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Recommendation ITU-T L.1318

Q factor: A fundamental metric expressing
integrated circuit energy efficiency

Summary

Recommendation ITU-T L.1318 outlines a method and fundamental metric for expressing integrated
circuit energy efficiency, the Q factor. The Q factor could be applied to measure and improve the
integrated circuit technology behind information and communication technology itself.

The method consists of two separate parts:
1) Method and metric development;

2) Examples of Q factor scores for different integrated circuits and energy and carbon saving
potentials in relation to Q factors.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, establishes
the topics for study by the ITU-T study groups which, in turn, produce Recommendations on these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration” is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure, e.g., interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some other
obligatory language such as "must™ and the negative equivalents are used to express requirements. The use of
such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may involve
the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence, validity or
applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others outside of
the Recommendation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property,
protected by patents/software copyrights, which may be required to implement this Recommendation.
However, implementers are cautioned that this may not represent the latest information and are therefore
strongly urged to consult the appropriate ITU-T databases available via the ITU-T website at
http://www.itu.int/ITU-T/ipr/.

© ITU 2022

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the prior
written permission of ITU.

Documents
i Rec. ITU-T L.1318 (08/2022) Document Sharing Hub

Full document details: ITU-T L.1318 2022


http://www.itu.int/ITU-T/ipr/
http://www.avadocuments.com/doc/itu-t-l-1318-2022
http://www.avadocuments.com/doc/itu-t-l-1318-2022

Table of Contents
Page

DEFINITIONS ...ttt b e bt et e re e sbe e nre e
3.1 Terms defined EISEWNEIE ..........coviii it
3.2 Terms defined in this Recommendation...........cccccocvevveveiieeninene e
4 ADbDreviations and aCrONYIMS .........eoiiiiiieiie i re e e ae e
(@00 11Y7=] 11 o] SRRSO
The framework or methodology — method and metric development .............cccceue...
6.1 The framework or methodology for Q factor..........cccccevvvieviniiiciiee
6.2 The Q factor metric with examples of Q factor SCOres...........cccooeveverirennnn

DN W NNDNRRRPR R R

Appendix | — Challenges, feasible technologies and recent and ongoing work ......................

Appendix Il — Carbon saving potential: energy and carbon saving potential relation to Q
L2101 (0] PSSR P PP 5

Appendix Il — Example of governmental programme mandating energy efficient
(000] 001 0101 (<] £ F PP UPRTRTPRTPI 7

Appendix IV — Performance metrics for different semiconductor technologies and the
COrrespoNdiNg ElECIIICITY USE ....vcviiieiieeie ettt ste et re e 8

BIDHOGIAPNY ... 10

Documents
Rec. ITU-T L.1318 (08/2622)y"ent Shgjing Hub

Full document details: ITU-T L.1318 2022


http://www.avadocuments.com/doc/itu-t-l-1318-2022
http://www.avadocuments.com/doc/itu-t-l-1318-2022

Introduction

As [b-Lewis] describes, current computing technology is not sustainable, owing to the increased heat
generation that accompanies the ever increasing capability of chips. The large number of such chips
packed into a limited space makes cooling a major challenge, which will eventually become
insurmountable. Therefore, it is likely that the trend of improved performance provided by increased
power consumption is reaching its end, unless the relationship between performance and heat
generation can be broken by new technological solutions. Energy-efficient computing, and reversible
adiabatic! computing specifically, could be one of these solutions, as it would fulfil the need
described by [b-Lewis] to reduce power consumption per unit of computation, potentially within the
next ten years.

[b-Andrae] provides a comparison of the energy efficiency of reversible versus conventional
computing: "If a traditional 180 W processor chip using 5 nm node ... would process the anticipated
operations in 2030 with current transistor technology, an absurd amount of electricity will be used for
computing. The same chip using reversible computing would use only 0.08 W." Appendix IV presents
tables of performance metrics for different semiconductor technologies and the corresponding
electricity use.

There are several ways in which the energy efficiency of integrated circuits (ICs) can be expressed.
[b-Kenneth] proposed a Q factor based on radian frequency, electrical and magnetic energies stored
in the IC, and the power dissipation from the IC. [b-lonescu] proposed the E factor, an energy factor
related to the state change in the field-effect transistors, dependent on physics, materials and voltages.

The focus of this Recommendation is the Q factor as a metric by which the energy efficiency of IC
technologies can be measured. The Q factor described herein thus provides a way of establishing the
energy efficiency of ICs, computing and information and communication technology (ICT).

1 Adiabatic: Greek term for a "closed system", in contrast to the term diabatic for an "open S’ﬁ%‘uments
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