gate, it realizes complex switching 

functions. Threshold gate holds hysteresis mechanism. Here 

we two types of threshold gates 

 Primary(THmn) threshold gate. 

 Weighted threshold gate. 

A. Threshold Gate 

 
Fig. 6: Threshold logic gate symbol[7]. 

 
Fig. 7: THmn gate. 

In figure 6 threshold logic gate symbol is shown here 

A,B,……..N  are inputs of the logic gate and a,b,……..n are 

weight of the input, t1 and t2  are threshold values and Z and 

Z outputs of logic gates. 

Z = 1 if (a.A + b.B+...) > t1= 0 if (a.A + b.B+...) ≤ t2 

Where t1 = the upper threshold level of the gate, t2= 

the lower threshold level of the gate. 

Primary threshold gate is shown in figure 7 input 

1,input 2,……..input n are inputs of the THmn gate and m is 

the value of the threshold, to get the output the gate must 

always satisfy the 1 ≤ m ≤ n condition[7]. 

B. Weighted Threshold Gate 

 
Fig. 8:  TH34w2 Threshold gate: Z = AB + AC + AD + 

BCD. 

Weighted threshold gates are shown in figure 8 i.e, TH34w2 

means threshold value of given gate is 3 and number of inputs 

are 4 with weight of 2,1,1,1 to assert the given gate input A 

always should be asserted and either input B, input C or input 

D should be asserted then only given gate will be asserted to 

high. 

 
Table 1: 27 fundamental NCL gates. 

In table 1 shows 27 fundamental of NCL gates 

which consists of set of functions, four or fewer variables. 

Each rail of an NCL signal is considered as a separate 

variable, a four variable function cannot be the same function 
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of the four literals, which would consists of eight variables 

for the dual-rail logic. 

III. IMPLEMENTATION OF NCL GATES 

A. Semi-Static NCL 

 
Fig. 9: Architecture of semi-static gate. 

Here the semi-static implementation of NCL gates uses weak 

feedback inverter to hold the state information as shown in 

figure 9. In a semi-static implementation, reset block realized 

by pull-up network and set block realized by pull-down 

network [8]. 

The state information is maintained constant, due to 

presences of weak feedback inverter. The weak feedback 

inverter compensate the leakage current that will discharges 

through the internal node when both set and reset blocks are 

deasserted. This implementation becomes more robust to 

noise issues and charge sharing effects because the weak 

feedback inverter if carefully sized, can restore the value on 

the internal node in a reasonably short interval of time. Due 

to the presence of weak feedback supply voltage gradually 

decreases to zero. Weak feedback makes operation slower 

and ceases. To over the problem of implementation of static 

NCL gates came into existence. 

B. Static NCL 

Semi-static NCL circuits do not hold enough current to resist 

the internal noise due to this internal noise charge loss takes 

place during charge sharing and unable to store the previous 

state values. Since NCL gates have hysteresis mechanism, an 

additional pull-up, and pull-down network are required to 

remain the output value unchanged neither the set state nor 

reset  state functions are true since set and reset are not 

complements of each other in NCL gates. It is describe as the 

HOLD0 = SET and HOLD1 = RESET. Implementation is 

known as static NCL gates as shown in figure 10[9]. 

 
Fig. 10: Static NCL implementation. 

The general equation for an NCL gate with output Z 

is: 

Z = set + (Z− • hold1) 

Where Z− is the previous output value and Z is the 

new value. Here HOLD1 equation is simply all inputs ORed 

together.  For the complement of Z' is also required, which in 

general form is: 

Z' = reset + (Z− • hold0) 

Where reset is the complement of HOLD1 (i.e., the 

complement of each input, ANDed together) and HOLD0 is 

the complement of a set, such that the gate output is de-

asserted when all inputs are de-asserted [9]. 

C. Differential NCL 

 
Fig. 11: DCVSL gate architecture. 

Differential NCL in figure 12 is evolved from DCVSL gate, 

we can see the architecture of DCVSL gate shown in figure 

4. Here PMOS transistors are cross coupled and function and 

it's complementary are together (overlapped) realized in pull-

down network to maintain design as simple as possible [10]. 

This gates does not completely support four phase Quasi 

delay-insensitive. To overcome this problem we go for 

DNCL gate here SET and RESET block are implemented two 

separate blocks and realized in pull-down network. NMOS 

transistors are introduced to hold the hysteresis mechanism. 

 
Fig. 12: Implementation of DNCL. 

NMOS has high mobility rate compared to PMOS 

here additional transistors are not required to complement the 

output Q. [10]By using DNCL gates we can get both outputs 

and it's complementary. DNCL is apt for low-power designs, 

it minimizes the current during switching and improves the 

average propagation delay throughout the operation and 

explore better design space for large fan-in gates. 

IV. PARALLEL A/D CONVERTER 

A parallel ADC is one of the Analog to digital converter uses 

a linear voltage ladder inturn uses a comparator at each 

horizontal support of the ladder and to compare the input 

voltage with that of successive reference voltages [11]. 

Frequently these reference ladders can be built with resistors, 

however; current implementations shows that capacitive 

voltage division may also possible. 

Comparator array is one of the most prominent 

block in flash ADC since it determines many of the 

performance related metrics of the converter. Major power 

consumption source in parallel ADC is because of 

comparator array. Comparator is a device which compares 

any two voltages or current and outputs a digital signal. 

 
Fig. 13: Comparator array. 

If input voltage (Vin) is more than Reference voltage 

(Vref) comparator gives output as one. If voltage (Vin) is less 

than Reference voltage (Vref) then comparator results as zero. 
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The output of a comparator is given to a digital 

encoder, which converts the inputs to a binary value. Parallel 

converters are really rapid compared to the other types of 

ADCs like successive approximation and folding ADC's etc. 

which usually slender the "correct" answer over a sequence 

of stages. Compare to these, a parallel converter is quite 

straightforward and, apart from the analog comparators, only 

requires a logic function for the final conversion to binary. 

For best exactness, often a track and hold circuit is inserted in 

front of the ADC circuit. This is essential for other ADC types 

(like successive approximation ADC), but for flash ADCs, 

there is no require for this, because the comparators are the 

sampling devices. 

 
Fig. 14: 3-bit parallel A/D converter. 

As shown in figure 14 Vin =16v and Vref = 5.5v 

non-inverting terminal is connected to Vin and inverting 

terminal is given to Vref. Outputs of comparator are given to 

8 to 3-bit priority encoder. At each resistor voltage drop 

occurs like 14v, 12v, 10v, 8v, 6v, 4v, 2v if voltage node in 

stuck between resistor is less than Vref output is high or else 

output is low. These inputs are specified to priority encoder, 

a truth table is shown below in figure 15 and figure 16.Output 

of the priority encoder is 110 (i.e, 6) binary number [12]. 

 
Fig. 15: Priority Encoder. 

 
Fig. 16: priority encoder truth table 

V. COMPARISON TABLE AND WAVEFORMS 

In figure 17 we can monitor the transistor count for a parallel 

converter in both static and DNCL gates. A excess of 

transistors are required to realize parallel converter compare 

to static NCL gates. 

 
Fig. 17: Transistor count for parallel converter. 

 
Fig. 18: Schematic of TH23 static gate. (AB+AC+BC) 

 
Fig. 19: Simulation results of TH23 static gate. 

TH23 static gate, set functionality  is AB+AC+BC 

here either AB or AC or BC inputs are assert then output Q 

will be one, if all inputs are desserted then output Q will assert 

as shown in figure 18,19. Grey colour is represent of "NULL" 

state if set (AB+AC+BC) condition is false results in "NULL" 

state. 

 
Fig. 20: Schematic of TH23 DNCL gate. (AB+AC+BC) 
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Fig. 21: Simulation results of TH23DNCL gate 

Differential implementation of a reset block is now 

connecting output Z to ground through a pull-down network. 

In spite of the change in the circuit structure, the reset block 

should use NMOS transistors as an alternative of PMOS 

transistors, and therefore requires the complement input 

value. Since each differential NCL gate provides both the 

output Z and its complement of Z, refusal additional logic is 

necessary to invert the inputs. Here input A and input B are 

given then only output Q will assert, if all inputs are not given 

output Q will assert as shown in figure 20,21. 

 
Fig. 22: Shematic of TH23 DCVSL gate. (AB+AC+BC) 

 
Fig. 23: Simulation results of TH23 DCVSL gate. 

In figure 22, 23 Differential cascode voltage 

switching logic (DCVSL) both PDNs are grounded (logic 0) 

and all inputs are connected to gates in the PDNs. There is 

often overlap in the F and F networks. Hence we go for 

DNCL gates. Input A and input B are asserted then only 

output Q will assert, if all inputs are desserted then output Q 

will assert. Grey colour is represent of "NULL" state if set 

(AB+AC+BC) condition is false results in "NULL" state. 

 
Fig. 24: Output waveform of parallel converter using static 

NCL gates. 

 
Fig. 25: Output waveform of parallel converter using DNCL 

gates. 

In figure 24, 25 waveforms of a parallel converter 

with respect to static and DNCL gates. Analog signal is 

precise as input signal to parallel converter with a voltage 16v 

and Vref = 5.5v yield output is 011 i.e., 3 in binary. 

Parameters are intended and tabulated in table 2, here in table 

we can see total delay and average power (crowbar current as 

a small portion) is reduced in DNCL gates owing to parasitic 

of RC charging/discharging are extremely small compared to 

Static NCL gates. 

Parallel converter in 
Total 

Delay 

Average 

Power 
Speed 

Static NCL gates 2.769ns 2.6615watts 0.3611 

DNCL gates 2.138ns 2.3206watts 0.4677 

Table 2: Comparison table of parallel converter. 

The hspice-A_2008.03  is a tool , to simulate the 

program, awanwaves is used for visualizing output waveform 

in 180nm technology for pMOS and nMOS , and .measure 

statement are used to calculate the total delay (TD) and 

average power. The delay is indirectly proportional to speed, 

by simply inverting the delay parameter we get speed 

parameter. 

VI. CONCLUSION 

During the operation, there is no false switching of 

transistors. The NULL state is instinctive and reaches power 

idle state. Since the global clocking is abolish, so largely 

power consumption of the circuit decreases. By realizing 

parallel converter in DNCL 22.7% of total delay and speed is 

save, 12.8 % of average power is saved in DNCL style. 

Compare to static style power consumption is fewer in 

DNCL. For low power application, DNCL style is very apt. 
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