This is a free page sample. Access the full version online.

@ NSAI [rish Standard
[.S. EN 60747-16-1:2002&A1:2007&A2:2017

Standards

Semiconductor devices - Part 16-1:
Microwave integrated circuits - Amplifiers

© CENELEC 2017  No copying without NSAI permission except as permitted by copyright law.




This is a free page sample. Access the full version online.

I.S. EN 60747-16-1:2002&A1:2007&A2:2017

Incorporating amendments/corrigenda/National Annexes issued since publication:

EN 60747-16-1:2002/A1:2007
EN 60747-16-1:2002/A2:2017

The National Standards Authority of Ireland (NSAI) produces the following categories of formal documents:

1.S. xxx: Irish Standard — national specification based on the consensus of an expert panel and subject to public consultation.
S.R. xxx: Standard Recommendation — recommendation based on the consensus of an expert panel and subject to public consultation.

SWIFT xxx: A rapidly developed recommendatory document based on the consensus of the participants of an NSAl workshop.

This document replaces/revises/consolidates the NSAl adoption of the document(s) indicated on the
CEN/CENELEC cover/Foreword and the following National document(s):

NOTE: The date of any NSAI previous adoption may not match the date of its original CEN/CENELEC
document.

This document is based on: Published:
EN 60747-16-1:2002 2002-02-08
This document was published ICS number:

under the authority of the NSAI
and comes into effect on:

2017-06-13 NOTE: If blank see CEN/CENELEC cover page
NSAI T +353 1807 3800 Sales:

1 Swift Square, F+353 1807 3838 T+35318576730
Northwood, Santry E standards®nsai.ie F +353 18576729
Dublin 9 W NSAl.ie W standards.ie

Udaras um Chaighdedin Naisitnta na hEireann




This is a free page sample. Access the full version online.

National Foreword

I.S. EN 60747-16-1:2002&A1:2007&A2:2017 is the adopted Irish version of the European Document EN
60747-16-1:2002, Semiconductor devices - Part 16-1: Microwave integrated circuits - Amplifiers

This document does not purport to include all the necessary provisions of a contract. Users are responsible
for its correct application.

For relationships with other publications refer to the NSAl web store.

Compliance with this document does not of itself confer immunity from legal obligations.

In line with international standards practice the decimal point is shown as a comma (,) throughout this
document.
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EUROPEAN STANDARD EN 60747-16-1:2002/A2
NORME EUROPEENNE
EUROPAISCHE NORM May 2017

ICS 31.080.99

English Version

Semiconductor devices -
Part 16-1: Microwave integrated circuits - Amplifiers
(IEC 60747-16-1:2001/A2:2017)

Dispositifs a semiconducteurs - Halbleiterbauelemente -
Partie 16-1: Circuits intégrés hyperfréquences - Teil 16-1: Integrierte Mikrowellen-Verstarker
Amplificateurs (IEC 60747-16-1:2001/A2:2017)
(IEC 60747-16-1:2001/A2:2017)

This amendment A2 modifies the European Standard EN 60747-16-1:2002; it was approved by CENELEC on 2017-03-22. CENELEC
members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this amendment the
status of a national standard without any alteration.

Up-to-date lists and bibliographical references concerning such national standards may be obtained on application to the CEN-CENELEC
Management Centre or to any CENELEC member.

This amendment exists in three official versions (English, French, German). A version in any other language made by translation under the
responsibility of a CENELEC member into its own language and notified to the CEN-CENELEC Management Centre has the same status as
the official versions.

CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Croatia, Cyprus, the Czech Republic,
Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, the Netherlands, Norway, Poland, Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden,
Switzerland, Turkey and the United Kingdom.

CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Europiisches Komitee fiir Elektrotechnische Normung

CEN-CENELEC Management Centre: Avenue Marnix 17, B-1000 Brussels

© 2017 CENELEC All rights of exploitation in any form and by any means reserved worldwide for CENELEC Members.

Ref. No. EN 60747-16-1:2002/A2:2017 E
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European foreword

The text of document 47E/500/CDV, future IEC 60747-16-1:2001/A2, prepared by SC 47E "Discrete
semiconductor devices" of IEC/TC 47 "Semiconductor devices" was submitted to the IEC-CENELEC parallel
vote and approved by CENELEC as EN 60747-16-1:2002/A2:2017.

The following dates are fixed:

¢ latest date by which the document has to be (dop) 2017-12-22
implemented at national level by
publication of an identical national
standard or by endorsement

o latest date by which the national (dow) 2020-03-22
standards conflicting with the
document have to be withdrawn

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CENELEC shall not be held responsible for identifying any or all such patent rights.

Endorsement notice

The text of the International Standard IEC 60747-16-1:2001/A2:2017 was approved by CENELEC as a
European Standard without any modification.
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EUROPAISCHE NORM February 2007

ICS 31.080.99

English version

Semiconductor devices -
Part 16-1: Microwave integrated circuits -
Amplifiers
(IEC 60747-16-1:2001/A1:2007)

Dispositifs a semiconducteurs - Halbleiterbauelemente -

Partie 16-1: Circuits intégrés Teil 16-1: Integrierte
hyperfréquences - Mikrowellen-Verstarker
Amplificateurs (IEC 60747-16-1:2001/A1:2007)

(CEI 60747-16-1:2001/A1:2007)

This amendment A1 modifies the European Standard EN 60747-16-1:2002; it was approved by CENELEC on
2007-02-01. CENELEC members are bound to comply with the CEN/CENELEC Internal Regulations which
stipulate the conditions for giving this amendment the status of a national standard without any alteration.

Up-to-date lists and bibliographical references concerning such national standards may be obtained on
application to the Central Secretariat or to any CENELEC member.

This amendment exists in three official versions (English, French, German). A version in any other language
made by translation under the responsibility of a CENELEC member into its own language and notified to the
Central Secretariat has the same status as the official versions.

CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Cyprus, the
Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, the Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland and the United Kingdom.

CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Europaisches Komitee fiir Elektrotechnische Normung

Central Secretariat: rue de Stassart 35, B - 1050 Brussels

© 2007 CENELEC -  All rights of exploitation in any form and by any means reserved worldwide for CENELEC members.

Ref. No. EN 60747-16-1:2002/A1:2007 E
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Foreword
The text of document 47E/305/FDIS, future amendment 1 to IEC 60747-16-1:2001, prepared by SC 47E,
Discrete semiconductor devices, of IEC TC 47, Semiconductor devices, was submitted to the

IEC-CENELEC parallel vote and was approved by CENELEC as amendment Al to EN 60747-16-1:2002
on 2007-02-01.

The following dates were fixed:
— latest date by which the amendment has to be
implemented at national level by publication of
an identical national standard or by endorsement (dop) 2007-11-01

— latest date by which the national standards conflicting
with the amendment have to be withdrawn (dow) 2010-02-01

Annex ZA has been added by CENELEC.

Endorsement notice

The text of amendment 1:2006 to the International Standard IEC 60747-16-1:2001 was approved by
CENELEC as an amendment to the European Standard without any modification.
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EUROPEAN STANDARD EN 60747-16-1
NORME EUROPEENNE

EUROPAISCHE NORM February 2002

ICS 31.080.99

English version

Semiconductor devices
Part 16-1: Microwave integrated circuits -
Amplifiers
(IEC 60747-16-1:2001)

Dispositifs a semiconducteurs Halbleiterbauelemente

Partie 16-1: Circuits intégrés Teil 16-1: Integrierte Mikrowellen-
hyperfréquences - Verstarker

Amplificateurs (IEC 60747-16-1:2001)

(CEI60747-16-1:2001)

This European Standard was approved by CENELEC on 2002-02-01. CENELEC members are bound to
comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European
Standard the status of a national standard without any alteration.

Up-to-date lists and bibliographical references concerning such national standards may be obtained on
application to the Central Secretariat or to any CENELEC member.

This European Standard exists in three official versions (English, French, German). A version in any other
language made by translation under the responsibility of a CENELEC member into its own language and
notified to the Central Secretariat has the same status as the official versions.

CENELEC members are the national electrotechnical committees of Austria, Belgium, Czech Republic,
Denmark, Finland, France, Germany, Greece, Iceland, Ireland, ltaly, Luxembourg, Malta, Netherlands,
Norway, Portugal, Spain, Sweden, Switzerland and United Kingdom.

CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Europaisches Komitee fir Elektrotechnische Normung

Central Secretariat: rue de Stassart 35, B - 1050 Brussels

© 2002 CENELEC - All rights of exploitation in any form and by any means reserved worldwide for CENELEC members.

Ref. No. EN 60747-16-1:2002 E
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Foreword
The text of document 47E/200/FDIS, future edition 1 of IEC 60747-16-1, prepared by SC 47E, Discrete
semiconductor devices, of IEC TC 47, Semiconductor devices, was submitted to the IEC-CENELEC
parallel vote and was approved by CENELEC as EN 60747-16-1 on 2002-02-01.
The following dates were fixed:
— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2002-11-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow)  2005-02-01

Annexes designated "normative" are part of the body of the standard.
In this standard, annex ZA is normative.
Endorsement notice

The text of the International Standard IEC 60747-16-1:2001 was approved by CENELEC as a European
Standard without any modification.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

This European Standard incorporates, by dated or undated reference, provisions from other
publications. These normative references are cited at the appropriate places in the text and the
publications are listed hereafter. For dated references, subsequent amendments to or revisions of any
of these publications apply to this European Standard only when incorporated in it by amendment or
revision. For undated references, the latest edition of the publication referred to applies (including
amendments).

NOTE  When an international publication has been modified by common modifications, indicated by (mod), the relevant
EN/HD applies.

Publication Year Title EN/HD Year

IEC 60617-12 1997 Graphical symbols for diagrams EN 60617-12 1998
Part 12: Binary logic elements

IEC 60617-13 1993 Part 13: Analogue elements EN 60617-13 1993

IEC 60747-1 1983 Semiconductor devices - Discrete - -
devices

Part 1: General

IEC 60747-7 2000 Part 7: Bipolar transistors - -
IEC 60748-2 1997 Semiconductor devices - Integrated - -
circuits

Part 2: Digital integrated circuits
IEC 60748-3 1986 Part 3: Analogue integrated circuits - -

IEC 60748-4 1997 Part 4: Interface integrated circuits
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Publication numbering

As from 1 January 1997 all IEC publications are issued with a designation in the
60000 series. For example, IEC 34-1 is now referred to as IEC 60034-1.

Consolidated editions

The IEC is now publishing consolidated versions of its publications. For example,
edition numbers 1.0, 1.1 and 1.2 refer, respectively, to the base publication, the
base publication incorporating amendment 1 and the base publication incorporating
amendments 1 and 2.

Further information on IEC publications

The technical content of IEC publications is kept under constant review by the IEC,
thus ensuring that the content reflects current technology. Information relating to
this publication, including its validity, is available in the IEC Catalogue of
publications (see below) in addition to new editions, amendments and corrigenda.
Information on the subjects under consideration and work in progress undertaken
by the technical committee which has prepared this publication, as well as the list
of publications issued, is also available from the following:

. IEC Web Site (www.iec.ch)

. Catalogue of IEC publications

The on-line catalogue on the IEC web site (www.iec.ch/catlg-e.htm) enables
you to search by a variety of criteria including text searches, technical
committees and date of publication. On-line information is also available on
recently issued publications, withdrawn and replaced publications, as well as
corrigenda.

. IEC Just Published

This summary of recently issued publications (www.iec.ch/JP.htm) is also
available by email. Please contact the Customer Service Centre (see below) for
further information.

. Customer Service Centre

If you have any questions regarding this publication or need further assistance,
please contact the Customer Service Centre:

Email: custserv@iec.ch
Tel: +41 22919 02 11

Fax: +4122919 03 00



ccess the full version onlin

This is a free page sample. A e.
I.S. EN 60747-16-1:20028A1:20078A2:2017

INTERNATIONAL IEC
STANDARD 60747-16-1

First edition
2001-11

Semiconductor devices —

Part 16-1:
Microwave integrated circuits —
Amplifiers

Dispositifs & semiconducteurs —

Partie 16-1:
Circuits intégrés hyperfréequences —
Amplificateurs

0 IEC 2001 O Copyright - all rights reserved

No part of this publication may be reproduced or utilized in any form or by any means, electronic or
mechanical, including photocopying and microfilm, without permission in writing from the publisher.

International Electrotechnical Commission 3, rue de Varembé Geneva, Switzerland
Telefax: +41 22 919 0300 e-mail: inmail@iec.ch IEC web site http://www.iec.ch

Commission Electrotechnique Internationale PRICE CODE X
International Electrotechnical Commission
MemayHapoaHaa OnekrpotexHuueckaa Homuccua

For price, see current catalogue




This is a free7pa?e sample. Access the full version onlin
4 20

.S. EN 60747-16-1:2002&A1:2007 &A2:2017

-2- 60747-16-1 © IEC:2001(E)
CONTENTS

FOREWORD ...ttt ettt oottt ettt e e ettt e e et et e e e e et e eeaeee 4
S T o7 0 o 1= PR 5
2 NOIMAtIVE rEfEIrENCES ..ottt et e 5
I =T 1 41T 0 To] T Yo 1 PP 5
4  Essential ratings and characteristiCs.........ooii i 7
Al GBNEIAL et 7

4.2 Application related desCription..... ..o 8

4.3 Specification of the fUNCHION ... 9

4.4 Limiting values (absolute maximum rating system) ............ccoocoiiiiiiiiin e, 10

4.5 Operating conditions (within the specified operating temperature range) ............... 12

4.6 Electrical characterisStiCs..........viuuiiiiii 12

4.7 Mechanical and environmental ratings, characteristics and data............................ 14

4.8  Additional iNformation....... ..o 14

5 Measuring MeEthOAS .. ..o 14
S I € T=T o 1= = | TP 14

5.2 Linear (POWET) GAIN (Glin) e eeueeueuetiitiitieteeee e e et e e e et e e e e e e e e et e et e et e e eaeeeennes 15

5.3 Linear (power) gain flatness (AG|in) < v oeeeeeieii it 17

5.4 POWET GAIN (Gp).urvvrieeiiiiiieeiiiiii et 18

5.5 (Power) gain flatness (AGp) .. .vvvviiiiiiiiiiiiiiiiii 18

5.6 (Maximum available) gain reduction (AGrgg) -« oceeeeeeiiiii e 19

5.7  Limiting output POWET (Po(ltg)) -« - mrvrreesmmmmmrneiiiiiiia i 20

5.8 OULPUL POWET (P etuitniiteit ettt e e e e e et e et et e e e e e e e aaaas 21

5.9  Output power at 1 dB gain compression (Po(1dB)) «--««xwreerrmrrrrrermmmmrremmmmiirariiiaeans 22
5.10 NOISE FIGUIE (F) wuniiieiiie e e e e e e e e e e e e 23
5.11 Intermodulation distortion (Pp/P1) (IWO-t0N€).....ccviiviiiiiiii e 25
5.12 Power at the intercept point (for intermodulation products) (Pn(ip)) -+ oovvvveeriiininennns 27
5.13 Magnitude of the input reflection coefficient (input return loss) (Osq40) ..evveennennennt. 28
5.14 Magnitude of the output reflection coefficient (output return loss) (spo0) .............. 29
5.15 Magnitude of the reverse transmission coefficient (isolation) (Qsq20) .....oevveeneennnni. 33
5.16 Conversion coefficient of amplitude modulation to phase modulation (aiam-pwm)) ---- 34

5. 17 Group delay time (£g(grp)) -« sreereermrerreemmmnerees it 36
5.18 Power added effiCiencCy ..o 37
5.19 nth order harmonic distortion ratio (Ppth/P1) «.eeeeeeremmmmmmiii 39
5.20 OULPUL NOISE POWET (PN ) - eevuernetnattettett ettt ettt et ettt ettt e et e e e eaeennes 40
5.21 Spurious intensity under specified load VSWR (Psp/Pg) «.oveeiiiiiiiiiiiiiiiaiiiiiii 42



LS hIS a fre e7p ?e sam I c ss the fuIIve rsion onlin

47-16- &A1:20 2017

60747-16-1 © IEC:2001(E) -3-

Figure 1 — Circuit for the measurements of linear gain .............ccocoviiiiici e, 15
Figure 2 — Basic circuit for the measurement of the noise figure ............ccooii 23
Figure 3 — Basic circuit for the measurements of two-tone intermodulation distortion ............ 25
Figure 4 — Circuit for the measurements of magnitude of input/output reflection

coefficient (input/output retUrn 10SS) . ...ien i 28
Figure 5 — Circuit for the measurement of output reflection coefficient .............................. 31
Figure 6 — Circuit for the measurement of isolation ... 33
Figure 7 — Basic circuit for the measurement of O(AM-PM) -+« e rrerrrerii s 34
Figure 8 — Circuit for the measurement of the power added efficiency...............coooeiiii, 37
Figure 9 — Circuit for the measurements of the nth order harmonic distortion ratio................. 39
Figure 10 — Circuit diagram for the measurement of the output noise power ......................... 41

Figure 11 — Circuit diagram for the measurement of the spurious intensity............................ 43



6)

LS hIS a fre e7%a e sam I c ss the fuIIv rsion onlin

€ €.
-16- A1:2007&A2:2017

-4 - 60747-16-1 © IEC:2001(E)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -

Part 16-1: Microwave integrated circuits — Amplifiers

FOREWORD

The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may
participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. The IEC collaborates closely with the International
Organization for Standardization (ISO) in accordance with conditions determined by agreement between the
two organizations.

The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
from all interested National Committees.

The documents produced have the form of recommendations for international use and are published in the form
of standards, technical specifications, technical reports or guides and they are accepted by the National
Committees in that sense.

In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject
of patent rights. The IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60747-16-1 has been prepared by subcommittee 47E: Discrete
semiconductor devices, of IEC technical committee 47: Semiconductor devices.

The text of this standard is based on the following documents:

FDIS Report on voting
47E/200/FDIS 47E/204/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

The committee has decided that the contents of this publication will remain unchanged
until 2004. At this date, the publication will be

reconfirmed;

withdrawn;

replaced by a revised edition, or
amended.

A bilingual version of this standard may be issued at a later date.
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SEMICONDUCTOR DEVICES -

Part 16-1: Microwave integrated circuits — Amplifiers

1 Scope

This part of IEC 60747 provides the terminology, the essential ratings and characteristics, as
well as the measuring methods for integrated circuit microwave power amplifiers.

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 60747. For dated references, subsequent amend-
ments to, or revisions of, any of these publications do not apply. However, parties to
agreements based on this part of IEC 60747 are encouraged to investigate the possibility of
applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of IEC
and ISO maintain registers of currently valid International Standards.

IEC 60617-12:1997, Graphical symbols for diagrams — Part 12: Binary logic elements
IEC 60617-13:1993, Graphical symbols for diagrams — Part 13: Analogue elements
IEC 60747-1:1983, Semiconductor devices — Discrete devices — Part 1: General

IEC 60747-7:2000, Semiconductor devices — Part 7: Bipolar transistors

IEC 60748-2:1997, Semiconductor devices — Integrated circuits — Part 2: Digital integrated
circuits

IEC 60748-3:1986, Semiconductor devices — Integrated circuits — Part 3: Analogue integrated
circuits

IEC 60748-4:1997, Semiconductor devices — Integrated circuits — Part 4: Interface integrated
circuits

3 Terminology

3.1
linear (power) gain Gjj,
power gain in the linear region of the power transfer curve Py (dBm) = f(P))

NOTE In this region, AP, (dBm) = AP; (dBm).

3.2

linear (power) gain flatness AGjj,

power gain flatness when the operating point lies in the linear region of the power transfer
curve

3.3
power gain Gp, G
ratio of the output power to the input power

NOTE Usually the power gain is expressed in decibels.
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