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ABSTRACT 

Digital sub threshold logic circuits can be recycled for applications in the ultra-low power end of the design 
spectrum, where presentation is of secondary position. A sub threshold digital circuit accomplishes to gratify the ultra-low 
power requirement because it uses the escape current as its effective switching current. This minute leakage current, 
though, it limits the extreme presentation at which the sub threshold circuit can be operated. Sub-threshold CMOS theory is 
a system which can decrease the power feeding to lower than threshold voltage specified. The adiabatic logic circuit is a 
system to decrease energy feeding by overpowering the voltage applied to the resistance of the circuit. In this it suggests 
that sub threshold adiabatic logic strategy implementation of carry look ahead adder. The simulation result is done in 
Cadence Virtuoso tool at 90nm technology. 
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1. INTRODUCTION 

Power consumption is rapidly becoming a 
limiting factor in integrated circuit technology as device 
sizes shrink. Applications such as wireless sensors, RFID 
tags, and similar devices have only a very small amount of 
power available to them, and must be designed to use a 
minimum of energy. Computer processors have massive 
amounts of power available, but can fail or become 
permanently damaged if the energy they dissipate causes 
severe heating. In an attempt to address these concerns, we 
have tested the effectiveness of two low-power techniques, 
sub-threshold biasing and adiabatic charging. In the design 
the continuous growth of recent portable devices and 
mobile applications has caused a tremendous thrust for 
low power circuit design. Various devices and systems, 
such as voltage mounting, clock gating, etc. has been 
applied successfully in the medium power and 
performance area of the design band for lower power 
consumption. Nevertheless, in some applications where 
ultra-low power feeding is the primary condition and 
performance is of secondary importance, a more 
aggressive method is necessary. Functioning of the 
transistors of a digital reason in the sub threshold region 
has recently been proposed to achieve ultra-low power 
consumption. A sub threshold digital circuit manages to 
gratify the ultra-low power condition because it uses the 
outflow current as its working switching current. This 
minute escape current, however, limits the extreme.  
Presentation at which the sub threshold route can be 
operated. The sub threshold circuit is thus suitable for 
positive submissions which do not very high performance. 
 
2. ADIABATIC PRINCIPLE  

The operation of adiabatic logic gate is separated 
into two different steps: one step is used for reasoning 
evaluation; the other step is used to reset the gate 
production logic worth. Both the steps exploit adiabatic 
switching principle. In the subsequent section 
conventional switching and adiabatic swapping is analysed 
fully. Conventional switching there are three major 

sources of power dissipation in digital CMOS circuits 
those are active, little circuit and leakage power 
dissipation. The dominant component is dynamic power 
indulgence and it is due to discharging, charging of load 
capacitance. The equivalent circuits of CMOS logic for 
charging and discharging. 
 
3. SUB-THRESHOLD BIASING 

The concept of sub-threshold is fairly simple to 
understand, though the physics behind it can be daunting. 
In traditional CMOS processes the voltage threshold is the 
value for which the transistor is off. If the voltage potential 
from the transistors drain to source is below the threshold 
voltage this concept of the device being off is still 
considered true. However, in reality the transistor still 
retains it on off abilities at these low levels, because the 
current doesn’t completely turn off, it is diminished 
exponentially .However the transistor will not achieve at 
the level it was designed for it will still operate similarly. 
We will show how our circuit performed with different 
VDD values set below the voltage threshold. 
 
4. CMOS BASED CARRY LOOK AHEAD ADDER 

Carry look-ahead uses a tree structure to 
parallelize carry generation. The tree structure is based on 
two intermediate signs the, "carry propagate" and "carry 
generate". If the generate signal at a location is stated, 
there is an unqualified carry out at that situation, i.e. a 
carry is "generated" at that point. If the propagate is 
asserted, the carry out trails the carry in, i.e. a carry is 
"propagated" though that circuit. Carry look-ahead When 
units creates generate and propagate gestures are 
combined into sets, the generate for the group is declared 
if any unit has its generates declared and all succeeding 
propagates are declared. The group propagate is declared 
if all unit broadcasts are asserted. 

Most other arithmetic operations, e.g. division 
and multiplication are executed using several add/subtract 
stages. Thus, increasing the rapidity of addition will 
recover the speed of all other arithmetic operations. 
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Therefore, by dropping the carry proliferation delay of 
adders is of great standing. Different logic design methods 
have been working to overcome the carry propagation 
problem. One widely used approach employs the attitude 
of carry look-ahead cracks this problem by calculating the 
carry signals in advance, based on the input signals. This 
type of adder route is called as carry look-ahead adder 
(CLA adder). It is based on the circumstances that a carry 
gesture will be generated in two cases:  

(1) When both bits Ai and Bi are 1, or  
(2) When one of the two bits is one and the carry-

in (carry of the previous stage) is 1. 
The carry-look ahead is a fast adder designed to 

minimize the delay caused by carry propagation in 
elementary adders. It employs the fact that, at each bit 
position in the addition, it can be determined if a carry 
with be created at that bit, or if a transport will be 
propagated  

To get more insight of operation, let us reflect the 
following Boolean equation of the carry look ahead logic. 
 Pi = Ai XOR Bi Carry propagate  
Gi = Ai AND Bi Carry generate  

Both carry propagate and generate signals depend 
only on the input bits and thus will be Valid after 
respective gate delays (XOR gate area and delay is far 
more than AND gate) 
 
5. SUB THRESHOLD ADIABATIC LOGIC (SAL) 
WITH CLA DESIGN 
 

 
 

 
 

 
 

The design and analysis of SAL-based 4-bit CLA 
are given to point out the workability and therefore the 
practicability of the proposed logics. When validating the 
logical practicality, we implemented associate SAL-based 
primary cell library, consisting of common digital gates, 
like buffer/inverter, two-input and three-input functions, 
complicated gates, and special gates like Half and full 
adder, that are necessary to implement the 4-bit CLA. The 
digital gates of the library are developed at electronic 
transistor level using  pulse kind offer voltage as 
mentioned within the hence, 22-nm technology file is used 
in our transistor-level designs which guarantee the 
manufacturability of our designs under all normal 
conditions with favourable yields. 
 

 
 

Figure-1. Basic CLA design. 
 

These structures check either the pull-up or the 
pull-down grid of the static typical logic. For instance, to 
implement a NAND or a NOR gate, merely the pull-up 
network may be placed between the provision clock and 
also the output load capacitors, whereas an AND or an OR 
gate may be enforced using the pull-down network 
between the provision clock and also the output load 
capacitors. Just in case of a NAND structure, for each 
input combination except A = B = 1, the output node 
voltage can follow the provision clock closely, and that we 
get a approximate output wave form. Once A = B = 1 
through parallel PMOS junction transistor, run currents 
can flow because the transistors can behave nearly as a 
relentless current supply. a really touch of charge are keep 
across the load capacitor, i.e., rather than ground potential, 
terribly tiny voltage are across the output. The basic 
building block of 4-bit CLA is given in Fig which is also 
very similar to the conventional structure. Hence, we 
implemented the sum (Si) in three stages to avoid delay 
mismatching with the carry generation. In SAL-based 4-
bit CLA, every stage will be controlled by the supply 
clock. Like the conventional approach, the expression of 
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the ith sum and the (i+ 1) th carry output. The expression of 
the ith sum and the (i+ 1) th carry output. 
 
6. SUB THRESHOLD ADIABATIC LOGIC WITH 
CSLA DESIGN 

The CSLA has two units (i) sum and carry 
generator unit (SCG) and (ii) sum and carry selection unit 
(SCS) [9]. The SCG unit consumes most of the logic 
resources of CSLA and contribute significantly to the 
critical path. Different logic designs have been suggested 
for efficient implementation of SCG unit. We made a 
study on the logic designs suggested for SCG unit of 
conventional CSLA and BEC-based CSLA of [6] by 
suitable logic expressions. The main objective of this 
study is to identify redundant logic operations and data-
dependency. Accordingly, we remove all redundant logic 
operations and sequence logic operations based on their 
data-dependency. 
 

 
 

Figure-2. CSLA Design. 
 
7. SIMULATION RESULTS AND DISCUSSIONS 
 

 
 

Figure-3. Simulation Result of OR gate Using SAL. 
 

 
 

Figure-4. Simulation result of XNOR gate using SAL. 
 

 
 

Figure-5. Simulation result of NAND gate using SAL. 
 

 
 

Figure-6. Simulation result of AND gate using SAL. 
 

 
 

Figure-7. Simulation result of existing CLA. 
 

 
 

Figure-8. Design of proposed CSLA. 
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Figure-9. Simulation result of proposed CSLA. 
 
8. PERFORMANCE COMPARISON OF CLA and 
CSLA 
 

Type of circuits Power consumption 

CLA 

Average power consumed 
-> 3.522685e-006 watt 

Max power 
6.981283e+002 at time 0 

Min power 
2.002951e+001 at time 

7.01025e-007 

CSLA 

Average power consumed 
-> 2.481597e-006watts 

Max power 
6.992443e+002 at time 0 

Min power 
2.205594e+001 at time 

1.01045e-007 
 
9. CONCLUSIONS 

We discussed two novel sub threshold logic 
folks. A new control circuit for the maintenance of sub 
threshold routes deliberated in detail. Both VT-sub-CMOS 
and sub-DTMOS logic folk’s shows greater robustness 
and tolerance to temperature and procedure dissimilarities 
than that of regular sub threshold CMOS logic. VT-sub-
CMOS logic can be willingly applied in twin-well 
development technology, but it requires additional 
circuitry for stabilization. In contrast, sub-DTMOS logic 
does not involve any extra stabilization circuitry but can 
only be implemented in triple-well development 
knowledge. The further increase in area and process 
complexities for sub- DTMOS logic is compensated by its 
developed effective frequency while maintaining 
comparable energy/switching as regular sub threshold 
CMOS logic. DTMOS has been effectively realized in 
both SOI and bulk Silicon. VT-sub-CMOS logic, however, 
has better control on substrate bias. In this paper proposed 
the design of CSLA using Adiabatic Sub Threshold logic 
gates and also produced the better performance of power 
with the fact of above tabulation. 
 
REFERENCES 
 
[1] J. Frenkil. 1998. A multi-level approach to low-power 

IC design. IEEE Spectrum. 35: 54-60. 

[2] Kaushik Roy, Hendrawan Soeleman. Robust 
Subthreshold Logic for Ultra-Low Power Operation. 
and Bipul C. Paul. 

[3] Cihun-Siyong, Alex Gong. Analysis and Design of an 
Efficient Irreversible Energy Recovery Logic in 0.18-

m CMOS. Muh-Tian Shiue, Ci-Tong Hong, and 
Kai-Wen Yao. 

[4] H. Soeleman and K. Roy. 1999. Ultra-low power 
digital subthreshold logic circuits. In Int. Symp. Low 
Power Electron. Design. pp. 94-96. 

[5] 2000. Digital CMOS logic operation in the sub-
threshold region. In Tenth Great Lakes Symp. VLSI. 
pp. 107-112. 

[6] Andrea Calimera. Design Techniques and 
Architectures for Low-Leakage SRAMs. Alberto 
Macii, Enrico Macii and Massimo Poncino. 

[7] T. Kobayashi and T. Sakurai. 1994. Self-adjusting 
threshold-voltage scheme (SATS) for low-voltage 
high-speed operation. In Custom Integrated Circuits 
Conf. pp. 271-274. 

[8] P. W. Lee et al. 2000. Positive/Negative High Voltage 
Charge PumpSystem. 

[9] F. Assaderaghi et al. 1997. Dynamic threshold-
voltage MOSFET (DTMOS) for ultra-low voltage 
VLSI. IEEE Trans. Electron. Devices. 44: 414-422. 

[10] H. Kotaki et al. 1996. Novel bulk dynamic threshold 
voltage MOSFET (B-DTMOS) with advanced 
isolation (SITOS) and gate to shallow-well contact 
(SSS-C) processes for ultra low power dual gate 
CMOS. In: Proc. Int. Electron. Devices Meeting. pp. 
459-462. 


