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The main‘task of IEC technical committees is to prepare International Standards. Howe
technical committee may propose the publication of a technical report when it has col

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROCESS MANAGEMENT FOR AVIONICS - ELECTRONIC
COMPONENTS CAPABILITY IN OPERATION -

Part 1: Temperature uprating

FOREWORD

Theg International Electrotechnical Commission (IEC) is a worldwide organization for standardizatien con
all |national electrotechnical committees (IEC National Committees). The object of IEC cis\to p
intgrnational co-operation on all questions concerning standardization in the electrical and electronic fig
thisl end and in addition to other activities, IEC publishes International Standards, Technical Specifig
Tedhnical Reports, Publicly Available Specifications (PAS) and Guides (hereafteryreferred to a
Puljlication(s)”). Their preparation is entrusted to technical committees; any IEC National"\Committee int
in fthe subject dealt with may participate in this preparatory work. International, | governmental an
governmental organizations liaising with the IEC also participate in this preparation) IEC collaborates
witl) the International Organization for Standardization (ISO) in accordance <with conditions determi
agrgement between the two organizations.

Thg formal decisions or agreements of IEC on technical matters express, as_pearly as possible, an interr]
consensus of opinion on the relevant subjects since each technical «cammittee has representation f
intgrested IEC National Committees.

IEQ Publications have the form of recommendations for international use and are accepted by IEC N
Committees in that sense. While all reasonable efforts are madesto ensure that the technical content
Publications is accurate, IEC cannot be held responsible{forvthe way in which they are used or
misjnterpretation by any end user.

In ¢rder to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publi
trarjsparently to the maximum extent possible in their national and regional publications. Any divg
betyween any IEC Publication and the corresponding(national or regional publication shall be clearly indig
thellatter.

IEQ itself does not provide any attestation -of/conformity. Independent certification bodies provide con
assessment services and, in some areas, -access to |[EC marks of conformity. IEC is not responsible
seryices carried out by independent certification bodies.

Al

No [liability shall attach to IEC or'its directors, employees, servants or agents including individual expe|
members of its technical committees and IEC National Committees for any personal injury, property dan
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feq
expenses arising out of ‘the" publication, use of, or reliance upon, this IEC Publication or any oth
PuRlications.

isers should ensure that they have-the latest edition of this publication.

Attention is drawn {o ‘the Normative references cited in this publication. Use of the referenced publica
indispensable forthe“correct application of this publication.

Atténtion is drawn to the possibility that some of the elements of this IEC Publication may be the su
patent rights.NEC shall not be held responsible for identifying any or all such patent rights.
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data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC TR 62240-1, which is a Technical Report, has been prepared by IEC technical committee
107: Process management for avionics.

This second edition cancels and replaces the first edition published in 2013. This edition
constitutes a technical revision. This edition includes the following significant technical
changes with respect to the previous edition:

a) Revised the wording in 4.1 and the corresponding Figure 1 to reflect current industry

practices.
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The text of this Technical Report is based on the following documents:

CDTR Report on voting
107/313/DTR 107/322/RVDTR

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

in the

A lisf of all parts in the TEC 62240 series, published under the general ftitle Pn
management for avionics — Electronic components capability in operation, can be fou
the IEIC website.

ocess
nd on

The cpmmittee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" inthe data related to

the sgecific document. At this date, the document will be

e regonfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indigates

that [it contains colours which are ‘considered to be useful for the co
understanding of its contents. Users_should therefore print this document usi
colour printer.

rrect
ng a



http://webstore.iec.ch/
https://iecnorm.com/api/?name=abbb5fdfa2f60706b7416d70109facb1

IEC TR 62240-1:2018 © IEC 2018 -7-

INTRODUCTION

Traditionally, industries that produced electronic equipment for ADHP (aerospace, defence
and high performance) 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 ADHP applications. In the
past, several device manufacturers have exited the military market, resulting in the decreased
availability of devices specified to operate over wide temperature ranges. Following are some
typical ambient temperature ranges at which devices are marketed:

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

equipfment manufacturers to use devices at temperature ranges”that are wider than |those

If the]: are no reasonable or practical alternatives, then a potential4esponse is for eleqtronic
specified by the device manufacturer.

This gocument provides information on selecting semiconductor devices, assessing| their
capalility to operate, and assuring their intended quality in the wider temperature ranges. It
also rgports the need for documentation of such usage:

This [can be supported by exchanging technical information with the original device
manufacturer.

Operdtion of the device beyond the manufacturer’s limits can result normally in Idss of
warrahty by the device manufacturer.
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PROCESS MANAGEMENT FOR AVIONICS - ELECTRONIC
COMPONENTS CAPABILITY IN OPERATION -

Part 1: Temperature uprating

art o ,_WhICch Is a technical report, provides Information when
semicgonductor devices in wider temperature ranges than those specified by thetq
manufacturer. The uprating solutions described herein are considered exceptions,)wh

using
evice
en no

reasohable alternatives are available; otherwise devices are utilized within the mranufacfurers’

specifications.

The téerms “uprating” and “thermal uprating” are being used increasingly/in avionics in
discugsions and meetings, and clear definitions are included in Clause-3. They were @
as shorthand references to a special case of methods commonly dséd in selecting eleo
compepnents for circuit design.

This document describes the methods and processes for ifplementing this special ca
thermpl uprating. All of the elements of these metheds~and processes employ ex
commonly used best engineering practices. No new ‘or unique engineering knowled
needqd to follow these processes, only a rigorous application of the overall approach.

Even [though the device is used at wider tempgratures, the wider temperatures usage V
limited to those that do not compromise applications performance and reliability, partig
for dejvices with narrow feature size geometries (for example, 90 nm and less). This doc
does |not imply that applications use the, device to function beyond the absolute max
rating|limits specified by the original device manufacturer and assumes that:

— dgvice usage outside the original device manufacturers’ specified temperature ran

justry
oined
tronic

se of
sting,
ge is

vill be
ularly
iment
imum

jes is

dgne only when no reasonable alternative approach is available and is performed with

appropriate justification;

it is necessary te.Uuse devices outside the original device manufacturers’ spg
temperature ranges,) it is done with documented and controlled processes that 4
infegrity of the electronic equipment.

2 Normative'references

The following documents are referred to in the text in such a way that some or all o
contept\constitutes requirements of this document. For dated references, only the ¢

cified
ssure

their
dition

cited applies. For undated references, the latest edition of the referenced document (including

any amendments) applies.

IEC TS 62239-1, Process management for avionics — Management plan — Part 1: Prepa
and maintenance of an electronic components management plan

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ration
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ISO and IEC maintain terminological databases for use in standardization at the following

addre

Sses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1.1
absol

ute maximum ratings

limiting values of operating and environmental conditions applicable to any semiconductor
device of a specific type as defined by its published specification data, which should not be
exceeded under the worst possible conditions

[SOU

3.1.2

ambient temperature

tempe
3.1.3
case

tempe

3.1.4

circuit element functional mode analysis

docun
chara
being

3.1.5
COTS

commercial off-the-shelf product

one (g

stand

whosg design and/or configuration is-controlled by the manufacturer’s specification or in
brd
to entry: COTS products can include electronic components, subassemblies or assemblies, or tg

Note 1
assem
drives,
arrays,

[SOU

3.1.6
devic

RCE: |EC 60134:1961, Clause 4]

rature of the environment in which a semiconductor device is operating

femperature
rature of the surface of a semiconductor device package during operation

nented analysis that determines minimum ranges and maximums of all fung
cteristics of the assembly with respect to the related functional parameters of d¢
uprated

product

r more components, assembled®and developed for multiple commercial consu

lies. Electronic COTS.subassemblies or assemblies include circuit card assemblies, power supplig
and memory moduleS:\Top-level COTS assemblies include a fully integrated rack of equipment such
file servers to indjvidual switches, routers, personal computers, or similar equipment.

RCE: |ECyFS 62668-1:2016, 3.1.3]

e capability assessment

proce

tional
bvices

mers,
justry

p level
5, hard
as raid

5S\0f demonstrating that the device design is capable of providing the spd

cified

functionality and operation over the wider temperature range, for the required length of time

Note 1

to entry: It assumes that the device has been qualified to operate within its specified temperature

range,

and includes additional testing or analysis to evaluate expected performance at the wider temperature range.

Device

3.1.7

capability assessment includes both performance and application-specific reliability.

device quality assurance over the wider temperature range
additional testing or analysis required to assure that each individual device is capable of
operating successfully in the required wider temperature range

3.1.8

device

comp
mater

onent
ial element or assembly of such elements intended to perform a required function
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to entry: A device may form part of a larger device.

2018

[SOURCE: IEC 60050-151:2001, 151-11-20, modified — The term "component" has been
added as a synonym to "device".]

3.1.8.1

semiconductor device
electrical or electronic device that is not subject to disassembly without destruction or
impairment of design use

Note 1

to entry: It is sometimes called electronic part or electronic piece part or component or electronic
component. Examples are diodes, integrated circuits, and transistors.

3.1.9
electn
any it

system produced by an electronic equipment manufacturer

3.1.1(
envir
ESS

highl
HASS
set off
limits
manu
in all

[Sour

3.1.11
highl
HAT
highl

onic equipment
em, for example end item, sub-assembly, line-replaceable unit, shop-replaceable u

bnmental stress screening

) accelerated stress screening

production process tasks consisting in applying to the equipment concerned, with
permitted by its design, particular environmental stresses in order -

acturing — to reveal and eliminate the largest possible number of extrinsic defects
brobability, would have appeared once utilisation*had begun (early life failures)

y accelerated test

y accelerated life test

HALT]

and/o
speci

NOTE
stressg
the san

[Sour
in the

test dfring which the product ofisome of its component parts are subjected to environn

operating stresses that are increased progressively to values far in excess
ied values, up to the operating and/or destruction limits of the product

The rise in exposure’time or number of cycles, whether or not associated with a combination of
s raised to values close to or equal to the specification (or stresses whose nature is not specified) mg
he targets as.these of the highly accelerated tests, as defined in this document.

ce: IEC.TS 62500:2008, 2.10, modified — The second term, HALT, has been adde]
note-"technical specification" has been replaced by "document".]

ce: |[EC TS 62500:2008, 2.8, modified — The’second term, HASS, has been added|

nit, or

in the
juring
which,

[—

hental
bf the

certain
y meet

d and

3.1.12

juncti

on temperature

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

[SOURCE: SEMATECH Dictionary of Semiconductor Terms:2012]

3.1.13

manu

facturer-specified parameter limits

electrical parameter limits that are guaranteed by the device manufacturer when a device is
used within the recommended operating conditions

3.1.14

manu

operating temperature range over which the component specifications,

facturer-specified temperature range

component data sheet, are guaranteed by the electronic component manufacturer

based on the
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Note 1 to entry: Manufacturer-specified temperature range is a subset of the recommended operating condi

3.1.15

parameter conformance assessment
process for thermal uprating in which devices are tested to assess their conformance to the
manufacturer-specified parameter limits over the target wider temperature range

3.1.16

parameter temperature characterisation
process of determining the specification values of electrical parameters by testing samples
over the manufacturer’s specified temperature range

tions.

3.1.1

proceps for thermal uprating in which the device parameters are re-defined as|a res
testing performed

3.1.1¢§

PCB assembly uprating

CCA uprating

uprating of a printed circuit board or circuit card assembly populated with indi
comppnents, some or all of which are operated at temperatures beyond their data

paran

3.1.1¢
rating
value

devic¢

3.1.2(

recommended operating conditions

condif
comp

3.1.21
stres
proce
below
highe

3.1.272
targe

operalingtemperature range of the device in its required application

paralieter temperature re-characterisation

eters

that establishes either a limiting capability 0t a limiting condition for a semicon

ions for use of the component for which the component specifications, based ¢

bnent data sheet, are identified by the electronic component manufacturer
5 balancing
5s for thermal uprating‘in which at least one of the device’s electrical parameters i

its maximum allowable limit to reduce heat generation, thereby allowing operatio
ambient tempeérature than that specified by the device manufacturer

temperature range

ult of

vidual
sheet

Huctor

n the

5 kept
n at a

3.1.23

thermal uprating
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
Note 1 to entry: Terms such as “upscreening”, “retest”, “up-temperature testing” and other similar variations are
subsets of or encompassed by the overall uprating process.

3.1.24

wider temperature range

target

temperature range outside the manufacturer-specified temperature range
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Note 1 to entry: It may include temperatures that are higher or lower than the manufacturer-specified temperature
range, or both.

3.2 Abbreviated terms

ADHP aerospace, defence and high performance

AQEC aerospace qualified electronic component

ATP acceptance test procedure

CAGE commercial and government entity

CCA circuit card assembly

COTS commerical off-the-shelf

CMO$ complementary metal-oxide-semiconductor

ECMH electronic components management plan

ESD electro-static discharge

ESS environmental stress screening

HALT highly accelerated life testing

HAT highly accelerated test

HASS highly accelerated stress screening

ID Identification

PCB printed circuit board

PCN process change notice

PPM parts per million

SD sigma deviation

QA quality assurance

4 Sglection provisions

4.1 |General

Selection provisions are described below.

The ]I]ow chart of Figore 1 describes a typical approach for using devices outside the
electrpnic componehty manufacturer’s specified temperature range, by considering| their
selecfion (4.2), their- capability assessment (4.3), their quality assurance (4.4 and 4.5) and

their documentation (4.7).

The yse (©f,devices that operate outside the temperature ranges specified by the device
manufacturer is discouraged; however, such usage can occur if other options prove [to be
impossi 3 e; i icat: Hicat R A

availability, functionality, or other relevant criteria.

Such operation is not cause for unstable part operation or loss of electronic equipment
function nor is the device to be operated beyond its absolute maximum data sheet ranges (for
example maximum junction temperature).

The electronic equipment manufacturer uprating the component utilizes a process to
demonstrate that the component will meet reliability and lifetime requirements of the ADHP
application.

Additionally, operation of the device beyond the electronic component manufacturer’s limits
can result normally in loss of warranty by the device manufacturer.

NOTE The headings of Clause 4 are keyed to the actions and decisions of Figure 1.
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Figure 1 — Flow chart for semiconductor devices over wider temperature ranges
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4.2 Device selection, usage and alternatives
4.2.1 General

The electronic equipment is designed and devices are selected so that, initially and
throughout electronic equipment life, no absolute maximum value for the intended service is
exceeded for any device under the worst probable operating conditions.

Operating condition examples include the following: supply voltage variation, electronic
equipment device variation, electronic equipment control adjustment, load variations, signal
variation, environmental conditions, and variation in characteristics of the device under
consideration and of all other electronic devices in the electronic equipment

4.2.2 Alternatives

A revaew of alternatives is to be performed prior to using a device outside the manufactfurer’s
specified temperature range. If an alternative can be shown to be reasonable and praftical,
then if is selected. The results of this evaluation are then documented.

Examples of potential alternatives include:

— ugling a device specified over the required temperature range) with identical functiop, but
frgm a different manufacturer;

— usling a device specified over the required temperature fange, with identical function,|but a
wider specified temperature range. Examples ,include: AQEC (aerospace qualified
eleéctronic components according to IEC TS 6256451), automotive grade specified dejices,
or(other extended range specified devices;

— ugling a device specified over the required temperature range, with identical function,|but a
different package;

— usling a device specified over the required temperature range, that has slightly different
specified parameter limits, but which (still meets the electronic equipment design goals;

— usling a device with identical function, but a specified temperature range that still nmeets
the application requirement;

— usling a device specified overthe required temperature range, but with a different furfction,
and compensating by making changes elsewhere in the electronic equipment design;

— medifying the device’silocal operating environment, for example, adding cooling, etc.

— mgedifying the electronic equipment's specified ambient temperature requirement, |n co-
operation with the customer;

— modifying the" electronic equipment's operating or maintenance procedures, ip co-
operation\with the customer; and

— ndgoatiating with the device manufacturer to provide assurance over the wider temperature
rangeé.

For most applications, the preferred device for use in a wider temperature range is the one for
which the extension beyond the specified range is the least, i.e., upon making the decision to
uprate a given manufacturer’'s part and if the manufacturer offers the device in various
temperature ranges, then the widest temperature range is selected. For example, given the
choice to uprate a manufacturer part available in a commercial temperature range (0 °C to
70 °C) versus the same device available in industrial grade (—40 °C to 85 °C) or automotive
grade (—40 °C to 125 °C), then the device having the widest range is selected.

4.2.3 Device technology

The technology of a device and its package are to be identified and understood in sufficient
detail to assess the likelihood and consequences of potential failure mechanisms. If available,
manufacturer data, information and/or guidance are collected at the onset.
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4.2.4 Compliance with the electronic component management plan

All devices considered for use in wider temperature ranges are to be compliant with the
electronic equipment manufacturer’'s ECMP.

NOTE IEC TS 62239-1 is a resource for an ECMP.
4.3 Device capability assessment
4.3.1 General

The assessment of device capability needs to assure that not only are device parameters
acceptanie, DUt also that aevice Tunctuonality anda tunctonality or the refated CITCUTt appn,ation
are apceptable as well. Therefore, functional testing at the application or higherplevels is
reconimended.

4.3.2 Device package and internal construction capability assessment

Device qualification test data and other applicable data when available @re’to be analysed to
assureg that:

a) thpy support the operation of the device over the end use temperature range and thjat the
pgdckage and internal construction type used in device qualification is the same as that to
bg used in the end application;

b) the package and internal construction can withstand ‘the stresses resulting from |wider
temmperature cycling ranges, and that the package—tnaterials do not undergo deletgerious
phHase changes or changes in material properties<dn the wider temperatures.

If data are not available, then relevant testing based on the application is to be considergd.

4.3.3 Risk assessment (assembly level)

A preliminary risk assessment is to_bé’ performed to help guide decisions regarding the
methqd(s) of capability assessmentcand quality assurance (QA) to be used, as well ag how
and when they are applied. Understanding the risks on an application-specific basis ernables
“risk informed” decision-making(and thereby a prediction of the impact of critical decigions.
The grocess for assessing (risks considers applicable factors associated with the yse of
devicgs beyond the manufacturer’s specified temperature range. Risk factors in this
assessment may includes

— comprehensiveness of production assembly-level screens performed at extended
temperature;

— identification of both managed and unmanaged risks.

Details about the likelihood of occurrence, consequences of occurrence, and acceptable
mitigation approaches for each identified risk are generated. Each risk normally falls into one
of the following categories:

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

e “produceability” risks: risks for which the consequences of occurrence are schedule
impacts.  “Produceability” risks determine the probability of successfully
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manufacturing/fabricating the product (where “successfully” refers to some combination of
schedule, manufacturing yield, quantity and other factors).

Several approaches are possible, and each approach constitutes a unique mixture of risk
mitigation factors. The results of a preliminary risk assessment should provide insight and
assistance to the selection of a viable approach or approaches for establishing the capability
of devices being used outside the manufacturer’s specified temperature range.

NOTE Uprating can be supported by exchanging technical information with the original device manufacturer.

4.3.4 Device uprating methods

4.3.4.11 General

Devicps are to be reviewed to determine the optimum method of uprating based oh risk
assesisment. Options include:

a) dgvice parameter re-characterisation, see 4.3.4.2;

b) dgvice stress balancing, see 4.3.4.3;

c) ddvice parameter conformance assessment, see 4.3.4.4;

d) higher assembly level testing, see 4.3.4.5.

Wher¢ possible, devices for uprating are taken from a single let¥ The use of additional Igts (or
samples) may be utilized to undergo testing as part of (the initial characterisation if it is
determined that lot variations may exist.

4.3.4.p Device parameter re-characterisation

Devicp parameter re-characterisation consists ©f characterising the device parameters ¢ver a
tempgrature range beyond that specified by.the device manufacturer and, as a resuft, re-
specifying the data sheet parameters targeted for uprated values or tolerances in the |wider
tempgrature range. The device then may‘be used in applications in which the newly spgcified
parameters provide the required functionality. To effectively assess device manufacturing
variaRility, multiple date codes need“to be considered, with the recognition that this cpn be
appligation- and usage-rate dependent.

If devjce parameter re-characterisation is chosen for capability assessment, then the prpcess
described in Annex A isSfollowed and is used in conjunction with a quality assurance prpcess
as degcribed in 4.4.

4343 Device stress balancing

Devicg stress.’balancing consists of operating the device at an ambient temperature above
that specified by the device manufacturer and compensating by reducing at least one pf the
other |operating parameters, for example, power or speed, to the extent that the jupction
temperature remains below Its maximum rating, with an acceptable specified margin.

If device stress balancing is chosen for capability assessment, then the process described in
Annex B is followed.

4.3.4.4 Device parameter conformance assessment

If device parameter conformance is chosen for capability assessment, then the devices are
tested over the entire wider temperature range using the original specification parameters,
according to the process described in Annex C.

Sampling procedures and failure criteria for device testing are according to Annex C. Where
fewer than 100 % are sampled, then device testing also includes testing at a higher level of
assembly over the entire wider temperature range.
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If the results of the parameter conformance assessment testing show that the parameters do
not fall within the original specification parameters, the capability assessment can continue by
performing a parameter re-charaterisation according to 4.3.4.2.

4.3.4.5 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.

This method applies to one device type in one or multiple locations or several device types
candigates—for uplaiillg I same dbbclllluiy.

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

NOTE A higher level of assembly can include a module, a printed circuit card, another sub<assembly, or {he end
item.

NOTE R The intent of 4.3.4.4 and 4.3.4.5 is to ensure that, if testing is used to{assess device capabilitly, then
each device is tested at least once over its entire wider operating ambient temperature range.

NOTE Testing can employ HAT, HALT or other similar testing to addressiigher level requirements.

Higher assembly level testing results are applicable only tathe current design revision pf the
assembly. For further assembly revisions, additional testing or analysis should be perforfed.

The f¢llowing steps are followed:

a) Perform a circuit element functional mode analysis for each location of the device
cgndidate for uprating to determine the ‘device functions/parameters to be tested in|order
to|assure assembly functionality across-the target ambient temperature range.

b) Review the assembly level test plan to determine its capability to test the parameters
reguired for successful operation) in the assembly. If the test plan is not capablg, and
cgnnot be modified to be capable, then this method of uprating is rejected fgr the
application.

c) Conduct the test, analyse“the results, and document the conclusions.

d) Inpert instructions jdsthe maintenance procedures to require full acceptance test over the
tafget ambient temperature range. This testing applies after every maintenance action that
inyolves replacement of an electronic device at the assembly level for which the ofiginal
cgdpability assessment was performed, unless the maintenance manual provides adequate
alternate procedures. This test should be conducted at an assembly level at whigh the
orfjginal.capability assessment was done, or higher.

4.3.4.p Review of capability assessment

A review of the results of the capability assessment is conducted. Based upon the
acceptability of the results, a decision is made to proceed.

4.3.5 Device reliability assurance

Device manufacturers generally qualify devices (including reliability assessment) using the
same processes, regardless of the temperature ranges for which they are specified. Generally,
they do not represent their products as having a guarantee of lifetime in any application,
because they do not know what the use conditions will be. Caution is exercised when using
past experience of the device within the manufacturer’s specified temperature range to infer
reliability outside of the manufacturer’s specified temperature range.

The application of each device and any related impacts on reliability should be assessed. New
and/or accelerated failure mechanisms, which might be evident at the wider temperature
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range, are to be clearly identified and their effects on reliability established. If deemed
necessary, additional testing can be implemented to address application reliability concerns.

The distribution of time at which a device is actually operating beyond a device
manufacturer’s specified temperature range and the related impact on reliability need to be
considered.

NOTE 1 Uprating conditions often occur only as “corner conditions” or for specified extreme environments which
are seldom experienced.

The following steps apply:

a) Qualify the devices according to the requirements of the user’s electronic component
mpnagement plan, as specified in 4.2.4. Also, qualify electrical performance of the.dgvices
oVer the intended range of the application operating and environmental)eondijtions.
De¢termine a temperature margin, supported by analysis using adequate data from the
infended application, between the maximum operating junction temperature angd the
ahisolute maximum rated junction temperature.

b) The absolute maximum rating of the junction temperature of the device is as defiped in
3.11.12, where a default margin of 20 °C below the absolute maximum junction temperature
is|considered to be best practice. Other margins may be used’if.the device user has data
to|justify them.

If the junction temperature average, T;, of the device is expected to approach the maximum in
the application, the reliability impact is to be addressed.

NOTE R Device reliability can decrease as junction temperature] TJ., approaches the maximum. This is a function
of timelin application at that temperature.

NOTE B Many avionics applications specify a high temperature environment in which the device is reqyired to

operatg. Thermal conditions which are rarely experienced do not significantly affect device reliability assurance in
wider temperature ranges.

4.4 |Device quality assurance (QA)'over wider temperature ranges
4.41 Decision for the optimum QA method

Regafdless of the process (used to assure device capability, the quality assurance| (QA)
procegses documented in the electronic equipment manufacturer's ECMP are applied fo the
devicg.

Options for QA include:

1) pgrformingtesting at the individual component level,

2) pdgrforming testing at the higher level assembly (for example, at CCA level or eledtronic
equipment) level,

3) a tombimationmof-t);2):
All relevant data resulting from the capability assessment are analysed along with other
factors to determine the optimum quality assurance process methodology. The decision for
the optimum QA and methodology considers mitigation of risk to the electronic equipment
including possible impacts to the supply chain. Trade studies are useful to review potential
impacts of each option taking into account, for example that:

o testing performed at the component level can cause increased errors due to additional
process steps with, for example, additional handling, which can introduce potential issues
such as electronic component terminations damage and/or ESD damage, etc. If this
operation is sub-contracted, possible negative yields, additional lead time, and/or cost
impacts can occur,
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o testing performed at the electronic equipment or CCA level could introduce possible yield
effects and/or the need for additional manufacturing rework which could impact schedule
and/or cost.

4.4.2 Device level testing

Parametric testing at the device level is performed at the uprated temperature range and
covers those parameters used outside of the electronic component manufacturer’s data sheet
specifications.

Based on data derived from such testing, testing can be reduced or eliminated by satisfactory
test history and by effective supplier change notice monitoring. The sampling rate, confidence
limits,| and decision criteria are as stated in Annex C.

4.4.3 Higher level assembly testing

Assembly level tests are designed to test basic functional performance of the.assembly jat the
applidation temperature. The assembly testing consists typically of gither testing at the
electrpnic equipment level or at the CCA level. Typically, all functions ©or,*key character]stics”
of the|end product are 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 gharacteristics”, of the assembly are traced, and its capability verified by assembly test
over the target temperature range of the application.

4.5 |QA process
4.51 General

The gverall process is reviewed to ensure conformance to IEC TS 62239-1 ECMP incl|uding
requirements for documentation, change contral; failure analysis, and device identificatign.

4.5.2 Semiconductor device change’monitoring

Devicp data (such as product charge notices or manufacturer data) are monitored t¢ give
warning of device changes that'may affect the capability of the device to operate over the
wider[temperature range as established in 4.3. Significant changes (for example, die change,
die sHrink, etc.) are evaluated-and if determined to impact the uprating performance, th¢n the
entireluprating process istre-evaluated and repeated based upon the changed device.

The approach for maénitoring the device design and manufacturing process change datal is no
differgnt than the«elated requirement in the IEC TS 62239-1 ECMP specification.

An alfernative-option which precludes the need for change monitoring, is to procure pn an
initial [basis jall devices needed for production that have the same part configuration and are
from tpe same lot. This assures all parts are homogeneous.

4.5.3 Failure data collection and analysis

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

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

When failure analysis is conducted, the results are to be documented.
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Final electronic equipment assurance

2018

Final electronic equipment assurance testing is performed utilizing system level tests such as
ESS, HASS, ATP, etc. This testing may be performed during the higher level assembly testing
step (see 4.4.3) if applied to the electronic equipment level.

4.7
4.71

Documentation and identification

Documentation

For each instance of device usage outside the manufacturer’s specified temperature range,

releva

nt data are documented and stored in a controlled, retrievable format.

The d
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ication requiremgnts are as specified in the design activity's uprating specificatio
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(4.3.4

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

are to

4.7.3

appear in the uprating process documentation.

Customer notification

The form of Figure 2 is proposed for use in documenting semiconductor device usage in wider
temperature ranges.
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WIDER TEMPERATURE RANGE DEVICE USAGE REPORT

Equipment name (if applicable) Date

Equipment ID number (if applicable) | Program manager ____
Name . Device engineer ___

ID no. beforeuprate__ ID no. after uprate

Equipment required temperature range: Min Max (ambient)
Manufacturer's specified device temperature range: Min Max (ambient)

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

Yes No

What [alternative solutions were evaluated, and why were they rejected?

Capability assessment process: Device parameter re-characterisation ___
Is the|package capable? __ Device stress balancing

Assembly testing __

Device testing __

specific reliability of the device?

(Refefence or attach capability assessment report)

Is the|device capable of operating in the required temperature range without significantly increased risk of
catasfrophic failure, unstable operation, loss of equipment function, or adversg€ly, affecting the application-

Qualify assurance process: Sample plan and"menitoring __
100 % equipment test __
100 % devjce test

Is the|device’s quality assured? (Reference or attach<QA plan)

Device marking.... [yes] [no]; if yes: part marking-is as follows:

Apprqgvals

To be ysed with the chosenwuprating method report form(s) and table:

e Anhex A, Figure A8, for report form related to device parameter re-characterisation method and tablg

on|the template-of:Table A.2, for parameter re-characterisation registration;
e Anhex B, Figure'B.6, for report form related to stress balancing method;

e Anhex G; Rigure C.4, for report form related to parameter conformance testing method;

e AnpheXx/D, Figure D.2, for report form related to higher level assembly test at temperature extremes meth

based

bd.

Figure 2 — Report form for documenting device usage over wider temperature ranges
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Annex A
(informative)

Device parameter re-characterisation

A.1 Glossary of symbols

Tro0m: Room temperature (25 °C)

TratedImax: Maximum temperature at which the part manufacturer guarantees operation
of a part in accordance with the published data sheet

Trateddmin: Minimum temperature at which the part manufacturer guarantees.operation
of a part in accordance with the published data sheet

Tteq-ax: Maximum temperature at which the part is required to operate in a system

Treq-nfin: Minimum temperature at which the part is required to-operate in a systen

Tiest-nhax- Maximum temperature at which the part is tested,.usually more than
Treq-max

Tiest-nhin- Minimum temperature at which the part is tested, usually less than Tteq-min

UL: Maximum limit of a parameter value in the’part manufacturer’s specified
temperature range (specified by the part;manufacturer)

LL: Minimum limit of a parameter valuelin the part manufacturer’s specified
temperature range (specified by the part manufacturer)

ULy Maximum allowable upper limit for a parameter for proper system operatipn

LLjin Minimum allowable upperlimit for a parameter for proper system operatign

ULy New maximum parameter value limit if the parameter limit is modified

LLNey: New minimum parameter value limit if the parameter limit is modified

My Margin of testedvparameter value at extremes of target application
temperature range with UL

M- Margin,ofitested parameter value at extremes of target application
temperature range with LL

My .rgq: Required margin of tested parameter value at extremes of target applicatjon
temperature range with parameter limit

My dqg: Required margin of tested parameter value at extremes of target applicatjon
temperature range with parameter limit

E: Preeisioneof-samplngfermean-of-aparameter

Ep: Measurement inaccuracy

fop Population standard deviation

s: Sample standard deviation

n: Multiplier for standard deviation (typically 3)

)73 Mean of a population

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 teq-min @9 Trated-max
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Target The operating temperature range of the part in its required application. This
temperature  temperature range may be wider than the part manufacturer’s specified
range: temperature range.

The range between Tigq_ min @Nd Tyeq-max
Test The temperature range over which a part is tested for parameter re-
temperature characterisation.
range:

The range between Tiogt_min @Nd Tiest-max

Formula (A 1) gives the relationship of the above temperatures:

a) Tt bst-min = Treq—min < Trated—min < Troom

b) Tr om = Trated—max < Treq—max = Ttest—max (A-1)

It should be noted that for the conditions expressed in Formula (A.1) above, parameter re-
charatgterisation can apply for either condition a), condition b), or both.

A.2 | Rationale for parameter re-characterisation

A.2.1 General

The rg-characterisation process is conducted by the dser of the device, or a designated test
facility. It measures electrical parameters and their _variations over a target temperature fange
that i3 wider than that specified by the device manufacturer. Based on test results, thg data
sheet|parameters may be used as published, or'modified if test results so indicate. It can be
necegsary to maintain the data sheet parameters for some target temperature ranges, and to
modify others. The new parameter limits may not be applicable to all applications. Figufe A.1
illustrates the rationale for parameter re-characterisation.

(%]
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o distribution distribution parameter paramdter
at manufacturer . at application limit limit
temperature limit - temperature limit -
: >
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Figure A.1 — Parameter re-characterisation

A.2.2 Assessment for uprateability

Before any testing is performed, data from all available sources are analysed to determine if it
is reasonable to attempt parameter re-characterisation. Typical sources of such data include
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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 can provide insight about a device’s expected performance over the target
temperature range. Simulation models, for example, the BSIM3 model for short channel
MOSFETSs, can be used to estimate the effects of temperature variation on device parameters,
and therefore can be used to assess their uprateability, see [1]1.

A.3 _Capability assurance

A.3.1 Description

Parameter re-characterisation is a method of thermal uprating in which the_part parameters
are characterised over the target temperature range, using processes similar\to those uged by
the device manufacturer for original device characterisation. If parameter|re-characterisation
is supcessful, the device may be used in applications in which~the re-characterised
parameters are acceptable.

A.3.2 Parameter re-characterisation process
A.3.2/1 General

Figure A.2 shows a flow diagram of the parameter re-characterisation process.

A.3.2J2 Critical parameter selection

All elgctrical parameters that are critical to the-application are identified and re-characterised
over [he entire target temperature range\of the application. Possible interdependence of
datasheet parameters, for example logic(voltage dependence on supply voltage, is considered
in dediding which parameters to include:

A.3.2)3 Sample size determination

Sample sizes for parameter’ re-characterisation are to be sufficiently large to provide
reasopable assurance thatinormal variations in the re-characterised parameters will not fause
the parameters to be ¢utside their re-characterised limits. The sample size is determingd for
each [instance of parameter re-characterisation. To effectively assess device manufacturing
varialhjility, multiple\'date codes need to be considered, with the recognition that this cpn be
applidation- andtisage-rate dependent. Factors to be considered may include:

— nymber‘ef*devices available for testing,

- ty;res 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.

For each instance of parameter re-characterisation, the following information should be
included in the uprating documentation:

1 Numbers in square brackets refer to the Bibliography.
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e process used to determine the sample size,

o statistical distribution (assumed or known) of the parameters,

e confidence level, and

e other relevant information.
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Figure A.2 — Flow diagram of parameter re-characterisation
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In most instances, a normal distribution is assumed. For the normal distribution, the sample
size, N, is defined in references [2] [3]:

2
zZ
v %XO'
E

(A.2)
where
E is the required precision on the parameter mean,
Z, o [Tsthevatueofthestamdardmormmat varratteatconfidencetevet(t—=—o) =< t66~—%,3nd
o is the standard deviation of the population.

In Foimula (A.2), the sample mean is within ££ of the true mean, with a probability of (1 — o).
Table| A.1 shows the results of an example calculation (standard deviation values|were
obtairjed from typical device data).

Table A.1 — Example of sample size calculation

Precision Standard Sample size
deviation
(E) (c) 6 %,90.% c=95% =99 %
Prop3gation delay 0,2 ns 0,3 ns 7 9 15
Input|current 0,005 pA 0,006 7 pA 5 7 12
Supply current 0,15 pA 0,2 pA 5 7 12

NOTE If it is known that another distribution fits the data, then appropriate statistics are used.

NOTE P To be completely rigorous, each parameter at each test temperature has its own specific distribution. In
practice, this degree of detailed knowledge jis rarely available, unless there is evidence to the contrary, and it is
accept@ble to assume that the same disttibution parameters apply to all electrical test parameters at pll test
temperptures.

For lgrge sample sizes, i.e., greater than thirty, the confidence interval estimate of the [mean
is:

(A.3)

fi(z% %J

For small(sample sizes, i.e., less than thirty, then the Student’s ¢ distribution should be [used,
and the confidence interval estimate of the mean is:

(A.4)

)

where s is the sample standard deviation and ¢,.y.¢ is the value of the Student's ¢ distribution
at the confidence level (1 — a) x100 % and N — 1 degrees of freedom.

A.3.24 Testing for re-characterisation

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

Tests are 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
copnductivity, etc;

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

— previous relevant experience with the device.

Additipnal test temperatures may be specified on the basis of tests'//conducted during
paranjeter re-characterisation. For example, if a plot of a given parameter versus tempefature
indicates the relationship may not be linear, additional tests are pefformed to determine its
exact|nature.

A de\ice can satisfy its parameter specifications, but still ¢fail to function in an appligation.
Thereffore, functional testing at the application or higherJlevels is considered. For figital
devicgs, gate level design information is required to develop software to achieve specifi¢ fault
covergge. If the full set of test vectors is not available; the percent fault coverage is diffi¢ult to
determine without detailed knowledge of device architecture. Again, functional testing jn the
applidation is to be considered.

Testirl]g may be performed in-house or at an external test house. In either case, the equipment
supplier is responsible for the tests and their results.

Prior to parameter re-characterisation testing, a set of requirements and limitations gn the
electrlcal parameters is developed. The requirements and limitations depend op the
applidation.

Accegitable upper (My)_jeq) and lower (M| q) margin limits should be established for each
modifled parameter.

A.3.2)5 Assessment of electrical test results

If the| test restlts indicate that there are no functional failures, if no discontinuitigls are
obseryed(in‘any of the parameter versus temperature plots, and if the modified parameter
limits | are” acceptable for the application, then the uprating process can be considered
successfuf:

A.3.2.6 Re-characterised parameter value calculation
A.3.2.6.1 General

Re-characterised 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.3.2.6.2 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 can be constant over the target
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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.

A.3.2.6.3 Variation

Manufacturer-specified parameter limit

Parameter
Parameter margin (M limit
difference
n x s spread
Error

compongnt of
measurgment

Confidence interval (2 x E)

Measurement accuracy (Ea) l

A \/

n x s spread

Measurement accuracy (Ea)

Figure A.3 — Margin in(electrical parameter measurement
based on the results of the sample test

Variafion due to sampling is the(confidence interval described in A.3.2.3. It is shown as|2 x E
in Fighre A.3.

Paranl\eter variation is shown as n x s in Figure A.3. Usually, the standard deviation of thee test
sample is used as the measure of parameter variation, with the number of standard deviations,
n, determined on the. basis of acceptable risk. Variation in test equipment accuracy is shown
as E,| in FiguresA:3. Test equipment accuracy is calculated with standard methods foynd in
basic |statistics texts. It can vary according to the test temperature.

A.3.2IG.4 Margin calculation

The parameter margin, M, is calculated by:

M=UL-X-Ep-nxs—E (A.5)

A.3.2.7 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.3.2.6.2, A.3.2.6.3 and A.3.2.6.4 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.3.2.6, 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


https://iecnorm.com/api/?name=abbb5fdfa2f60706b7416d70109facb1

IEC TR 62240-1:2018 © IEC 2018 - 29 -

new parameter limit is below the maximum allowable parameter limit, and thus acceptable.
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)

New parameter limit (ULNew) A
Measurement accuracy (Ea) I
n x s spread T \
Y
Precision - half of the confidence interval (E) I /
Allowable parameter margin
Sample value mean v
IEC
Figure A.4 — Schematic diagram of parameter limit modifications
Table A.2 — Parameter re-chabpacterisation example:
SN74ALS244 octal buffer/driver
Rarameter Commercial limit Military limit Measured value at Derated limit
military limit (calculated)?
tpLn (PS) Min. 2,0 1,0 5,1 1,8
Max. 10,0 16,0 12,8 15,2
tpyL (s) Min. 3,0 3,0 6,7 1,9
Max. 10,0 12,0 10,2 11,1
Vou (V) Min. 3,50 3,50 3,75 3,31
VoL (Y) Max. 0,40 0,40 0,18 0,42
Iccy (MA)  Min. 9,00 9,00 9,10 7,65
Max. 17,00 18,00 14,14 18,60
IccL (MA) ~ Min. 15,00 15,00 14,71 14,50
Max. 24,00 25,00 19,36 26,00
a8 Assumes the same degree of errors and standard deviation at all temperatures. The margins at the
commercial temperature limit are maintained at the military temperature limit.

Table A.2 can be used as a template for registering the parameters of device
re-characterisation.

A.3.3 Application capability assessment

A representative sample of the assembly containing the devices that have been uprated by
parameter re-characterisation is 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 is by monitoring the device process
change notices (PCNs) 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.

Figure A.5 illustrates the flow chart for device quality assurance.

Repeat capability
assurance

Monitor PCN <

A

Significant change YES

LRU test over
equipment operational
temperature range

Improvetest
requitements

i
YES

Functional and safety LRU test

capable

requirements verified

NO
4
Component or device Component or device quality
quality assured not assured

IEC

Figure A.5 —Rarameter re-characterisation device quality assurance

A.5 | Factors to\be considered in parameter re-characterisation

Data used inuinitial uprateability assessments may not be an accurate indicator of exgected
future| performance.

Simulation models are used with caution. When they are made available to the public, they
are often "sanitized” to mask proprietary information, and thus may not be accurate indicators
of the analog behaviour of devices.[1] The uprateability assessment process is 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 should be estimated. If

2 To account for system variations, it can be advisable to test the system beyond its specified temperature limits.
However, operating a system beyond its temperature specifications can overstress other components of the
system besides the candidate part and result in invalid failures.
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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 can include outliers (see [5]), which limits the efficacy of sample testing (see
Figure A.6).

A

Deadiial biaatia OIS (o tl
T OGS~ StOIeCT o oMo Ottt

identification and management
system) disposition

Specification limit

Number of samples

v

Outlier limit IEC

Figure A.6 — Schematic of outlier products that can invalidate sample testing

If the|test temperature range does notéextend beyond the target temperature range| it is
difficdlt to detect discontinuities in the parameter versus temperature curves. Likewise,|if the
test t¢gmperature intervals are too, wide, discontinuities within the test temperature range can
be missed. If the test results indicate non-monotonic behaviour, then additional tempefature
pointdy may have to be added. Figure A.7 shows an example of an intermediate peak|of an
electr|cal parameter (see [5]).
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Figure A.7 — Example of intermediate peak of an electrical parameter: Voltage feedback
input threshold change for Motorola MC34261 power factor controller3, see [4

During initial characterisation, it is also necessary to check for hysteresis in electrical test
data, |but hysteresis tests can be eliminated" if the testing does not reveal its exis{ence.
Hystefesis can be observed during .temperature characterisation because (a)| part
charagteristics change due to exposure.to high or low temperature, or (b) thermal equilibrium
is not[reached. If hysteresis effects are observed, then dwell times at temperature sholld be
incregsed. If that is not successful,"then other damage possibilities should be investigated. If
no other possible reason for failure is found, then the device may not be a candidate for
upratipg.

Inflection points observed.'in electrical parameters observed at extreme temperature ranges
should always be tested to determine if the failure type is hard or soft. Also, it shodld be
determined whether“the failures are due to changes in device characteristics, which |could
result|from devicé:failure, or from the effects of extreme temperatures on testing fixturegs and
equipment.

A.6 Report form for documenting device parameter re-characterisation

Figure A.8 proposes a report form for documenting device parameter re-characterisation.

3 Motorola MC34261 power factor controller is the trade name of a product supplied by Motorola. This information
is given for the convenience of users of this document and does not constitute an endorsement by IEC of the
product named. Equivalent products may be used if they can be shown to lead to the same results.
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DEVICE PARAMETER RE-CHARACTERISATION REPORT

Device description: Equipment name:
Device manufacturer: Equipment part number:
Device manufacturer part number: Program manager:
Equipment manufacturer drawing number: Date:

1.

Rated temperature range (case or ambient):

2.

Usage temperature range (case or ambient):

3.

Test specification number(s):

Parametric:

Functional:

Device date code(s):

#Sample size:

#Functional test passed:

#Functional test failed:

Test date:

© ® N0k~

Test results report:

10.

Approvals:

igure A.8 — Report form for documenting device parameter re-characterisatio
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Annex B
(informative)

Stress balancing

General

2018

Stress balancing takes advantage of the power-temperature trade-off opportunity in a given
application. It requires less testing than parameter conformance assessment and parameter
re-characterisation, since testing is done only to confirm analytical results in the specific

applig

B.2

ation. See Clause 3 for the definition of stress balancing.

Glossary of symbols

Ambient temperature

Manufacturer-specified maximum ambient temperature
Junction temperature

Maximum temperature up to which the device can be uprated
Ambient temperature limit required for the application

The margin by which the Iso-T curve is derated

Change in the ambient temperature

Power dissipation

Minimum power dissipation at which“the device can be operated in the sy
calculated from maximum allowable-limits on electrical parameters

Manufacturer-specified maximumi,power dissipation at T_jax
Power dissipation of the devi¢ce at application temperature limit, Thpp

Power dissipation of the'device at the application limit, without margins @
Iso-T, curve

The derating achieved in power dissipation, as a result of the margin put g
Iso-T curve. Py = P'ppy = Papp

Change in the,power dissipation
Supply voltage

Quiescent supply current

Power dissipation capacitance/buffer
Load capacitance/buffer

Frequency of operation of the device

B.3

B.3.1

Junction to ambient thermal resistance

Stress balancing

General

For active semiconductor devices:

TJ=TA +P><9JA

stem,

n the

n the
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where

T, is the junction temperature,
T, is the ambient temperature,
P is the power dissipation, and

0,p is the junction to ambient thermal resistance.

If the junction temperature of a semiconductor device remains constant, then the performance
of the device should not change. The power dissipation of a device is often a function of some
electrical parameter (for example, operating voltage, frequency); thus a trade-off can be made
between ambient temperature and an electrical parameter. From Formula (B.1), a higher
ambignt temperature 1S allowed 1T the power dissipation 1s reduced suificiently 1o kKedp the
junction temperature constant. The steps to be followed in stress balancing are listed in|(B.3.2
through B.3.7, and shown schematically in Figure B.5.

B.3.2 Determine the ambient temperature extremes

The gpal of this step is to determine the extreme temperature near the device considering the
equipfnent ambient temperature range and the fact that temperature rise’ occurs from ambient
tempdgrature outside the equipment. This results in a defined™ ambient tempefature
envirgnment for the device.

B.3.3 Determine parameter relationship to power dissipation

The gpal of this step is to determine which electrical parameters can be derated4, and by how
much] and to calculate the amount by which the dissipated power should be reduced jn the
propoged application, in order to uprate the device:

In some circumstances it can be necessary to.reduce more than one parameter to obtalin the
desirgd reduction in dissipated power.

NOTE | Various factors, such as device technology, device family, and electrical function, are consid¢red in
selecting the parameters that most significafitly affect power dissipation, and therefore are selected for redquction.
As an e¢xample, the relationship between,power dissipation and effective operating frequency is essentially linear
for CMOS devices, and changing the device operating voltage can reduce dissipated power. Other possjibilities
include| reducing the output current,reducing the fan-out, or altering the duty cycle of the device.

B.3.4 Determine the dissipated power versus ambient temperature relationship
B.3.4]1 General

The doal of this)step is to produce a graphical representation of the relationship befween
devicg¢ power dissipation and the ambient temperature, as defined in Formula (B.1). The
powel dissipation is plotted against the ambient temperature, keeping the jupction
tempgrature constant. The Iso-T plot, an example of which is shown in Figure B.1, can be
constructed 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. Ty can be viewed as the junction temperature margin. The application power (Ppp,) as calculated from
the Iso-T, curve would also have a reduced value, with a margin P, as illustrated in Figure B.1. A corresponding
temperature range above the maximum operating ambient temperature (Ta_yax) i 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 Ty, max- As such, the area bounded by Pyay — Pyin — 1 — I' is the uprated operating area. Combinations

4 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 one or more parameters are
‘derated’ in order to uprate a component.

5 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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of power and temperature values in this area correspond to junction temperatures lower than that established by
the Iso-T; curve with margins 7 - I".

B.3.4.

2 Constructing the Iso-7; curve using thermal resistance

If Formula (B.1) is modified as follows:

TA Z—HJA ><P+TJ

(B.2)

then a plot of power dissipation versus ambient temperature yields a straight line with slope,
that is, 05. If the line passes through the point (Ta_pax: Pmax): Where Ppay is the maximum

powe
tempsg

To plot the Iso-T, curve, the junction to ambient thermal resistance should beknown.

heets include 6,, in a thermal characteristics section. The thermal rgsistance value in
circuit

data {
the a
board
coola
surfad
all of

the electrical and mechanical designers work together to determine the thermal resig
n the application using the best information availablé. Whenever possible, the test or

data i

simul@tion conditions under which the thermal resistance data were determined are ob

from
early
in the

rature, Th_max then it is called the Iso-T curve.

bplication also depends on factors such as thermal conductivity of)the printed
proximity and power dissipation of neighbouring devices, airflow,speed and p4
nt physical properties, die size, and thermal radiation propernties of the surrou

hem can be modeled accurately early in the design process, In spite of these diffig

he device manufacturer before the thermal resistance data are used. The data

dissipation specified by the manufacturer at the specified maximum operating ambient

Some

ttern,
nding

es. Most of these factors impact the thermal impedance from_case-to-ambient, and not

ulties,
tance
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n the design stage should be verified by testing/in the application environment and later

development process.
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Figure B.1 — Iso-T, curve: Relationship between
ambient temperature and dissipated power
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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,

temperature, power, etc. Typical steps of stress balancing can be:

a) Develop a thermal model of the device.

provided that its range of applicability includes the required application

b) Conduct 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

dgvice.

d) D

NOTE
in the {
9JA to |
by ther
B.3.4.3

B.3.5

If the
uprate

Typ-m

velop the power/temperature relationship from the application thermal model,

The value of thermal resistance also varies with power dissipation and temperature. This_is"accour
hermal simulation, but not in the simplistic single parameter approach described in B.3:4.2," which a
e constant for the temperature and power dissipation range under consideration. The\[se-7; curve o

is likely to be more accurate.
Assess applicability of the method

required maximum system temperature is lower than T -,y then the device ¢
d by stress balancing. If the required maximum system temperature is greate
Ly, then the required power dissipation is lower than(#y,;,, and other options are

consiglered.

A hoi
inters
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All se
below

B.3.6

izontal line drawn through the required ambient temperature (on the vertical
ects the Iso-7) curve at a power dissipation-value (on the horizontal axis) equal
um power (PApp) that the device is allowéd to dissipate at the application temper
ected electrical parameters are then _modified to maintain the device power dissi

PApp.

Determine the new parameter values

Figure B.2 shows a generalized.plot of an electrical parameter versus the dissipated pow
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electr

NOTE

paramg
range 4
accoun

ponds to the application power dissipation, Pppps of the uprated device. The value
cal parameter at-the point where this line intersects the vertical axis is the value
cal parameter,-as-modified by stress balancing.

The changes_made to the electrical parameters to reduce power dissipation can change other el
ters of the~device. For example, if the supply voltage of an operational amplifier is reduced, its fre
nd output-eurrent will also change and it will saturate at a lower input voltage. These effects are tak
t while designing with the uprated device.

ted for
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Figure B.2 — Graph of electrical parameters versus dissipated power

B.3.7 Conduct parametric and functional tests

After puccessful completion of steps B.3.2 through B.3.6, parametric and functional tests are
perfoimed at the target application temperature, usingdhe new values of electrical parameters.
This i$ done to:

a) ersure that the device and the system opetate satisfactorily with the newly calctlated
cdnditions;

b) vdrify that the device will operate successfully in the new conditions;

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

d) cHeck the adequacy of margins for the extreme target application temperatur¢ and
sqglected derated parameters:from B.3.4.

The te¢sts may be done at the device level, or using devices in the application. A devide can
satisfy its parameter specifications, but still fail to function in an application. Therefore,
functipnal testing in the-application or higher levels is considered.

NOTE |n choosingd{hessample size of devices to be tested, consideration is given to margins, confidence festing,
and vafiations in"the parameter values. The tests can be parametric go/no-go tests. The device is congidered
succespfully uprated for the application if the test results demonstrate that the device can operate succesdfully in
the apglication over the full target application temperature.

Tests| on” devices and systems typically are not of sufficient duration to allow thermal
equilibrium to be reached. It can therefore be necessary to power up the system to allow the
system device to reach thermal equilibrium prior to testing.

B.4 Application example
B.4.1 General

This example is presented courtesy of the University of Maryland, CALCE, from a 1999 paper:
"Stress Balancing: A Method for Use of Electronic Parts Outside the Manufacturer Specified
Temperature Range."

The Fairchild MM74HC244 is used here as an example to illustrate the stress balancing
process for a hypothetical system. The maximum application ambient temperature is 85 °C
and the minimum application ambient temperature is —40 °C. The MM74HC244 is an octal
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three-state buffer, which is typically used to buffer a bus before connecting to input or output
devices. It is a CMOS logic device rated for a —40 °C to +85 °C ambient temperature range,
and is available in a plastic dual-in-line package. The data sheet recommends operation at a
supply voltage (V) of 2V, 4,5V or 6 V. Absolute maximum rating for power dissipation at
65 °C is 600 mW, with a derating factor of —12 mW/°C above 65 °C. This means that the
maximum power dissipation of the device at 85 °C (maximum operating ambient temperature
limit) is 360 mW. For this example, assume that the digital logic levels of the system are 4,4 V
(minimum) for high and 0,1 V (maximum) for low. From the data sheet, this requires V=6 V.

B.4.2 Determine the ambient temperature extremes

The ycfnm ambient fnmpﬂrnhlrn rahge is 40 °C to .85 °f‘, however it is assumed-that a
15 °C| temperature rise occurs from ambient temperature outside the equipment to @imbient
tempdgrature near the device, due to internal heating effects while the equipment is~operating.
This results in a =40 °C to +100 °C ambient temperature environment for the device:

B.4.3 Select the parameters that can be derated

CMO$ devices typically have negligible quiescent power consumption Gompared to the power
dissipjation during switching. The power dissipation (P) of a CMOS-device is given Ry the
formuja:

P=(Cpp +CL)Vec” f+Vece loe (B.3)

Cpp |[s the power dissipation capacitance,
C_ [s the load capacitance,

f is the switching frequency,

Icc  |is the quiescent supply current, and
Vee [is the supply voltage.

From fthe Fairchild data sheet:
Cpq =[50 pF/buffer and
Icc (maximum specified; for Voo =6 V) = 160 pA.

The lgad capacitance (C|) is assumed to be 50 pF, which is the value used for test conditions
in the|data sheet.

From |[Fofrmula (B.3), power dissipation can be reduced either by reducing the supply vpltage
or theoperatingfrequency—tnthisappticatiomhowever,achangemF ¢ wittdirectty-affect
the logic levels of the system, so V- cannot be changed. Thus in this example, the operating
frequency is reduced from its maximum capability. The frequency at a power dissipation of
360 mW, at Voc =6V is 13 MHz, and it is assumed that the system requirement is for the
device be operated at a frequency no less than 3,5 MHz. This means that the minimum power
dissipation is 100 mW.

In CMOS devices, the value of load capacitance, ¢, may not be known precisely. The primary
contributor to load capacitance in digital logic devices is the capacitance added due to the
printed circuit board (PCB)/printed wiring board (PWB) when the devices are installed.

A conservative maximum estimate of C| should be made for calculating the power dissipation.
After the printed circuit board (PCB)/printed wiring board (PWB) design is done, the actual
value of C| may be re-substituted into Formula (B.3) to obtain a better estimate.
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B.4.4  Construct an Iso-T, plot

An Iso-T curve for the MM74HC244 plotted from the Fairchild data sheet is shown in Figure
B.3. The specified maximum power is 360 mW at a maximum ambient temperature of 85 °C,
so the curve passes through the (360 mW, 85 °C) point.

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 (T\y  \1ax)
is 106 °C. At the maximum application ambient temperature (100 °C), it is observedchpt the
new power value is 170 mW. The device can thus be operated at 100 °C, if the power
dissipfation is kept below 170 mW.

120 T
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Figure B.3 — Iso-T, curve for the Fairchild MM74HC244

B.4.6 Determine the new parameter values

As specified in B.4.3, the minimum power at which the buffer can operate in the system is
100 mW and the maximum specified output power is 360 mW. Using Formula (B.3), operating
frequency is plotted versus power dissipation, and is shown in Figure B.4. From the data
sheet values and application conditions, the formula for the curve is:

P=288x10" f+96x10™* W (B.4)

Figure B.4 is plotted with the data sheet specified values for the various parameters, with
Vec =6V and C =50 pF. It is also noted that there are eight buffers in the MM74HC244N.
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From Figure B.4, the frequency is 6 MHz at 170 mW. Thus the device can be used at an
ambient temperature 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 is requested from the device manufacturer, or an
increased margin above the junction temperature maximum plotted from Figure B.1 is used.

B.4.7 Conduct parametric and functional tests

Normally, the device is tested at T,_j .4 t0 ensure that the device will operate satisfactorily in

ther uired-environment
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Figure B.4 — Power(versus frequency curve for the Fairchild MM74HC244

B.5 | Other notes

B.5.1 Margins

The dmbient\temperature and dissipated power used in the calculations for stress balgncing
are mpnufacturer-specified, and have the manufacturer’s intended margins. The derated|value
of power/dissipation also has these margins. It can be prudent to add an additional margin
(Pp) t—ealeutating—the—appheation—power—Pr—to—compensate—fer—inaccuracies—n—tlermal
modeling, value of 8,5 and actual ambient temperature near the device in the application. The
device electrical parameters, which are calculated from the derated value of power dissipation,
are also subject to derating. This is to accommodate the errors inherent in the process;
however, adequate precautions need to be taken while using this process.

If a parametric pass/fail test is used to test the devices after stress balancing analysis, the
test is carried out at the target application temperature plus an appropriate thermal margin.
This 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 are used with extreme caution for calculations in stress
balancing, because they do not reflect the maximum junction temperature at which the device
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would operate. The 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 is calculated from additional data obtained from the
manufacturer.

Stress baIancmg can be used for upratmg deV|ces above the rated maximum temperature limit
only. NShip g ' ) r use
below the manufacturer minimum speC|f|ed temperature limit. Other methods psugh as
paranjeter re-characterisation may be used for operation of devices below the)specified
tempgrature range.

B.4.2

Determine Ta-Max
in the application

B.4.3
Select parameters
that can be
derated

B.4.4
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plot

.
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Can
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or choose another
device

No—
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v
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Figure B.5 — Flow chart for stress balancing
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DEVICE STRESS BALANCING REPORT

Device description: Equipment name:
Device manufacturer: Equipment part number:
Device manufacturer part number: Program manager:
Equipment manufacturer drawing number: Date:

Rated temperature range (case or ambient):

2. Usage temperature range (case or ambient):

3. Test specification number(s):
Parametric:
Functional:

4. Parameter(s) chosen for derating:

5. Iso-T, plot (please attach separate sheet):

6. Amount of margin (or derating) below junction temperature
maximum to be used:

7. Power dissipation in device with derated parameter:

8. Derated value of parameter, chosen from 4:

9. Verification test results agree with ealculated value (document
results and attach):

10. Approvals:

Figure B.6 — Report form for documenting stress balancing
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Annex C
(informative)

Parameter conformance assessment

General

Device parameter conformance assessment consists in evaluating electrical parameters at
target thermal test points that are higher or lower than the manufacturer’s specified ratings.
his uprating method, the specifications, conditions, and test limits used are the

For t
manu

See t
deterr

C.2

c.21

A test
Figuré

Cc.2.2

All cri

acturer’s published data sheet parameters.

he Bibliography for references to statistical methods which are suggested|as to
hining the statistical confidence in the options listed in Annex C.

Test plan

General

plan defines the required tests, process steps, test methods, and number of san
C.3 shows a flow diagram of parameter conformance:assessment testing.

Critical parameters

ols in

nples.

publi

hed data sheet. Ideally, all electrical parameters are tested; however, this is not

tical application parameters are identified, and values obtained from the manufacturer’'s

Iways

possilble or practical. For example, it can becdifficult to conduct a complete functional ftest if
the apgplicable test program is not available\from the device manufacturer. The manufac

specified test parameters (with the exception of the test temperature limits) are us

devic

c.2.3

Facto

are thie specified temperaturé range of the device, the target temperature range, and preg

exper
condu
may I
and t
analy
deterr
shoul

performance specifications for parameter conformance assessment.

Minimum allowable test-margins
's to be considered in developing the test plan for parameter conformance asses
cted, and the (test sample size for each temperature. Target temperature inforn
e obtained.frem the initial assessment of the equipment’s environmental require

5is, fluid Jdynamic conditions, such as air speed and direction, are considern

type ¢ftemperature specification, for example, ambient, case, or junction, is conside

| be‘used to calibrate the test equipment to represent the application environmen

urer’s
ed as

sment
vious

ence with the deyice. The test plan includes the temperatures at which tesfs are

hation
ments

ne results_of thermal analysis. If so indicated by the initial assessment and thermal

ed in

hining\the target temperature and test conditions. All available thermal environmenft data

. The

ed in

selecting the test temperature range. The accuracy of the thermal assessment method and
the test also should be considered.

These test margins provide additional confidence in the applicability of the test results over
the target temperature range. Figure C.1 shows the relationship of the various temperatures.
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Figure C.1 — Relationship of temperature ratings,
requirements and-margins

C.24 Test options
c.241 General

The tyo options for parameter conformance assessment are a): test at the minimum allowable
margip (C.2.4.2), and b) determine ‘the margin by incremental temperature testing (C.2.4.3).
The slelected option is followed(by the appropriate quality assurance process to assurg that
future| devices will exhibit thie required parameter values at the target temperatures. During
either|test option, the device's absolute temperature limits should be known and undergtood.
Excegding any of these‘absolute limits during either process is controlled and performed only
to provide additional,understanding of device behaviour and related margins. Devices uged in
actual applications_are not exceeding absolute maximum ratings. A device can satigfy its
paranjeter specifications, but still fail to function in an application. Therefore, fungtional
testing in the application or higher levels is considered.

C.2.4)2 Test at the minimum allowable margin

In this opfion, parameters are tested at target temperatures above or below the maximum or
minimum specified temperature limits. Adequate margins are added to (for target temperature
limits above the specified maximum) or subtracted from (for target temperatures below the
specified minimum) the target temperature limits.

NOTE Typical margins are 2 °C to 5 °C.

Sample sizes for this option are large enough to provide the desired statistical confidence that
the parameter conformance process is successful. The required confidence level, its method
of calculation, and results of the calculations are documented for each device uprated by
parameter conformance assessment.

Parametric pass-fail tests are conducted for all critical electrical parameters being assessed.
The parameter test limits are those of the device manufacturer’s data sheet. If this process is
successful, then the quality assurance process of C.2.5 is followed. If the process is
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unsuccessful, then either the device should not be considered uprateable, or another uprating
process should be considered.

C.2.4.3 Determine the margin by incremental temperature testing
C.2.4.31 General

In this option, devices are tested at or near the maximum (or minimum) specified temperature
limit and then at successively higher (or lower) temperature increments until the parameter of
interest no longer conforms to the limits of the data sheet. The recommended temperature
increment is 5 °C. The distribution of the temperatures at which non-conformances are
observed, and the highest (lowest) temperature limits are determined from these tests

If
Treq-max < (X —CIx)~ AxCLy ~TE (C.1)

wherg
X is the sample mean,

CIy |is the confidence interval of the mean,

A is the number of standard deviations for the margin,
CLg
TE |is the margin to account for test equipment error,

is the confidence level for standard deviation, and

then the device is capable of being used in the application in question.

C.2.4]3.2 Example: Determine the margin’by incremental temperature testing
C.2.413.21 General
The f¢llowing conditions are assumed for this example:

— dgvice temperature rating of 0.2C to 70 °C,

— the application ambient témperature range near device is —40 °C to +85 °C,

— the initial test sample is 10 devices,

— the mean fallout temperature of the 10 devices is 130 °C,

— the standard deviation of the mean fallout temperature for the 10 devices is 6 °C,
— the confidence-level chosen for this application is 95 %,

— the marginor "4" term in Formula (C.1) is chosen to be 4c. (Test equipment error fis not
adcounted for in this example.)

Sampte—sizes forthis optionm are determinedomnm the basis—of the observed type of Statistical
distribution of non-conformance temperatures, the parameters of the distribution, the desired
temperature margin, and the desired statistical confidence in the results. All of this
information is included in the documentation for each instance of this activity. Figure C.2
illustrates the relationship between the mean fallout temperature, T, and a typical curve

req-max
representing the device fallout probability at each temperature.
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