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ABSTRACT

In this paper, a new power gating technique for low power of digital circuits design is described. The aim of this
proposed concept is to reduce unwanted power dissipates during switching transients of the logic design. Through this
paper, we have implemented the different power gating methods like pmos gating, nmos gating and dual gating techniques
of several logic circuits with respect to various power factors. Simulation results are been reported and it will show the
effective approach of proposed scheme.
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INTRODUCTION

Need For Low Power Design The need for low power design is motivated by several factors, such as the
emergence of portable systems, thermal considerations, reliability issues, and, finally, environmental concerns. The
evolution of portable or mobile communication devices such as laptops, cellular phones, video games, etc. is the most
important factor driving the need for low power design. The main reason behind the development of low power circuits is
that many portable devices and their applications require low power dissipation and high throughput. The commercial
success of portable or mobile devices depends significantly on their weight, cost, and battery life. Moreover, for most
portable systems, the IC (Integrated Circuit) components consume a significant portion of the total system power.
Portable devices have a strict demand for power consumption since they have limited battery capacity. Though new
rechargeable batteries are available on the market, such as nickel-metal hydride (NiMH) batteries that have a higher
energy capacity than the conventional nickel-cadmium (NiCd) batteries, such an increase in energy capacity is not
expected in the near future. Low power design also plays a significant role in high-performance integrated circuits such as
microprocessors and other high-speed digital circuits, which leads to circuit designs with high clock frequencies. The
power consumed by the integrated circuit is dissipated in the form of heat. This may lead to problems such as circuit
degradation and operating failures. Component failure rates double for every 10°C increase in operating temperature.
Moreover, large current levels on metal interconnections lead to electro migration, which may cause electrical shorts
between lines. Furthermore, of the total power consumed by office equipment, about 80% is consumed by computing
equipment and mostly when that equipment is not in use. Efficient low power design techniques are required to avoid
these problems. Reducing a circuit’s average power consumption typically improves the circuit’s reliability. This leads to
a reduction in cooling requirements, which in turn reduces the packaging and cooling costs. Thus, effective low power
design methods are of supreme importance.

Power consumption in digital cmos circuits can be summarized as follows:
Ptot = Psw + Psc + Pleak + Pstat
Low Power Digital Design Using Asynchronous Logic, Sathish Vimalraj Antony Jayasekar, May 2011

where Psy is the capacitive switching (dynamic) power, Ps is the short circuit power,Peac IS the leakage power,
and Psa IS the static power.

AIM AND SCOPE OF THE PAPER

Synchronous Limitations: When system complexity and clock speed increase, synchronous design has some inherent
problems due to its way of keeping operations in lock-step execution. Some of the more obvious problems occurs in the
following sections of synchronous circuits are presented below.

e Clock Skew
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Worst Case Performance
External Inputs
Modularity
Compos ability
In contrast, asynchronous design and circuits do not suffer from the above stated problems. Although
asynchronous circuits have some problem of their own, their advantages make them an interesting and viable alternative
and complement to synchronous circuits.

Asynchronous Logic: Asynchronous systems operate in what is called the event domain. Asynchronous circuits
communicate via handshakes. A handshake consists of a series of signal events sent back and forth between the
communicating elements, can divide the communicating elements into a sender and a receiver part. If two elements are to
communicate in this fashion, they must be able to understand each other. It is therefore necessary to follow established
handshake protocols.

Request

—
Sender Receiver

-

Acknowledge

Fig.1.Example of a Sender / Receiver Handshake

Asynchronous Logic Design: Low power digital system design can be obtained at various levels, such as the process
level, circuit level, architecture level, and algorithm level, by reducing the number of switching events for a given task.
This thesis will concentrate on the algorithm level of the design, which can be applied to reduce power dissipation in
digital integrated circuits. Asynchronous circuits (also called self-timed, locally clocked, clockless and a number of other
names descriptive of the different approaches) remove the need for a global synchronizing clock. Instead, the process of
computation is controlled though local clocks and local handshaking and handoff between adjacent units. What this means
for high performance and power-efficient design is that such local control permits resources to be used only when they are
necessary. This removes the need to distribute a common clock signal throughout the circuit with acceptable clock skew.
It also helps to reduce power dissipation in CMQOS circuits because gates only switch when they are doing useful work
rather than one very clock edge. There are many kinds of asynchronous logic.

Asynchronous Limitations: Although asynchronous circuits do not suffer from many of the problems found in
synchronous circuits, they do have some problems of their own. The most important of these are discussed in the
following paragraphs.

Hazards
Handshake Latency
Different Design Methodologies
e Immature Synthesis Methodologies
RECENT BREAKTHROUGH

Sleep Convention Logic (SCL) overcomes most of the disadvantages listed above. Important advantages over
Null Convention Logic (NCL) are that SCL is input incomplete and does not require observability. This eliminates
previous incompatibilities of asynchronous architectures with standard electronic design automation (EDA) tools. In
addition, SCL combines completion and sleep signals, reducing area overhead. Overall, design of logic using SCL results
in speed and area comparable to synchronous architecture, with lower dyamic energy per operation, and lower leakage
power. However, there are several issues associated with power gating in the prevalent synchronous-logic circuits. First of
all, in synchronous circuits, power gating is usually implemented in a coarse-grained manner. The decision for switching
between “sleep” and “active” modes is usually made by an external decoder and shared among many functional blocks.
The complexity of the decoder generally prevents its implementation from a fine-grained manner (or at least with
deliberate effort which may compromise power dissipation, area and speed performances). Secondly, the transition of the
circuit between “sleep” and “active” modes may jeopardize the design of the synchronous clocking infrastructure, and
hence needs to be carefully designed in order to prevent any synchronization failures, noise margin degradations, or
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timing violations. To alleviate the issues arising from synchronous-logic power gating techniques and to improve its
gating efficiency, propose to adopt an asynchronous-logic approach for achieving a fine-grained power gating. Instead of
using a global clock signal as in the synchronous-logic circuits, asynchronous-logic circuits implement local
“handshaking” protocols for data synchronizations. By means of local handshaking controllers, asynchronous-logic
circuits have the inherent attribute to determine when the circuits commence and when the circuits complete their
operations, which may arguably suggest the use of asynchronous-logic as the best approach for determining when to
switch between the two operational modes. In this paper, propose a fine-grained power gating technique for an
asynchronous-logic 4-phase pipeline stage by using locally controlled gating transistors. It will demonstrate that, by a
simple extension or minimal control overheads to the asynchronous-logic latch controller design, can effectively reduce
both short-circuit and leakage power dissipations. further compare the performances of three different power gating
configurations using only PMQOS transistor (PMOS Gating), only NMOS transistor (NMOS Gating), and both types of
transistors (Dual Gating). also analyze their power efficiency with different data input rates. Based on the computer
simulation results, with a small delay overheads (less than 15%), all configurations achieve >70% short-circuit and
leakage power reduction as compared to the conventional asynchronous-logic pipeline stage (without power gating).
Among the three configurations, Dual Gating yields the best wasted power reduction, > 13% and 8% better than PMOS
Gating and NMOS Gating respectively.

POWER GATING

Power-gating (PG) technique uses sleep transistors between GND and NMOS transistors of logics. Cuts power-
supply to the logic blocks, active/sleep mode controlled by sleep signals. Sleep transistors consist of High-Vth transistors
used for significant leakage power reduction.
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Fig.2: General Power Gating Structure

Power-gating (PG) parameters
The following PG parameters are key factors for implementing successful design methodology.

> Power gate size

> Gate control slew rate

> Simultaneous switching capacitance
> Power gate leakage

Fine-Grain PG

A few cells are sharing the VGND (Locally shared). The standard Cells are fixed for PG. It includes the VGND
rail and involves adding new port for the VGND. Power Switch Cell, Isolation Cell, Retention registers, Level shifter is
added.
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Fig. 3: General Power Gating Block Diagram
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Traditional PG is used Power Ring. Added virtual ground (VGND) ring and Sleep transistor used in Core. Unit of
PG is a Core or Module. Appling for a large semiconductor domain and controlled for long time scale (millisecond order).
There are two ways of implementing:

1. Ring-based
2. Column-based

Power Gating Technique: A fundamental power gating technique can be implemented with three types of gating
transistor configurations, namely PMOS Gating, NMOS Gating and Dual Gating as shown in Fig.4. In the “active” mode,
gating transistors are turned on (SL = “0”) and the Combinational Block, which is composed of low-Vth devices, can
operate in a fast manner. While in the “sleep” mode (SL = “1”), when gating transistors are turned off, they will suppress
the leakage currents due to their high threshold voltages.
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Fig.4: (a) PMOS Gating, (b) NMOS Gating, and (c) Dual Gating
PROPOSED METHODOLOGY

Proposed Fine-Grained Power Gating By Asyncrhonous-Logic: Since the readiness of the latched input data comes
around the same time with the output request signal Routl, if use this request signal as the “wake-up” call for the
Combinational Block, will be able to introduce a local power gating technique that switches between the “active” and
“sleep” modes in a “just-in-time” manner with minimal control overheads (an additional inverter for driving PMOS
Gating). the proposed system configuration is shown in Fig.5.
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Fig.5: Proposed pipeline stage implementing the power gating Technique

Similar to the synchronous-logic-based power gating technique introduced earlier, this design features high Vth
gating transistors inserted between the Combinational Block and the power rails. The output request signal of Latch
Controller 1 (Routl) is used as the control signal for turning “on” or “off” the gating transistors. When no data is being
processed, Routl is low and gating devices are turned off, the leakage current is suppressed (“sleep” mode). On the other
hand, when there is input data to be processed, Routl will go high and gating transistors are turned on. In this case, the
Combinational Block, which is composed of low Vth devices, can perform the requested computations with a fast speed
(“active” mode). The latch controllers used in the design implements a normally-closed latching scheme, which does not
switch with input variations until all of the data bits are ready.

This design helps to reduce the dynamic power consumptions as compared to circuits using normally-open
latches. The Signal Transition Graph (STG) of the latch controller is derived in Fig.6 and its corresponding structure is
illustrated in Fig.7 can perform the requested computations with a fast speed (“active” mode). The latch controllers used
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in the design implements a normally-closed latching scheme, which does not switch with input variations until all of the
data bits are ready. This design helps to reduce the dynamic power consumptions as compared to circuits using normally-
open latches. The Signal Transition Graph (STG) of the latch controller is derived in Fig. 33, and its corresponding

structure is illustrated in Fig. 34
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Fig.6: STG of the Latch controller Fig.7: Circuit Schematic of the proposed Asynchronous —
logic power gating pipeline stage

Fig.8 shows the timing diagram of the asynchronous-logic pipeline stage with the proposed power gating technique. It
can be seen that besides the conventional 4-phase handshaking operation, the switching between “active” and “sleep”
mode is controlled by the output request signal Rout1.
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Fig.8: Timing Diagram of the proposed power gating pipeline stage

RESULTS AND OBSERVATIONS
The proposed power gating technique based on the 3 different gating configurations as well as the conventional design

without gating. For simplicity in this paper, only compare the wasted power dissipation to the Combinational Block. For
simulation use Tanner 15.0 tool.
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Fig.9: Asynchronous logic with PMOS gating

This is the Asynchronous logic circuit with PMOS gating is used. The Routl is the input for the gating circuit.
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Fig.10:  Asynchronous logic with PMOS gating output
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When the Routl is act as gating for the PMOS transistor, that time only power will be drawn by the circuit. The power
consumed by the circuit is 8. 7mw.
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Fig.11:  Asynchronous logic with NMOS gating Fig.12:  Asynchronous logic with NMOS gating output

This is the Asynchronous logic circuit with NMOS gating is used.
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The power consumed by the NMQOS circuit is 9mw.
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Fig.13: Asynchronous logic with dual gatihg Fig.14: Asynchronous logic with dual gating output

The dual gating (i.e) PMOS transistor is used between VDD and the combinational circuit and NMOS transistor is used
between Gnd and combinational circuit.
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Fig.17: Power Reduction rating for three gating

Consider different data input rates, ranging from 1Mbps (Mega-bits-per-second) to 100Mbps for the simulation. From Fig.
1.7 show that the approach (for all 3 configurations) reduces at least 70% wasted power at different input rates. Dual
Gating gives the best power reduction than PMOS Gating and NMOS Gating respectively. When consider the wasted
power reduction performance with different input rates, it can be shown that the effectiveness of the proposed
asynchronous-logic power gating technique improves at lower input rates. This is expected as longer input idle time will
translate to longer sleeping periods for the gated pipelines.
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CONCLUSION

We have demonstrated in this project of using asynchronously controlled gating transistors for achieving fine-grained
circuit wasted power reductions. Simulation results have proved the effectiveness of this technique over different input
frequency with minimal control and delay overheads. Three types of gating configurations including PMOS Gating,
NMOS Gating and Dual Gating are investigated. It has been found that >70% wasted power reduction (in the
Combinational Block) as compared to the conventional asynchronous-logic pipeline stage can be achieved with all gating
configurations. In particular, Dual Gating configuration provides better wasted power reduction as compared to single-
transistor gating configurations.
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