TECHNICAL IEC
REPORT TR 62240

First edition
2005-06

Reference number
IEC/TR 62240:2005(E)



https://iecnorm.com/api/?name=a27006eea684814d34c2c1e6689e254d

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.

Eurther inf " IEC publicati

thus ensuring that the content reflects current technology.
this publication, including its validity, is available in the

by the technical committee which has prepared this publicat:
of publications issued, is also available from the following;

e |IEC Web Site (www.iec.ch)

e Catalogue of IEC publications

The on-line catalogue on the IEC web S|t bles you to
jcal committees

recently issued



http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/ justpub
mailto:custserv@iec.ch
https://iecnorm.com/api/?name=a27006eea684814d34c2c1e6689e254d

TECHNICAL IEC
REPORT TR 62240

First edition
2005-06

temperature rang

53

O IEC 2005 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, PO Box 131, CH-1211 Geneva 20, Switzerland
Telephone: +41 22 919 02 11 Telefax: +41 22 919 03 00 E-mail: inmail@iec.ch Web: www.iec.ch

Commission Electrotechnique Internationale PRICE CODE XA

International Electrotechnical Commission

MexayHapoaHas dnektpoTexHnyeckas Komucens For price, see current catalogue



https://iecnorm.com/api/?name=a27006eea684814d34c2c1e6689e254d

-2 - TR 62240 © IEC:2005(E)

CONTENTS

FOREWORD ...ccuiii ittt ettt et e e et e e e e e et et e e e e e e e e e e e e e e e e e et eerenns 4
INTRODUGCTION ...ttt et et e e et e e et e e e e e et e et e et e eaaeennns 6
S T o7 0 o 1= TP 7
2 NOIMaAtiVe FEfErENCES . o e 7
3 Terms and definitioNS ... e 7
N O 1o 1= o1 £ VZ= = PP
5 Us|ng devices outside the manufacturer's specified temperature rang

5.1 Device selection, usage and alternatives..............ccoc G G ANT

5.4 Device capability assessment...........ccoooiiiiii NN C O

5.3 Device quality assurance in wider temperature ranges /s....\...\.. O3 NN

5.4 Documentation ... N\ OGN N e

5. Device identification .........ccooooiiiiiiii e NN NG e N\
Annex A (informative) Device parameter re-characterisgtion .. N\&esg oo Do, 19
A.1  Glossary of Symbols............coooviiiiininn, ANDZAAV A » S0 NPT PR 19
A.2 Rationale for parameter re-chardcterisafion'...( ... s. S N 20
A.3  Qapability aSSUranCe .........co.iiiii i oD NN e e st et et et e ettt e e e et eeaae 21
A4 Quality assurancCe......ccooeevveeinei Lo NN e N e et e 28
A.5 Hactors to be considered in para eteharc S [[o] o IR FRRTNN 28
A.6 References T N e PSR SUR 30
Annex B (informativg) Stress PalanCibg N . feiiiiii e 32
= I € 1Y =T = | N 0 O N 5 2 N PP SUP 32
B.2  Glossary of SXMDOISN .. o e e 32
B.3  Stress DalamCing . e N e T e e e e e e e aeeans 33
= Vo] o [To2= N T = N (= T P P 36
= T € (= Y0 T T N PP PV 39
Annex [C (informatiye)” Parameter conformance assessment..............c.coiiiiiiiiiinncncn e, 42
Oy B € 1Y § (= = PP SUP 42
[ =T o] - o T PRI 42
Annex D (informative) Higher assembly level testing........coooiiiiiiii i, 49
D g T =Y oY = | PP 49
D PO LSS ittt it 49

Bl OG AP Y .. 52


https://iecnorm.com/api/?name=a27006eea684814d34c2c1e6689e254d

TR 62240 © IEC:2005(E) -3-

Figure 1 — Flow chart for semiconductor devices in wider temperature ranges....................... 17
Figure 2 — Report form for documenting device usage in wider temperature ranges.............. 18
Figure A.1 — Parameter re-characterisation.............cooooiii 20
Figure A.2 — Flow diagram of parameter re-characterisation capability assurance

e Yo = P 23
Figure A.3 — Margin in electrical parameter measurement based on the results of

ES =] ] o £ T (=3 P 26
Figure A.4 — Schematic diagram of parameter limit modifications................co.ccooiiis 27

Figure A-5—Parameter Re-Chraracterisation Part Quatity ASSUrance - 7 -
Figure |A.6 — Schematic of outlier products that may invalidate sample tes{j

Figure |A.7 — Example of intermediate peak of an electrical parameter:
feedbagk input threshold change for Motorola MC34261 power factox coxnt

Figure |A.8 — Report form for documenting device parameter re<Charagterisation.........}......

Figure B.1 — Iso-Tj curve: the relationship between ambie
(o [TXST1 o= |4 Yo I oo )11V oo PP NPT N (A S SO SE SR 34

Figure |B.2 — Graph of electrical parameters versus djSsipatedhpower ... \....ccoceoveeveenanfoenns. 35
Figure |B.3 — Iso-TJ curve for the Fairchild MM74HC244 \. /.. % . Nee e Yo 38
Figure |[B.4 — Power versus frequency c(i tRe Pairchild MM74HC244 ....................}...... 39
Figure |[B.5 — Flow chart for stress balanging\ .. \......N& YN i e e, 40
Figure |[B.6 — Report form for documentjrig stress.balancing .........ccoeeeeveiiiiiiiniieeee o, 41
Figure |C.1 — Relationship of temperatuye r e ents and margins.................l...... 43
Figure i METS AU -FRIAX --rrrrrrrrnnsseemerresriinesaaaeeeeesisfennns 45
Figure FlOW ...oveeieiieeeeee e 47
FigureC. meter conformance testing ....................}...... 48
Figure ID.1 — Flow chiart\of higher lexel assembly testing.........cooooviiiin b 50
Figure |D. G ing higher level assembly test at temperature

Ly =T 0 0] =T T A N N N PPN SRR 51
Table A. 3 3 ize calculation ... 24

Table AS haracterisation example: SN74ALS244 Octal Buffer/Driver ..|...... 27



https://iecnorm.com/api/?name=a27006eea684814d34c2c1e6689e254d

—4— TR 62240 © IEC:2005(E)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROCESS MANAGEMENT FOR AVIONICS -
USE OF SEMICONDUCTOR DEVICES OUTSIDE
MANUFACTURERS' SPECIFIED TEMPERATURE RANGE
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FOREWORD

nternational Electrotechnical Commission (IEC) is a worldwide organization for standardi Mmprising
ational electrotechnical committees (IEC National Committees). The obj promote
hational co-operation on all questions concerning standardization in the electhi elds. To
end and in addition to other activities, IEC publishes International Standards\Tec {fications,
nical Reports, Publicly Available Specifications (PAS) and Guides bs “IEC
cation(s)”). Their preparation is entrusted to technical committees; a E terested
e subject dealt with may participate in this preparatory work nd non-
Fnmental organizations liaising with the IEC also participate in closely
the International Organization for Standardization (ISO) in &ccorda hined by
ement between the two organizations.
ormal decisions or agreements of IEC on technical mattg rnational
bnsus of opinion on the relevant subjects since eac from all
ested IEC National Committees.
Publications have the form of recomméndation Nationa
mittees in that sense. While all reasbdpabl t of IEC
cations is accurate, for any
terpretation by any end user.
der to promote international uniformify, IEC_NationaMComiwittees undertake to apply IEC Pullications
parently to the maximum extent possible i iyergence
ben any IEC Publicatiorahd the cated in
tter.
provides no marki for any
ment declared to
ers should@
Bbility shall ch erts and
pers of its technfcal gmage or

es) and
hses arising\ out\ o her IEC
cations

icptions is

ber

Lbject of
in task of IEC technical committees is to prepare International Standards. However, a
al comm|ttee may propose the pubhcatlon of a techmcal report when it has cqllected

ard, for

example "state of the art".

IEC 62240, which is a technical report, has been prepared by IEC Technical Committee 107:

Proces

This Technical Report cancels and replaces IEC/PAS 62240 published in 2001.

edition

s management for avionics.

constitutes a technical revision.

This first
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
107/33/DTR 107/36/RVC

Full information on the voting for the approval of this technical report 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 2.

the mgintenance result date indicated on the IEC web site under "http:{/webs

The c%:mlttee has decided that the contents of this publication will remain
the data related to the specific publication. At this date, the publicatiopkwill b

* recpnfirmed;

* withdrawn;

» replaced by a revised edition, or
*+ amended.

A bilingual version of this publication may be issued /@

S

changéd until
exeg.ch" in
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INTRODUCTION

Traditionally, industries that produce electronic equipment for rugged applications have relied
on the military specification system for semiconductor device standards; and upon
manufacturers of military-specified devices as device sources. This assured the availability of
semiconductor devices specified to operate over the temperature ranges required for
electronic equipment in rugged applications. Many device manufacturers have exited the
military market in recent years, resulting in decreased availability of devices specified to
operate over wide temperature ranges. Following are some typical ambient temperature
ranges at which devices are marketed:

Military: =55 °C to +125 °C
Automotive: -40 °C to +125 °C
Industrial: —-40 °C to +85 °C
Commercial: 0°Cto+70°C

If therg are no reasonable or practical alternatives, then a4ot i ipment
manufacturers to use devices in temperature ranges tha i ified by the
device|manufacturer. This practice, properly documeted and i ctronic
equipment manufacturers to meet the design goals i

ices; to
wider

This tgchnical report gives practices
assess| their capability to operate; s
tempernature ranges. It also reports the dox
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PROCESS MANAGEMENT FOR AVIONICS -
USE OF SEMICONDUCTOR DEVICES OUTSIDE
MANUFACTURERS' SPECIFIED TEMPERATURE RANGE

1 Scope

This technical report reports processes that exist for using semiconductor devices in wider
temperature ranges than those specified by the device manufacturer.

This technical report reports on applications in which only the perform ide is an
issue. Even though the device is used at wider temperatures, the will be
limited| to those that do not compromise the system performa ppecific
reliabillty of the device in the application. Specifically, this tech port on

applicqtions that require the device to function beyond the ab X i mits of
the commponent specified by the manufacturer and with a mafgi i

NOTE Alternate means of thermal uprating may have been perfo 0L i enfation reportgd in this
technical report by the equipment manufacturer. Rationale for d 3 been valid considgring the
applicatipn, semiconductor market conditions, experience with the arlcular manufacturer, etc. at the
times thgse decisions were made. Field performance using s A may validate their use, however,
their cofptinued use should take into account t devices such as feafure size
reductions, material changes, etc.

2 Nagrmative references

The following referenced documen i 3 icati i chnical
report.|For dated referen i ' ies. , the latest
edition|of the referencex i

IEC 62P309, Pr
management plar

3 Terms and de

onents

For the
and/or|$
ranges

cal report, the following terms and definitions are used| herein
en using devices outside the manufacturers' specified tempgrature

NOTE The terms uprating and thermal uprating are being used increasingly in avionics industry discussjons and
meeting$, and-clear definitions are included in this clause. They were coined as shorthand references to § special
case of methods commonly used in selecting components for circuit design. This technical report desciibes the
methods and processes for implementing this special case. All of the elements of these processes employ existing,
commonly used engineering practices. No new or unique engineering knowledge is required to follow these
processes: only a rigorous application of the overall approach.

3.1

absolute maximum ratings

limiting values of operating and environmental conditions applicable to any semiconductor
device of a specific type as defined by its published data, which should not be exceeded
under the worst possible conditions. These values are chosen by the device manufacturer to
provide acceptable serviceability of the device, taking no responsibility for equipment
variations, and the effects of changes in operating conditions due to variations in the
characteristics of the device under consideration and all other electronic devices in the
equipment

[IEC 60134:1961, Clause 4, modified]
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3.2
ambient temperature
temperature of the environment in which a semiconductor device is operating

3.3
case temperature
temperature of the surface of a semiconductor device package during operation

3.4
circuit element functional mode analysis
documented analysis that determines minimum ranges and maximums of all functional

characjeristics of the assembly with respect to the related functional pargmeters of devices
being yprated

3.5

device| capability assessment

procesp of demonstrating that the device design is capablé i ecified
functiopality, over the wider temperature range, for the require ime, sumes
that the device has been qualified to operate within its/specified e, and
includgs additional testing or analysis to evaluate wider
tempernature range. Device capability assessment in cation-
specifi¢ reliability

3.6

devicel quality assurance over the

additiopal testing or analysis required able of
operating successfully in the required

3.7

ECMP

Electrgnic Components 1

3.8 D

semiconductor devi

electropic devicesAtt hent of
design diodes,
integraed ciretits \and tra

3.9

electrgnie 0

any itegm, fore e unit,
or system produced by an electronic equipment manufacturer

3.10

junction temperature
temperature of the active region of the device in which the major part of the heat is generated

[International SEMATECH Official Dictionary, Rev 5.0, modified]

3.1

manufacturer-specified parameter limits

electrical parameter limits that are guaranteed by the device manufacturer when a device is
used within the recommended operating conditions (see Rating)
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3.12

manufacturer-specified temperature range

operating temperature range over which the component specifications, based on the
component data sheet, are guaranteed by the component manufacturer (see Rating)

NOTE Manufacturer-specified temperature range is a subset of the recommended operating conditions.

3.13
may
indicates a course of action which is permissible within the limits of this technical report

3.14

parameter conformance assessment
procesp for thermal uprating in which devices are tested to assess thei
manufacturer-specified parameter limits over the target temperature ra

conformance to the

3.15
parameter characterisation

process of determining the typical and limiting values o
repres¢ntative samples at room and extreme temperature
temperjature range

testing
ecified

3.16
parameter re-characterisation
procesp for thermal uprating in which%the de target
temperature range, leading to a possible\re i ecified
paramgter limits

3.17

rating
value that establishes|ei 3Dili nductor
device

3.18

recom
conditi
compo

on the

3.19
shall
indicat bport
3.20
should
indicates that, among several possibilities, one is recommended as particularly suitable,
without mentioning or excluding others; or that a certain course of action is preferred but not
necessarily required; or that (in the negative form) a certain course of action is deprecated but
not prohibited

3.21

stress balancing

process for thermal uprating in which at least one of the device’s electrical parameters is kept
below its maximum allowable limit to reduce heat generation, thereby allowing operation at a
higher ambient temperature than that specified by the device manufacturer
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3.22
target temperature range
operating temperature range of the device in its required application

3.23

thermal uprating

process to assess the capability of a part to meet the performance requirements of the
application in which the device is used outside the manufacturer’s specified temperature
range (see Uprating)

3.24

upratimg

procesp to assess the capability of a device to meet the performanc of the
applicqtion in which the device is used outside the manufacturer’s specificati

NOTE TJerms such as “upscreening”, “retest”, “up-temperature testing” and other & deemed

to be subsets of or encompassed by the overall uprating process.

3.25
wider temperature range

target [temperature range outside the manufacturer
includg temperatures that are higher or lower tha
range, jor both

range. [It may
specified tempgrature

3.26
will
exprespes a declaration of intent

4 Objectives

The ob|

— to ¢nsure t i i Re”manufacturers’ specified temperature ranges is
dor j ); and

- to o0 use devices outside the manufacturers’ specified
tem documented and controlled processes that asslre the
intg

5 Usi de the manufacturer's specified temperature rangeg

Device ide’the manufacturers specified temperature range shall be selected (5.1),

their cppability assessed (5.2), and their quality assured (5.3), and documented (5.4), as

illustrated-by-the-flow-ehartefFgure—-

q

NOTE The headings of this clause are keyed to the actions and decisions of Figure 1.

5.1 Device selection, usage and alternatives

The equipment manufacturer shall design so that, initially and throughout life, no absolute-
maximum value for the intended service is exceeded for any device under the worst probable
operating conditions with respect to supply voltage variation, equipment device variation,
equipment control adjustment, load variations, signal variation, environmental conditions,
variation in characteristics of the device under consideration and of all other electronic
devices in the equipment.
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5.1.1

Alternatives

A review of alternatives shall be carried out prior to using a device outside the manufacturer’s

specified temperature range.

then it shall be selected. The results of the evaluation shall be documented.

Examp

les of potential alternatives include:

If an alternative can be shown to be reasonable and practical

— using a device specified over the required temperature range, with the identical function,

but

from a different manufacturer;

— using a device specified over the required temperature range, with the identical function,

but

a wider specified temperature range:

— usi
but

me

— using a device specified over the required temperajure

con

—  modi

—  modi

the

— mo

customer; and

-  neg
ran

For md

and no ¢
ambient

prefereng

5.1.2

The te
detail

recomr
outsidg

the ong for whichse extensiog ¥
NOTE As an examp of AN i

g a device specified over the required temperature range, with the identicalvfu

a different package'

bts the application requirement;

ifying the equipment specified/ambie
customer
Jifying the equipment operating ox mainte e procedures, in co-operation W

otiating with the deyi
pe.

st applications] the g leVice uSe in a wider temperature range shd
ecified range is least.

r the case in which the required ambient temperature
avallable If the two avallable devices have specified n

to asss the\ likelihood and consequences of potential failure mechanism
hended thatth€ device manufacturer be consulted when a device is proposed
manufacturers' specified temperature range. If the device manufacturer disco

nction,

fferent

at still

ion, and

ipn with

ith the

erature

uld be

s 92 °C,
haximum
, be given

fficient

$. It is

for use
urages

f those

the upra

ating-process ernnnn +nr\hn|r\9| reasons- I'hn user noar\le to-assess fhn |mnar\|‘
Hg-ProcesSargaig Ha

reasons against the user’s specific application.

5.1.3

Compliance with the Electronic Component Management Plan

All devices considered for use in wider temperature ranges shall be compliant with the
equipment manufacturer’s ECMP. It is necessary for ECMP requirements to be met only for
the temperature range over which the device is specified, since requirements for wider

temper

atures are provided in this technical report.

NOTE IEC 62239 is recommended as a resource for an ECMP.
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The use of devices outside the temperature ranges specified by the device manufacturer is
discouraged; however, such usage may occur if other options prove to be impossible,
unreasonable, or impractical. Justification for such usage may be based on availability,
functionality, or other relevant criteria. In no case will such usage result in a design that:

— requires the device to operate at an operating or environmental stress level that
significantly increases the risk of unstable device operation or loss of equipment function;

or

— requires the device to operate beyond the device’s maximum junction temperature or any
other limiting temperature, as specified by the device manufacturer, or calculated directly
from parameters specified by the device manufacturer.

5.2

The ag
accept
accept

5.2.1

Device
assure
that th
that to

Device

Device capability assessment

sessment of device capability needs to assure that not o
able, but also that device functionality and functionali

metrics
Uit are

hble as well. Therefore, functional testing at the applicz higher
levels @as well is recommended.
Device package and internal construction
qualification test data and other applicable data zed to
that they support the operation of the de o) ge and
e package and internal constr, s ed i gdalification is the same as
be used in the end application.
zed to
g from

assure
wider {
phase

If this
consid

5.2.2

A preli
methog

applied,

decisig

The pr
device

e risks on an application-specific basis enables “risk inf
py a prediction of the impact of critical decisions.

gsing risks should consider applicable factors associated with the
5 <beyond the manufacturers specified temperature range. Risk factors

assessment may include:

uld be

jng the

uld be
prmed”

use of
n this

— application criticality into which the device will be used,;

— consequences of failure at device, circuit and system level;

— type or technology of device under consideration;

— manufacturer data available for the device;

— quality/reliability monitors employed by the manufacturer;

— comprehensiveness of production assembly-level

temperature;

— identification of both managed and unmanaged risks and cost models for each.

screens performed at extended
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Details about the likelihood of occurrence, consequences of occurrence, and acceptable
mitigation approaches for each identified risk should be generated. Each risk normally falls

into on

e of the following categories:

— functionality risks — risks for which the consequences of occurrence are loss of equipment,
loss of mission, or unacceptable performance. Functionality risks impair the product’s
capability to operate to the customer’s specification;

— producibility risks — risks for which the consequences of occurrence are financial impacts
(reduction in profitability). Producibility risks determine the probability of successfully
manufacturing/fabricating the product (where “successfully” refers to some combination of
schedule, manufacturing yield, quantity and other factors).

mitigat

assistance to the selection of a viable approach or approaches for es

on factors. The results of a preliminary risk assessment sho

of risk

ight and

pability

of devi
5.2.21
Device over a
temper ult, re-
specify erature
range. specified paragmeters
provide ability,
multipl ication
and us
If devid rocess
descril

If deviq
in conj

in 5.3.1.

5.2.2.2

Device
that sp

of operating the device at an ambient temperature
pufacturer; and compensating by reducing at least ong

other or example, power, speed, to the extent that the j
temper its maximum rating, with acceptable specified margin.
If devig alansing is chosen for capability assessment, then the process desc

Annex

5.2.2.3

e used
scribed

above
of the
Linction

ibed in

Device parameter conformance assessment

If device parameter conformance is chosen for capability assessment, then the devices shall
be tested over the entire wider temperature range, according to the process described in

Annex

C.

Sampling procedures and failure criteria for device testing should be according to Annex C.
Where less than 100 % are sampled, then device testing also shall include testing at a higher
level of assembly over the entire wider temperature range.
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5.2.24 Higher assembly level testing at temperature extremes

Higher assembly level testing at temperature extremes consists of testing the device over the
entire wider assembly ambient temperature range, while the device is incorporated into a
higher level of assembly.

If higher assembly level testing is chosen for capability assessment, then the process
described in Annex D shall be followed.

NOTE 1 A higher level of assembly may include a module, a printed circuit card, another sub-assembly, or the
end item.

NOTE 2 The intent of 5.2.2.3 and 5.2.2.4 is to ensure that, if testing is used to assess device capability, then
each de}ice Is tested at least once over its entire wider operating ambient temperature ssembly-
level tedting results are applicable only to the design revision of the assembly. For other assembly_revisions,
additiongl testing or analysis should be performed.

The following steps shall be followed:

a) Pdrform a Circuit Element Functional device
fupctions/parameters to be tested in order to assure as i ss the
tafget ambient temperature range.

b) Rgview the assembly level test plan to determijrie its capabi Q test the pargmeters
required for successful operation in the asse bly/™ i e, and
cahnot be modified to be capable, than for the
application.

c) Cqgnduct the test, analyze the res

d) Ingert instructions in the maintena ver the
taget ambient temperature range. T action
that involves replacement of an & i at the assembly level for whjch the

uhless the maintenance manual pfovides

ad est shopfd be conducted at an assembly level at

whi done, or higher

5.2.3

Device ify devices (including reliability assessment) us|ng the
same 8 perature ranges for which they are specified. Ggnerally,
they d 3 ir products to have a guarantee of lifetime in any appl|cation,
becaus hat'the use conditions will be. Caution should be exercise when
using past ignce of\the device within the manufacturers specified temperature rgnge to
infer rgliabj e manufacturers specified temperature range

The ap device and any related impacts on reliability should be assesse(d. New
and/or accelerated failure mechanisms, which might be evident at the wider tempgrature

range’ ehr\lllrl l"\c\ r\h:v:rly |Aenhf|eﬂ anrl +hn|r Q'F'FQI‘+C on re!:ab:!:ty estab!:shed_ !f eemed

T

necessary, additional testing can be implemented to address application reliability concerns.

NOTE 1 The distribution of time that a device is actually operating beyond a device manufacturer’s specified
temperature range and the related impact on reliability need to be considered. Uprating conditions often occur only
as “corner conditions” or for specified extreme environments which are seldom experienced. Device manufacturers
should be consulted to assist in the assessment of related reliability impacts for these conditions.

The following steps shall be followed:

a) Qualify the devices according the requirements of the user’s Electronic Component
Management Plan, as specified in 5.1.2 of this technical report; qualify electrical
performance of the devices over the intended range of operating and environmental
conditions after a reliability stress conditioning exposure that reflects the life cycle of the
application; and determine a margin, supported by analysis using adequate data from the
intended application, between the maximum operating junction temperature and the
absolute maximum rated junction temperature.


https://iecnorm.com/api/?name=a27006eea684814d34c2c1e6689e254d

TR 62240 © IEC:2005(E) - 15—

b) The absolute maximum rating of the junction temperature of the device as defined in
clause 3 of this technical report, with a default margin of 20 °C should not be exceeded.
Other margins may be used if the device user has data to justify them.

NOTE 2 Device reliability can decrease as junction temperature, Tj, approaches maximum. This is a function of
time in application at that temperature. If the average Tj of the device is expected to approach maximum in the
application, the reliability impact should be addressed. Note also that many avionics applications specify a high
temperature environment in which the device is required to operate. The reliability impact on the device is not
driven by a thermal condition that is very seldom experienced.

5.3 Device quality assurance in wider temperature ranges

Regardless of the process used to assure device capability, the quality assurance processes
documented in the equipment manufacturer’'s ECMP shall be applied to the devce.

5.3.1 Device parameter re-characterisation testing

If devi¢e parameter re-characterisation (5.2.2.1) is used for capability s en the
device|quality shall be assured by testing incoming devices atcordin i mpling
plan and effective supplier change notice monitoring.

NOTE The intent of this guideline is to monitor the devices to assur surance
activity, ho changes are made in the design or manufacturing prg bffect its
capability in the wider temperature range.

5.3.2

If devi er assembly level tegting at
temper or capab assessment, then the device [quality
shall & meterconf p testing (this section), higher level
assem ' thexresults of the risk assessment i 5.2.2.
See Fi SS\ is_pfethod is used for quality assurance, the
device G g Mitially by testing all individual devices befgre use
in prog € p a ing all production equipment at the gmbient
temper

Based testing may be reduced or eliminated by satigfactory
test his j ange notice monitoring. The sampling rate, confidence
limits, ' all be-ds stated in Annex C.

ameter
quality
r level

the capability of the assembly test to validate the uprated device at the target temperature.
Assembly level tests are designed to test basic functional performance of an assembly or
device. Typically, all functions or “key characteristics” of the end product are typically verified
at the sub-assembly or end-item level. The difference between the typical case and the
process described here is that the device’s role in these functions, or “key characteristics”, of
the assembly are traced, and its capability verified by assembly test over the target
temperature range.

5.3.4 Change monitoring

Device data (such as product change notices or manufacturer data) shall be monitored to
give warning of device changes that may affect the capability of the device to operate over the
wider temperature range as established in 5.2.
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The requirement for monitoring component design and component manufacturing process
change data is no different than the related requirement in the IEC 62239 ECMP specification.

5.3.5 Failure data collection and analysis

Failure data should be collected for all uprated devices. When clear trends are evident, the
data should be analysed and corrective action taken.

Failures of devices used in wider temperature range should be analysed to establish the root
cause of the failure.

When failure js-is—-conducted shall be-documented _

54 Documentation

For eagh instance of device usage outside the manufacturers specifie range,
relevant information shall be documented and stored in a contrg )

The documented information should include:

— eqyipment in which the device is used;
— deVice identification;
— reqpired operating temperature range;
— mapufacturer-specified operating ter
— altgrnatives considered and rejected

— profess for assuring device capability i perature range (including test and
anglysis results);

— profess for assuring de irthe wigr temperature range (including tgst and
anglysis results);

— reqpired sigr{t}es
— risk assessmext re

NOTE 1| Required gigna of the responsible authorities within the equipment d¢signer’s
organisdtion and, if r e ecustomers.

NOTE 2 of K is recgmmended for use in documenting semiconductor device usage [in wider
tempera

5.5

All dev h processes shall be consistent with other industry processes.

For each instance in which a device has been determined as having met the application's
wider temperature range requirements, through parameter re-characterisation or (5.2.2.2) or
device testing (5.2.2.4), the device’s status shall be identified as having met the requirements
specified in the design activity's uprating specification. The identification requirements shall
be as specified in the design activity's uprating specification and include the design activity's
unique identifier such as the CAGE code, logo, or acronym and the part number assigned by
the design activity. For each occurrence of uprating the parts shall be separately identified as
meeting the requirements of the application. The method of identification shall enable all
relevant activities such as spares and maintenance to establish that the device has met the
requirements of parameter re-characterisation or (5.2.2.2) or device testing (5.2.2.4).

If the device is marked then marking shall be in addition to the existing/original
manufacturer's marking and be readable when the device is mounted in its application. All
markings applied shall be permanent and legible.
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Select
component

5.1 Component selection,
usage and alternatives

5.4 Documentation

Use component

T

Component
capable?

Component
capable?

5.1.2
5.1.1 G Understand 5.1.3 - YES Obtain customer
Reasonable N component and Compliant to approyal (if
alternative package ECMP required)
technology
Used within
NO.
LEe CITpETaiuTe TdiTye” ocument
alternative
a I I
A\
5.2 Capability as ssmA\
A
5.2.1 522
Assess package » A assembly
capability risk,
Y
v v \v
5223
5221 Parameter \222
Parameter .
- conformance Stress balancing
re-characterization
?{“sment

Equipment ESS,

ATP, etc.
O ‘
'y
523 523
Component Component
reliability reliability
ssured ssured
5.3 Quality assurance
Production
functional test YES
at temperature
capable of
NO \> validation YES
53.2 533
100 % Component 100 % LRU
test functional test
5.3
ECMP QA <
process
5.3.4 Monitor component change data - Quality YES
5.3.5 Collect and analyze failure data g assured
IEC 798/05

Figure 1 — Flow chart for semiconductor devices in wider temperature ranges
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WIDER TEMPERATURE RANGE DEVICE USAGE REPORT

Equipment name (if applicable) Date __

Equipment ID no. (if applicable) Program manager

Name Component engineer __

ID no. before uprate ID no. after uprate

Equipment required temperature range: Max. Min. (Ambient)

Manufacturer's specified device temperature range: Max. Min. (Ambient)

Is the device compliant to the equipment manufacturer’s electronic component management plan?

Yes _j No———

What|alternate solutions were evaluated, and why were they rejected? <4
AN

Capability assessment process: Device parameter re-characterisatign _

Is the|package capable? Device stress balancing ___

Assembly testing

™

Device testing

appliqation-specific reliability of the device?
(Refefence or attach capability assessment repert) & G

Is theldevice capable of operating in the required temperature/fange without significantly increased risk
of catpstrophic failure, unstable operation, loss of equipment ffuncfior), or adwersely affecting the

Qualify assurance process: ﬁ%‘nple plan and nitoring _

100 Wt
ice te

Is the|device’s quality aswelé&enc or}KQA Pl \{

Apprdvals / \ > 2

2\ \>
X

Figure 2 armfor documenting device usage in wider temperature ran

IEC 799/05

ges
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A1

Annex A
(informative)

Device parameter re-characterisation

Glossary of Symbols

The following terms and definitions are used in this Annex.

T

room*

T

rated-n

T

rated-n

T

req-m4g
T
Ttest-m

Ttest-mi
UL:

hax-

A

reg-mif-

n:

Room temperature (25 °C)

Maximum temperature at which part manufacturer guarantees\operatiog of a
part in accordance with the published data sheet

Minimum temperature at which part manufactu
part in accordance with the published data

ually less than Tieqlmin

manufacturer specified
er)

parameter for proper system operation

limi{ for a parameter for proper system operation

> eter value at extremes of target application
ge with UL

Required margin of tested parameter value at extremes of target application

temperature range with parameter [imit
Precision of sampling for mean of a parameter
Measurement inaccuracy

Population standard deviation

Sample standard deviation

multiplier for standard deviation (typically 3)

Mean of a population
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Part The operating temperature range over which the component specifications,
manufacturer based on the component data sheet, are guaranteed by the component
specified manufacturer.

temperature
range The range between T ,ic4-min @9 Trated-max
Target The operating temperature range of the part in its required application. This

temperature temperature range may be wider than the part manufacturer specified
range temperature range.

The range between T oq.min @and Tioq max
Test The temperature range over which a part is tested for parameter re-
tempergtare characterisation
range
The range between Tyt min @Nd Tiest-max
Equation A.1 gives the relationship of the above temperatures:
a) Tte<t -min = Treq -min < Tated -min = Troom
b) Trogm < Trated-max < Treq-max < Ttest-max Equatjon A.1
It shodld be noted that for the conditions expressd i I bove, parameter re-
characgerisation can apply for either condition a) i
A.2 [Rationale for parameter re-charast
A.21 General
The retcharacterisation p i ct the/user of the device, or a designated test
facility] It measures elegtri d_theiy variations over a target temperature range
that is [wider than that specifi ice manufacturer. Based on test results, the data
sheet parameter k ) ished,or modified if test results so indicate. It may be
necesgary to ma > anfeters for some target temperature ranges,|and to
modify|others. The ¢ 2 i ay not be appllcable to all applications. Figure A.1
illustrates the ratj :
'\

[0}

Q

o

>

3

G Parameter Parameter Manufacturer Modified

g distribution - ehistribution palqlllctcl pcldmeter

5 at manufacturer : at application limit limit

g temperature limit : temperature limit

g >

Change in
parameter
P limit

»
»

Electrical parameter (e.g. rise time) ———p
IEC 800/05

Figure A.1 — Parameter re-characterisation
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A.2.2 Assessment for uprateability

Before any testing is performed, data from all available sources should be analysed to
determine if it is reasonable to attempt parameter re-characterisation. Typical sources of such
data include users of similar devices in similar applications, test laboratories, manufacturers,
and industry organisations.

Device manufacturers’ processes assure the quality of devices within their specified
temperature limits. If they can be obtained from the device manufacturer, data from these
processes may provide insight about a device’s expected performance over the target
temperature range. Simulation models, for example, the BSIM3 model for short channel
MOSFETs, may be used to estimate the effects of temperature variation on device parameters,
and th - i

A.3 |Capability assurance

A.3.1 Description

Parameter re-characterisation is a method of thermal upra 8 part parameters
are characterised over the target temperature range, using proces 9 sed by
the deyice manufacturer for original device characteyisatio j er Ye-characterisation
is sucgessful, the device may be used in applicationsg g e-characterised para-

meters|are acceptable.

A.3.2 Parameter re-characterisat

Figure

A.3.2.1 Critical parame

gnd re-
range of the application. Ppssible
example, logic voltage dependence on|supply

All electrical parametg
characterised over
interdejpendenc

voltagg ich parameters to include.

A.3.2.2

Sampl iz¢ e e-characterisation should be sufficiently large to provide
reasonpble assuranc®.that nogral variations in the re-characterised parameters will not cause
the pdrameters t~\be owutside their re-characterised limits. The sample size shojuld be
determlined for>&a 1stance of parameter re-characterisation. To effectively assess|device
manufacturing iabWNity, multiple date codes need to be considered, with the recognition that
this mgy be application and usage rate dependent. Factors to be considered may incluge:

— number’of devices available for testing,

— types of parameters to be tested,

— target temperature,

— resources required to conduct the tests,
— desired confidence level for the results,
— desired parameter margins, and

— other factors relevant to the device and the application.

1 Figures in square brackets refer to the references given in Clause A.6.
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For each instance of parameter re-characterisation, the following information should be
included in the uprating documentation:

— process used to determine the sample size,

— statistical distribution (assumed or known) of the parameters,
— confidence level, and

— other relevant information.

@%
i
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Establish Treq-min’ Treq-max

’—b

For each part

Determine critical
parameters

Check available
information on part
uprateability

Part is not uprateable —

on-parametermean-and-population
o

standard deviation

Calculate sample size N (equation A.2) and
electrically test over Treq-min t0 Treq-max *
margin

Choose required confidence level, precision

Characteristic
is discontinuous, non-
monotonic or functional failure

found —

Increase sample Calculate copfidence
intgrval X

size/improve test
capability (equatio s A. m4)

A
<\ alculate t qunp
eawme eror Ep

onsider alternative
parts

Re-write datasheet

YES —»|
NO i
| > Circuit design
NO Functional test of
@ LRU test pass <«— LRU over operating
temperature range
YES

Accept
IEC 801/05

Figure A.2 — Flow diagram of parameter re-characterisation
capability assurance process
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In most instances, a normal distribution is assumed. For the normal distribution, the sample

size, N, is [2][3]:
Z(y X0 2
N =22 Equation A.2
E
where
E is the required precision on the parameter mean,
Z,» is the value of standard normal variable at confidence level (1 — g) x100 %, and
o is the standard deviation of the population.
In this [equation, the sample mean is within +E of the true mean, wit 1 - 0).
Table A.1 shows the results of an example calculation (standafd 5 were
obtaingd from typical device data).
Table A.1 — Example of sample siz
Precision Standard
(E) dev(iz)tion @ HPANXY o %
Propagation delay 0,2 ns O,SN \\/ / /?\ > 9 1B

Ihput current 0,005 pA \ 0\0\0&(uA \ \ \5/ )\/ 7 1P

Stipply current 0,15 pA AN 0,2\$@

7 1R

Wpriate statistics should be used.

NOTE 1
NOTE 2 gch tesp temperature has its own specific distrigution. In
practice, nless there is evidence to the contrary, |and it is
acceptal apply to all electrical test parameters af all test
temperatures.
For large samp g thirty (case 1), the confidence interval estimate of
the mepn is:
Xt Z X 0_ Equatjon A.3
+ 1_% N .
For sme ire., less than thirty (case 2), then the Student’s ¢ distribution[should
be use ce interval estimate of the mean is:
X |t x> Equatjon A.4
x —-o .
1 é N

Where s is the sample standard deviation and {;,,.\.4 is the value of the Student's t
distribution at the confidence level (1 — a) x100 % and N — 1 degrees of freedom.

A.3.2.3

Testing

Parameter re-characterisation tests should be conducted over the entire target temperature
range, and should also consider temperature margins above the maximum and below the
minimum target temperatures. During the parameter re-characterisation process, the device
absolute temperature limits should be known and understood; and exceeding any of these
absolute limits during this process should be controlled and performed only to provide
additional understanding of device behaviour. Devices used in actual applications should not

exceed

absolute maximum ratings.
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Tests should be conducted at various temperatures within the target temperature range. The
number of test temperatures, and the intervals between them, may not be the same for all
instances of parameter re-characterisation. Factors to be considered in determining the test
temperatures may include:

— device manufacturer’s specified temperature range;

— other thermal data obtained from the device manufacturer, for example, thermal conduct-
ivity, etc.;

— target temperature range;

— other uses of the test data, for example, performance derating; and

— previous relevant experience with the device

Additiopal test temperatures may be specified on the basis of t during
paramegter re-characterisation. For example, if a plot of a given pg erature
indicates the relationship may not be linear, additional tests should rmine
its exa¢t nature.

A devi cation.
Theref should
be cor evelop
softwa le, the
percent fault coverage is difficult to determine \wi [ nowledge of |device
architegture. Again, functional testing 3 i {rchi el should be considered.
Testing X e’ In either case, the eqyipment
supplig [

Prior tp parameter re-chaftasterigati E selNof requirements and limitations |on the
electrigal parameters shotld be 3 & on the
applicqtion.

Acceptpble upp@m r each
modifigd parameter.

A.3.2.4

If the es are
observ r limits
are acq sful.
A.3.2.5

Re-chgracterised parameter values include both the nominal values and their limits. The limits

are determined by combining variations due to sampling, parameter values, and test
equipment accuracy to the nominal values. Figure A.4 illustrates the method by which they
are combined.

A.3.2.51 Nominal values

The nominal value of a re-characterised electrical parameter is the value selected for use in
designing equipment with the re-characterised device. It may be constant over the target
temperature range, or it may vary with temperature in a predicted manner. Usually, the mean
value of the test results for a given parameter at a given temperature is designated as the
nominal value, although other values may be chosen if warranted.
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A.3.2.5.2 Variation

a r

Manufacture specified parameter limit 4

Parameter
Parameter margin (M) limit

difference

Measurement accuracy (Ep)

n-x s spread
P

> &\( (\\f"\ﬁ/&?ﬂéﬂi
\
/

n x s spread

Confidence interval (2 x E) %

Measurement accuracy (Ea)

IEC | 802/05

Variatipn due to ‘ s 2xE
in Figu @

Param . in Figure A.3. Usually, the standard deviation of fhe test

samplq i iations,
n, dete shown
as Ep und in
basic dt

A.3.2.9.

The paframeter margin, M, is calculated by:

M =UL -X —Ep —nXs—E Equation A.5

A.3.2.6 Parameter limit modification

If a given parameter margin is considered inadequate (M <0), then the data sheet parameter
limits may be modified to provide new limits to be used in equipment design. Parameter limit
modification begins with the selection of the required margin for a given temperature.
Potential variations calculated in A.3.2.5.1, A.3.2.5.2, and A.3.2.5.3 are added to, or
subtracted from, the nominal value of the parameter at the given temperature. If the modified
parameter values thus obtained are beyond the maximum and minimum parameter limits
determined in A.3.2.5, then the device is not uprateable through parameter re-characterisation.
Figure A.4 shows an example of the parameter limit modification process. In this example, the
new parameter limit is below the maximum allowable parameter limit, and thus acceptable.
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Table A.2 shows an example of re-characterising a 0 °C to 70 °C rated part to a —55 °C to
125 °C part.

Maximum allowable parameter limit (ULpax) " 0o nc e memmsmerme s

New parameter limit (ULnew)

A
Measurement accuracy (Ea) I

n x s spread I \

A
Precision - half of the confidence interval (E) i /

Allowable parameter margin &
Sample value mean <\\\ v
w\/ IEC 803/0f

< odifications

Tabl : SN74ALS244 Octal Buffer/Driver

Parameter ommercial limit ilitarjnlimj Measured value at Derated limit
/RN military limit (calculjted)?

toLy (ns Min. N 2,0 N 5,1 1)8
Max. [\ 10,&\ 6,0 12,8 15

ton (ns Min. 3,0 \) 3,0 6,7 1)
Max. 10) 12,0 10,2 11}t

Vou (V) Min. < 8,60, 3,50 3,75 331

VoL (V) Max. { \ 0,40 ) 0,40 0,18 o2

Iccn (MA)  Mipx 9,00 9,00 9,10 765
N{)Z\ 7,00 18,00 14,14 1860

Iocr (MA in) R 15,00 15,00 14,71 14,50
ax. 24,00 25,00 19,36 2600

3 Assunjes samé gree of errors and standard deviation at all temperatures. The margins at the commerdial
temperalture limit are™aintained at military temperature limit

A.3.3 Application capability assessment

A representative sample of the assembly containing the devices that have been uprated by
parameter re-characterisation should be tested to verify that they will perform their intended
function. The uprating process can be considered successful only if the higher level assembly
performs properly.
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A.4 Quality assurance

The ongoing quality of successfully uprated devices should be by monitoring the device
process change notices (PCN) obtainable from the device manufacturer or distributor; and by
equipment level tests over the target temperature range, plus (or minus) a margin2. Functional
testing should be sufficiently rigorous to verify all system functional requirements.

Repeat capability
assurance

Monitor PCN <

Significant change YES

LRU test over
equipment operational <
temperature range

A
Functional and safe \
requirements verified

VN
C 3 onent
I|tya S|

Component quality
not assured

IEC 804/05

A.5 ) ed in parameter re-characterisation

Data u uprateability assessments may not be an accurate indicator of eXpected
future

Simulagion,models should be used with caution. When they are made available to the|public,
they a ccurate
indicators of the analog behaviour of devices.[1] The uprateablllty assessment process should
be used only to eliminate unpromising candidate devices, and not as a substitute for electrical
testing.

Data sheets do not always list all electrical parameters. This is especially true for degradation
type parameters for example, gate current, substrate current, trigger currents for latchup, etc.
These parameters may not be important in manufacturer-specified temperature ranges, but
could be significant at target temperature ranges. When the manufacturers’ test procedures
are not available, it is difficult to measure these parameters, and they must be estimated.

2 To account for system variations, it may be advisable to test the systems beyond its specified temperature
limits. However, operating a system beyond its temperature specifications may overstress other components of
the system besides the candidate part and result in invalid failures.
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If the initial assessment indicates that any such parameters could be of concern at the target
temperature, then the revised datasheet should include limiting values for these parameters.

Some device lots may include outliers [5], which limits the efficacy of sample testing (see

Figure

-

If the

difficul
temper
missed
points
electrig

A.6).

Products subject to OIMS (Outlier

ldentific.

Number of samples

System) disposition [5]

ature intervals
. If the
may have to

al paramet

igure A.6 — Schematic of outlier p@:t t may invalidate sample testing

IEC 805/05

s. temperature curves. Likewise, if the test

tend beyond the target temperature rang:E, it is
ities within the test temperature range ay be

mohotonic behaviour, then additional tempgrature

shows an example of an intermediate peak of an
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During|initial characterisation, 5 : ! )eck for hysteresis in electrig

data,

Hystergsis may be ob ¢ e characterisation because (g
characjeristics changeprdue™No eXposure g Righ or Jow temperature, or (b) thermal equ

is not

increas If th 5
no other possi { [ iss\fourd, then the device may not be a candid
uprating.

Inflecti
should
determii 3
devicelfdilure, or & m the\effects of extreme temperatures on testing flxtures and equip

A.6

(1]
(2]

(3]

(4]

(5]
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+4,0
Ve =12V
Pins 1to 2

-12,0

Vi, voltage feedback threshold change mV

-16,0
125

but hysteresis test esting does not reveal its exi

eached. If hystgeresis S ; then dwell times at temperature sh
' damage possibilities should be investig

al parameters observed at extreme temperature
etermine if the failure type is hard or soft Also, it shg

dback

al test
stence.
) part
librium
buld be
ated. If
ate for

ranges
uld be

ment.

Micron Qnmir-nnrhmfnr’ “TN-Q0-07 — IBIS Behaviouyral I\/1nrlole’ ” 1998

Montgomery, D. C., and Runger, G. C., Applied Statistics and Probability for Engineers,

John Wiley and Sons, Inc., New York, New York, 1994.
Pfaffenberger R., and Patterson J., Statistical Methods, Irwin Publishers, 1987.

Motorola, “Data sheet of MC34261, Power factor controller,” 1996.

EIA, “EIA/JJESD 62, Outlier Identification and Management System for Electronic

Components” February 1998.
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DEVICE PARAMETER RE-CHARACTERISATION REPORT
Device description: Equipment name:
Device mfr.: Equipment part no:
Comp. mfr. part no.: Program manager:
Equipment mfr. dwg. no: Date:
1. Rated temperature range (case or ambient):
2. Usage temperature range (case or ambient):
3. Test specification No(s).

Paramretric:

Functional: /\(
4. Device date code(s): /\\ & \
5. #Sample size: \ \
6. #Functional test passed: \ \ S
7. #Functional test failed: /\ \ \\ \
8. Test date: \ \\)
9. Test results report: / ~ \
10. Approvals: /(>V/ O >

/\ \\/ IEC 807/05
Figure A.8 — Report form for do enti evice parameter re-characterisation
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Annex B
(informative)

Stress balancing

B.1 General

Stress balancing takes advantage of the power-temperature trade-off opportunity in a given
applicdtion. It requires less testing than parameter conformance assessnien ameter
re-chafacterisation, since testing is done only to confirm analytical pecific
applicdtion. See Clause 3 for the definition of stress balancing.

B.2 |Glossary of symbols

Th: Ambient temperature

Ta-max]  Manufacturer-specified maximum ambient te

T, Junction temperature

TUp-Ma(:

Thpp

Tw:

ATp:

P:

Ppin: gystem,
PMax:

PApp:

P’App on of_the deyi€e at the application limit, without margins on the Iso-
Py ¢l in power dissipation, as a result of the margin put on the Iso-
AP:

Vee

loc: QuiescentSupply current

Cpp: Power dissipation capacitance/buffer

C.: Load capacitance/buffer

f: Frequency of operation of the device

Junction to ambient thermal resistance
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B.3 Stress balancing
B.3.1 General
For active semiconductor devices:

Ty =Tp +Px8p Equation B.1

T, is the junction temperature,
T, is the ambient temperature,

P i$ the power dissipation, and

6,5 i$ the junction to ambient thermal resistance.

If the j mance
of the f some
electrig : , : ) can thus be
made | i higher
ambier ep the
junctio ih B.3.2
through B.3.7, and shown schematically in Figure B.5

B.3.2

B.3.3

The go by how
much, in the
propos

NOTE , dered in
selecting the parameters cted for
reductiof. As exam dsentially
linear fqr CMOS deyiees; r. Other
possibilifies include redu evice. It
may be mpecessary to pé

B.3.4

B.3.4.1

The gqg btween
device power

dissipationh“is plotted against the ambient temperature, keeping the junction tempgrature
constaptnThe /so-T, plot, an example of which is shown in Figure B.1, can be consfructed
using either of the two processes described in B.3.4.2 and B.3.4.3.

NOTE A generalised Iso-T curve is shown in Figure B.1. The curve is drawn for power dissipation values that lie
between the minimum power dissipation of the device (Py;,) and the maximum specified power (Py,y). To account
for inaccuracies# in the data and calculations, the curve is moved towards the horizontal axis by a suitable amount,
Tm- Tw can be viewed as the junction temperature margin. The application power (P,,,) as calculated from
the Iso-T; curve would also have a reduced value, with a margin PM as illustrated in Figure B.1. A corresponding
temperature range above the maximum operating ambient temperature (To_uayx) is thus obtained. The temperature
corresponding to Py, is the maximum temperature at which the device can be used in the application.
This is denoted by Typ.max- As such, the area bounded by Pyay — Pwin — | = I' is the uprated operating area.

3 Derating is the practice of limiting thermal, electrical or mechanical stresses on electronic parts to levels below
the manufacturer’s specified ratings. As the term is used here, it may be said that we derate one or more
parameters in order to uprate a component.

4 The inaccuracies may be in the calculation of power dissipation, in the determination of the thermal
characteristics of the part and due to unavailability of accurate thermal resistance of the part.
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Combinations of power and temperature values in this area correspond to junction temperatures lower than that
established by the Iso-T; Curve with margins | — I'.

B.3.4.2 Constructing the Iso-T; curve using thermal resistance

If Equa

tion B.1 is modified as follows:

Tp =—@0)p P + T, Equat

ion B.2

then a plot of power dissipation vs. ambient temperature yields a straight line with slope —8),.
If the line passes through the point (Ta_paxs Pmax). where Py, is the maximum power

dissipa

tion specified by the manufacturer at the specified maximum operating a

mbient

temper

NOTE
include
factors
devices,
surround
them cal
mechani
best infg
data we
used. Th
the devsg

Ambient temperature

ature, Tpo_yax then it is called the Iso-T curve.

lopment process.

A

7—U p-Max

Tapp

TaA-Max

Curve with\

margins

N E Py

A sheets

ing surfaces. Most of these factors impact the thermal |mpedance from ot all of
h be modeled accurately early in the design process. R ical and
cal designers should work together to determine the thermal € ppl|cat|on Jsing the
rmation avallable Whenever possmle the test or simulation_conditj \ i : thermal rgsistance

data are
later in

DS
\ A \ >
Phtin Papp ~ P'app Phax
Power dissipation IEC 808/05

Figure B.1 — Iso-T; curve: the relationship between ambient temperature
and dissipated power

B.3.4.3 Constructing the Iso-T curve using thermal analysis

Thermal simulation software may be used to evaluate the performance of the device in the
application, provided that its range of applicability includes the required app
temperature, power, etc. Typical steps of stress balancing may be:

a) Develop a thermal model of the device.

lication
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nduct thermal simulation using the device as the ‘device under test’

in the

manufacturer’s thermal test setup. The model is valid if the device thermal simulation
compares satisfactorily with the thermal data provided by the manufacturer.

c) Model the application environment with different values of power dissipation within the
device.

d) Develop the power/ temperature relationship from the application thermal model.

NOTE The value of thermal resistance also varies with power dissipation and temperature. This is accounted for
in thermal simulation, but not in the simplistic single parameter approach described in B.3.4.2, which assumes 6,
to be constant for the temperature and power dissipation range under consideration. The Iso-T, curve obtained by
thermal analysis or simulation therefore may not be linear, and the thermal characterisation obtained in this

subclaus

e is likely to be more accurate.

B.3.5

If the :Iiequired maximum system temperature is lower than Ty, 4

uprate

TUp_Ma(, then the required power dissipation is lower than P,
considered.

A horigontal line drawn through the required ambig
intersefts the Iso-T; curve at a power dissipation v
maximpym power (PApp) that the device is allowed {c
All selected electrical parameters are then modified
below P

Assess applicability of the method

by stress balancing. If the required maximum system .tem

application tempsg
e device power disg

| axis)
to the
rature.
ipation

wer for
al line
alue of
alue of

tlectrical

hould be

App-
B.3.6 Determine the new parametervalue
Figure|B.2 shows a generalized plot of a ectrica ameter vs. the dissipated po
the “allowable” range ¢ Rations between Py, and Py, The vertic
corresponds to the application isSipation, P App: of the uprated device. The v
the electrical parametera ine intersects the vertical axis is the V|
the eleftrical pararete
NOTE The changes e
parametgrs of the devicé plenf theNsupply voltage of an operational amplifier is reduced, its flrequency
range at
taken inf

Electrical‘parameter

Y

PMin PApp PMax

Power dissipation IEC 809/05

Figure B.2 — Graph of electrical parameters versus dissipated power
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Conduct parametric and functional tests

After successful completion of steps B.3.2 through B.3.6, parametric and functional tests are
performed at the target application temperature, using the new values of electrical parameters.

done to

a) ensure that the device and the system operate satisfactorily with the newly calculated

This is
co
b) ve

nditions;

rify that the device will operate successfully in the new conditions;

c) check for discontinuities and changes in parameter trends in the vicinity of the extreme
target application temperature; and

d) chp

se

The tes
satisfy| i

functio

considé

NOTE 1

confidenfce testing, and variations in the parameter values. The te

is consi
success

NOTE 2
reached
equilibri

B.4

B.4.1

This example is prese
"Stresg Balancing; A

Tempe

proces
and th
3-state)
device
is avai
supply
65 °C
maxim

limit) i 360 MW. For this example, assume that the digital logic levels of the system arp
(minimb

B.4.2

ected derated parameters from B.3.4.

Tests on devices and systems typicall ict ation tQ allow thermal equilibrid
It may therefore be necessary to powe S
m prior to testing.

Application example

General

rature R "

he maximum application ambient temperature is

¢ , used to buffer a bus before connecting to input or
Y wJOgic dexice rated for —40 °C to 85 °C ambient temperature rang

i gual-in-line package. The data sheet recommends operatig
, 4 5 V or 6 V. Absolute maX|mum ratlng for power dissipad

Im power o ipation of the device at 85 °C (maximum operatmg ambient temp

margins,
e device
operate

m to be
thermal

paper:
ecified

ancing
85 °C

enht temperature is —40 °C. The MM74HC244 is aph octal

output
je, and
n at a
tion at
hat the
erature
4.4V
=6 V.

|m) for high and 0 1 \/ (movimllm) forlow EFrom thg datg chaat thic roquiroc \/L,
o —Hg—aRea—u—+——HdHdsH+o—oW—ro—tHe—aata—SsHee+H—++HSFegutHHe8s5—

Determine the ambient temperature extremes

The system ambient temperature range is —40 °C to +85 °C, however it is assumed that a
15 °C temperature rise occurs from ambient outside the equipment to ambient temperature
near the device, due to internal heating effects while the equipment is operating. This results

ina-4

0 °C to +100 °C ambient temperature environment for the device.
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B.4.3

Select the parameters that can be derated

CMOS devices typically have negligible quiescent power consumption compared to the power
dissipation during switching. The power dissipation (P) of a CMOS device is given by the
equation:

P =(Cpp +CL )\Voc” f+Vee lee Equat

Cpp is the power dissipation capacitance,

C_ s the load capacitance,

ion B.3

f is
lcc i

9

data sheet.

From Hquation B.3, power dissipation ¢an § her by reducing the supply vo:Ege or
the ope¢rating frequency. | hange in Vi will directly affect the
logic Igvels of the systen ed. Thus in this example, the opferating
frequency is reduced fro ) he frequency at a power dissipgtion of
360 m\V, at Voo =6 ssumed that the system requirement is [for the
device|be operat an 3,5 MHz. This means that the minimum power
dissipation is 1

NOTE tance, C, may not be known precisely. The primary cgntributor
to load dapacitance ip’dig I logic ci e capacitance added due to the PWB when the devices are finstalled.
A consegfvative max guld be made for calculating the power dissipation. After the PWB
design i be re-substituted into Equation B.3 to obtain a better estimate

B.4.4

An lIso-T; cuye)for\the” MM74HC244 plotted from the Fairchild data sheet, is shpwn in
Figure [B.3. The ified maximum power is 360 mW at a maximum ambient tempergture of
85 °C, sorthe’ curve Passes through the (360 mW, 85 °C) point.

5 the switching frequency,
b the quiescent supply current, and
b the supply voltage.

ne Fairchild data sheet:

0 pF/buffers, and

s&d for test condition

5 in the

B.4.5

Determine whether or Not the device can be uprated

The minimum power at which the buffer can operate in the system is calculated as 100 mW
(see B.5.2). The slope of the Iso-T curve is —83,3 °C/W (corresponding to —12 mW/°C power
derating), which is higher than the thermal resistance value quoted by Fairchild for this device
(61 °C/W). The maximum ambient temperature at which the device can be uprated (TUp_MaX)
is 106 °C. At the maximum application ambient temperature (100 °C), it is observed that the
new power value is 170 mW. The device can thus be operated at 100 °C, if the

dissipa

tion is kept below 170 mW.

5 |t should be noted that there are eight buffers in the MM74HC244.

power
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120 :
/ Iso-T; curve using 83,3 °C/W slope
110 A
100
o Target application
° Ta =100 °C
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w Rated Max Tp = 85 °C
g
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IEC 810/05
Figure

B.4.6 Determine t

As sp€cified in 3
100 m\\V and the Xj
frequency is plotted
sheet yalues and app

stem is
erating
e data

onB.4
Figure s, with

From Figare B.4, the frequency is 6 MHz at 170 mW. Thus the device can be used at an
ambienttemperature of 100 "C, If the frequency is maintained at (or below) 6 MHZ. This value
may be further derated, depending upon the equipment manufacturer’s design practices.

NOTE A relatively simple logic device is used in this example. For more complex devices, the assumption that the
maximum operating junction temperature is the average temperature across the die surface may not be accurate,
due to hot spots. When possible, this type of information should be requested from the device manufacturer; or an
increased margin above the junction temperature maximums plotted from Figure B.1 should be used.
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B.4.7 Conduct parametric and functional tests

Normally, the device is tested at T,_y;,4 t0 ensure that the device will operate satisfactorily in
the required environment.

8
1,00 x 10
VCC =6 /

Value of frequency at rated maximum
N Ta, 85 °C =13 MHz (
e s S A S O N A A
> 7
o' 1,00 x 10 A
5 New value of
=] frequency = 6 MHz
ol | e e e e o e e
o
L

‘Assumed minimum frequency of

the buffer required (or can be tolerated)

by the system = 3,5 MHz

! Rated*power dissipation
Calculated minimum 2 rated maximum T,
6 power* =100 mW 85 °C = 360 mW
1,00 x 10"

10 1400

IEC 8]1/05

Figure B.4 — Power versus fré Far the Fairchild MM74HC244

B.5 |Other notes

B.5.1 Margins

The ambient te p ancing
are manufacturersspecifie d value
of powgr dissipatio in (Py)
in calctylating th to compensate for inaccuracies in thermal mgdeling,
value ¢ 3 - perature near the device in the application. The|device
electrig L are calculated from the derated value of power dissipation,
should|alg g i derating. This is to accommodate the errors inherent in the pfocess;
howevet ad ions need to be taken while using this process

If a pa i Rass ail test is used to test the devices after stress balancing analysis, the
test sh ied out at the target application temperature plus an appropriate fhermal
margin} Mis will ensure that some margins exist at the target application temperature.

B.5.2 Cautions and limitations

Although stress balancing appears to be straightforward, there are certain hidden difficulties.
Data sheet junction temperature limits should be used with extreme caution for calculations in
stress balancing, because they do not reflect the maximum junction temperature at which the
device would operate. Thermal resistance values of a device are application dependent.
If they are used to construct the Iso-T; curve, thermal validation by test or analysis should
also be done.

The power dissipated by the device is the power that is lost as heat, and is not the same as
the output power. For CMOS devices, all the power drawn by the device is dissipated,
because the output current is negligible. However, for certain devices, data sheets may list
only output power. The dissipated power will have to be calculated from additional data
obtained from the manufacturer.
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Stress balancing can be used for uprating devices above the rated maximum
temperature limit only. The relationship given in Equation B.2 does not apply to evaluating
devices for use below the manufacturer-minimum specified temperature limit. Other methods
like parameter re-characterisation may be used for operation of devices below the specified
temperature range.

B.4.2

Determine Ta-max
in the application

A
B.4.3
Select parameters
that can be
derated

v

B.4.4
Construct an

Iso-T;
plot

plokz_o)th
uprating method
cho ther

.
&om ponent

component
using derated
parameters at

TA-max

IEC 812/05
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DEVICE STRESS BALANCING REPORT

Device description: Equipment name:
Device mfr.: Equipment part no:
Comp. mfr. part no: Program manager:
Equipment mfr. dwg. no: Date:
1. Rated temperature range (case or ambient):
2. Usage temperature range (case or ambient): Q x
3. Test specification No(s).

Parametric:

Functional: <\ \
4. Parameter(s) chosen for derating: /\ N\ >
5. Iso-T, plot (please attach separate sheet) \/ ;>
6. Amount of margin (or derating) be|OWJ nctio te peratire

maximum to be used:
7. Power dissipation |Wpe}@§ter
8. Derated value ofgww
9. Verificatione agre W|th alcupated value (document

results and h):
10. Approva \>

Fi B.6 — Report form for documenting stress balancing

IEC 813/05
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Annex C
(informative)

Parameter conformance assessment

C.1 General

Device parameter conformance assessment consists of evaluating electrical parameters at
target thermal test points that are higher or lower than the manufacturers$’ specified_fatings.
For thjs uprating method, the specifications, conditions, and test Ajmits usegdy-qre the
manufgcturers published data sheet parameters.

The following references to statistical methods are suggested.as\tools inlng the
statistigal confidence in the options listed in this annex.

Montgamery D. C., and Runger G. C., "Applied Statistics & " John

Wiley gnd Sons, Inc., New York, 1994

Pfaffenberger R., and Patterson J., "Statistical Metho

]

Ireson [G., "Reliability Handbook," 196

C.2 ([Test plan

C.21 General

A test
and n
assess|

equired tests, process steps, test me¢thods,
s a flow diagram of parameter confofmance

C.2.2

All criti g s”should be identified, and values obtained frgm the
manufa sy blist a\sheet. Ideally, all electrical parameters should be [tested;
howev is\i S s pesSible or practical. For example, it may be difficult to copduct a
compl jonal\test \if the applicable test program is not available from the [device
manufact ) cturer’s specified test parameters (with the exception of the test
tempe tai should be used as device performance specifications for parameter
conformance assessment.

c.2.3 Tgin

Factors to be considered in developing the test plan for parameter conformance assessment
are the specified temperature range of the device, the target temperature range, and previous
experience with the device. The test plan should include the temperatures at which tests are
conducted, and the test sample size for each temperature. Target temperature information
may be obtained from the initial assessment of the equipment environmental requirements
and the results of thermal analysis. If so indicated by the initial assessment and thermal
analysis, fluid dynamic conditions, such as air speed and direction, should be considered in
determining the target temperature and test conditions. All available thermal environment data
should be used to calibrate the test equipment to represent the application environment. The
type of temperature specification, for example, ambient, case, or junction, should be
considered in selecting the test temperature range. The accuracy of the thermal assessment
method and the test also should be considered.
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