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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROCESS MANAGEMENT FOR AVIONICS -
ELECTRONIC COMPONENTS CAPABILITY IN OPERATION -

Part 1: Temperature uprating

FOREWORD

1) Thqg International Electrotechnical Commission (IEC) is a worldwide organization for standardi tlon conjprising

all |national electrotechnical committees (IEC National Committees). The objectN of romote
intgrnational co-operation on all questions concerning standardization in the eleg{fi ic figlds. To
thisl end and in addition to other activities, IEC publishes International Standard i ifigations,
Tedhnical Reports, Publicly Available Specifications (PAS) and Guides (herea ap “IEC
Puljlication(s)”). Their preparation is entrusted to technical committees; i brested
in f{he subject dealt with may participate in this preparatory work. d non-

govlernmental organizations liaising with the IEC also part|C|pate in
witl) the International Organization for Standardization (ISO) i
agrgement between the two organizations.

closely
ined by

ational
rom all

2) Thqg formal decisions or agreements of IEC on technical mat
conisensus of opinion on the relevant subjects since each
intgrested IEC National Committees.

3) IEQ Publications have the form of recompiendati i i ational

Committees in that sense. While all reasonagble of IEC
or any
misjnterpretation by any end user.

4) In ¢rder to promote international uniformit C i € ittees undertake to apply IEC Publications
trarjsparently to the maximum_extent possi frei ational’ and regional publications. Any divgrgence
betyween any IEC Publicatiog regional publication shall be clearly indidated in

the|latter.

5) IEQ itself does not proyide_a ion ity/ ificati i i formity
assessment services and, i for any
seryices carried 3 3

6) All psers should

7) No [liability shall atta rts and
members of its te age or
other damage of 3 s) and
expenses apsing. ot of ‘th i er IEC
PuRlications)

8) Attentign isNdra i i i i ication. icafions is
indispe S 2

9) Attgntion is gre e possibility that some of the elements of this IEC Publication may be the subject of

patent rights\NE not be held responsible for identifying any or all such patent rights.

The mpainr task of IEC technical committees is to prepare International Standards. Howe)er, a
tech:wmmmmwmm_mlected

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 first edition cancels and replaces IEC/TR 62240 published in 2005. This edition
constitutes a technical revision.

This edition includes the following significant changes:

a) Document is revised from IEC/TR 62240 to IEC/TR 62240-1.

b) Revised wording in clauses/subclauses: Introduction and Clauses 1 to 4 including
paragraph clarifications and corrections.
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c) Removed all “shall” terms from document.

d) Updated paragraphs, including addition of references to the utilization of samples from a
single lot, and the fact that performance of uprating is repeated if significant changes are
implemented by device manufacturer, as well as the reference that the manufacturer’s
warranty may be eliminated if uprating is performed.

e) Ad

ded an abbreviations subclause, 3.2.

f) Reworded 4.3.5, item b), reference pertaining to default margin of 20 °C below the
absolute maximum junction temperature.

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

Full ipformation on the voting for the approval of this techni rt\cain beNfounhd

report
This

A list

management for avionics — Electronic componeg

the IE

stand

The ¢
the s
relate

« re
e wi
* re

A bilin

Enquiry draft Report on voting
107/199/DTR 107/203/RVC

on voting indicated in the above table.
ublication has been drafted in accordance with the

of all parts in the IEC 62240 series,

C website.

confirmed,
thdrawn,
nended

gu is\publication may be issued at a later date.

n the

ocess
hd on

isting

data

IMPO
that i

v

RTANT — The “colour inside” logo on the cover page of this publication indi

cates

of its

contains colours which are considered to be useful for the correct understa

nding
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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:

If thern

manu

the dg

capab
alsor

This
manu

Operdtion of the devi

warra

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

can be supported
acturer.

bment
led by

their
jes. It

evice

ss of
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PROCESS MANAGEMENT FOR AVIONICS -
ELECTRONIC COMPONENTS CAPABILITY IN OPERATION -

Part 1: Temperature uprating

1 Scope

This [Fechnical Report provides information when using semiconductor_devices In |wider

tempgrature ranges than those specified by the device manufacturer. T atingrsolptions

descr|bed herein are considered exceptions, when no reasonable alters lable;
otheryise devices are utilized within the manufacturers’ specifications

The terms “uprating” and “thermal uprating” are being used i : justry

discugsions and meetings, and clear definitions are included I s v oined

as shorthand references to a special case of methg 3 bcting
compgnents for circuit design.

This technical report describes the methods and proces i ] case.

All of|the elements of these methods and progéesses i best

engingering practices. No new or uni i these

procepgses: only a rigorous application

Even [though the device is used at wi vill be

limited to those that do nof compromise ap ularly

for dgvices with narrow f&at 5 ) ) report
does |not imply that applicationg use theydevice imum

rating|limits of the device\spesifi N 1gi L

— ddgvice usag i iQi i jes is
ddne only whey' p a Itergative approach is available and is performed with
agpropriate jus}i \Q;

— if |it is necessary t e de cified
temperat 3 ssure
infegrity of the -o\w en

2 Norm

are indigpensable for its application. For dated references, only the edition cited applies. For
undated\"references, the latest edition of the referenced document (including any
amendments) applies.

The fgllowing docume&nts, in whole or in part, are normatively referenced in this documerF and

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

3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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3.11
absolute 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
[SOURCE: IEC 60134:1961, Clause 4]

3.1.2
ambient temperature
temperature of the environment in which a semiconductor device is operating

3.1.3
case temperature
tempgrature of the surface of a semiconductor device package duri

3.1.4
circuit element functional mode analysis

documented analysis that determines minimum range
charatteristics of the assembly with respect to the related
being|uprated

3.1.5
devicp capability assessment

procegs of demonstrating that the ds
functipnality and operation over the wideg

Note 1 |to entry:
and in¢ludes additional testing”or™analySis
Device|capability assessment int

3.1.6

device quality assur
additipnal testin
operating successfu
3.1.7
semig¢onductor te
devicp

electr|c

impairmen

Note 1|to entry:™ It is
integrafed,circuits, and transistors.

sOmetimes called electronic part or piece part or component. Examples are

tional
bvices

cified
me

range,
range.

ble of

pn or

Hiodes,

3.1.8
electronic equipment

any item, for example end item, sub-assembly, line-replaceable unit, shop-replaceable unit, or

system produced by an electronic equipment manufacturer

3.1.9
junction 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]

3.1.10
manufacturer-specified parameter limits

electrical parameter limits that are guaranteed by the device manufacturer when a device is

used within the recommended operating conditions
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SEE: Rating.

3.1.11
manufacturer-specified temperature range

operating temperature range over which the component specifications, based on the

component data sheet, are guaranteed by the component manufacturer

SEE: Rating.

Note 1 to entry: Manufacturer-specified temperature range is a subset of the recommended operating conditions.

3.1.12

pararﬁeter conformance assessment
proceps for thermal uprating in which devices are tested to assess thejr confo
manufacturer-specified parameter limits over the target wider tempera

3.1.13
parameter temperature characterisation

proceps of determining the specification values of electrica
over the manufacturer’s specified temperature range

3.1.14
parameter temperature re-characterisation

proceps for thermal uprating in whic e dew
testing performed

3.1.1¢%
rating

3.1.1

recommended i
condifions for use_of

compopnent data shee

e component manufacturer

SEE:

3.1.17
stres$

proceps fortherm ating in which at least one of the device’s electrical parameters i
owable limit to reduce heat generation, thereby allowing operatio

below its maxi

higher ambient tempetrature than that specified by the device manufacturer

3.1.18

value|that establishes eith€ imiting cay onhaYimiting condition for a semicon
device

which the component specifications, based d

to the

mples

ult of

Huctor

n the

5 kept
n at a

target temperature range
operating temperature range of the device in its required application

3.1.19
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.
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3.1.20

wider
target

Note 1

temperature range
temperature range outside the manufacturer-specified temperature range

to entry: It may include temperatures that are higher or lower than the manufacturer-specified temp

range, or both.

erature

3.2 Abbreviations

ADHP Aerospace, defence and high performance

ATP Acceptance test procedure

CAG Commercial and government entity

CMO$ Complementary metal-oxide-semiconductor

ECMH Electronic components management plan

ESS Environmental stress screening

ID Identification

LRU Line replaceable unit

PCN Process change notice

SD Sigma deviation

QA Quality assurance

4 Selection provisions

4.1 |[General

Selection provisions are deSeri v

Devicges used outside ¢ temperature range are selected (4.2)] their
capal]ility assessed (4 ed (4.4) and documented (4.5), as illustraed by
the flgw chart of e

The yse of devicg de the temperature ranges specified by the device
manufacturer is swever, such usage may occur if other options prove [to be
impossible, 30Na or\impractical. Justification for such usage may be bas¢d on
availapility, i  relevant criteria.

Such jope e for unstable part operation or loss of equipment function por is
the d¢vice toyhg opexated beyond its absolute maximum data sheet ranges (e.g., majimum
junction temperature)

The dquipment 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 manufacturer’s limits may result normally in

loss o

NOTE

4.2

421

f warranty by the device manufacturer.

The headings of Clause 4 are keyed to the actions and decisions of Figure 1.
Device selection, usage and alternatives

General

The equipment is designed so that, initially and throughout equipment life, no absolute
maximum value for the intended service is exceeded for any device under the worst probable
operating conditions.
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Operating condition examples include the following: supply voltage variation, equipment
device variation, 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 equipment.

4.2.2 Alternatives

A review of alternatives is to be performed prior to using a device outside the manufacturer’s
specified temperature range. If an alternative can be shown to be reasonable and practical
then it is selected. The results of this evaluation are then documented.

1 £ ;o Il H H 1 1
EXam MITS Ul pUtUIItIdI dltUllIdthCb mrerudc.

— ugling a device specified over the required temperature range, with ction,
bdt from a different manufacturer;
— ugling a device specified over the required temperature range, riction,

but a wider specified temperature range;

ction,

ifferent

at still

N with
Hefance procedures, in co-operation with the

anvfacturer to provide assurance over the wider tempefature

sferred device for use in a wider temperature range is the ope for

part and if the manufacturer offers the device in various

&S then the widest temperature range is selected. For example, givgn the
cturer part available in commercial temperature range (0|°C to

e device available in industrial grade (-40 °C to 85 °C) or automotive
), 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.

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
equipment manufacturer's ECMP.

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

The assessment of device capability needs to assure that not only are device parameters
acceptable, but also that device functionality and functionality of the related circuit application
are acceptable as well. Therefore, functional testing at the application or higher levels is
recommended.

4.3.2 Device package and internal construction capability assessment

Device qualification test data and other applicable data when available are to be analysed to
assure that:

a) They support the operation of the device over the end use temperat 2 at the
pgdckage and internal construction type used in device qualificatiog\ a hat to
bg used in the end application.

b) THe package and internal construction can withstand th & i wider
temperature cycling ranges, and that the package mat ¢ 10 brious
phHase changes or changes in material properties in th S S

If data are not available, then relevant testing based i€ation Is to' be considered.

4.3.3 Risk assessment (assembly level)

A pr g the
plied.

ision-

consiqdets “applivdble factors associated with the Use of

r'sspecified temperature range. Risk factors in this

rder consideration — manufacturer data available for the

mployed by the manufacturer including lot-to-lot variation
production assembly-level screens performed at extégnded

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:

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

— “productibility” risks: risks for which the consequences of occurrence are schedule impacts.
“Productibility” risks determine the probability of successfully 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.
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Where possible, devices for uprating are taken from a single lot. The use of additional lots (or
samples) may be utilized to undergo testing as part of the initial characterization if it is
determined that lot variations may exist.

NOTE Uprating can be supported by exchanging technical information with the original device manufacturer.
4.3.4 Device uprating methods
4.3.4.1 General

Devices are to be reviewed to determine the optimum method of uprating based on risk
assessment. 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.

4.34.p Device parameter re-characterisation

Device parameter re-characterisation consists of char iSi ver a
tempgrature range beyond that specified by the dgvice ) It, re-
specifying the data sheet parameters targeted fo wider
tempgrature range. The device then mg iR 2 3 cified
paranjeters provide the required furctionality. 3 turing

varialjility, multiple date codes need to
applidation and usage rate dependent.

ay be

If devjce parameter re-characterisation\is n for capability assessment, then the prpcess
is Msedvin/ cenjdnction with a quality assurance prpcess

that includes device testj

4.3.4.8 Devi

Devicg stress bala
that specified by the
other |operating
tempgrature ¢

ating the device at an ambient temperature above
rer and compensating by reducing at least one pf the
ample, power or speed, to the extent that the jupction
naximum rating, with an acceptable specified margin.

If devjcelstréss\bakancing\s chosen for capability assessment, then the process descrilped in
Annex B is™fallowed.

4.3.4.4 d@rameter conformance assessment

If device“parameter conformance is chosen for capability assessment, then the devicgs 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
less than 100 % are sampled, then device testing also includes testing at a higher level of
assembly over the entire wider temperature range.

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.
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This method applies to one device type in one or multiple locations or several devices types
candidate to uprating in a same assembly.

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

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

NOTE 2 The intent of 4.3.4.4 and 4.3.4.5 is to ensure that, if testing is used to assess device capability, then
each device is tested at least once over its entire wider operating ambient temperature range.

The following steps are followed:

evice
order

a) Pe¢rform a circuit element functional mode analysis for ea
cgdndidate for uprating to determine the device functions/para
to|assure assembly functionality across the target ambient te

b) Review the assembly level test plan to determine its

reguired for successful operation in the assembly g ot capablg, and
cgnnot be modified to be capable, then this ing is rejected fgr the
application.

c) Conduct the test, analyse the resulis

d) Inpert instructions in the maintenarnce prosedu er the
tat i ing apx 3 i ion that
in /olves replacement of an electrofiic devic 2 i figinal

(of>
al
or

quate
igh the
4.3.5

Devic evices (including reliability assessment) using the

same ) \ pature ranges for which they are specified. Generally,
they ~ <Y ds having a guarantee of lifetime in any applidation,
becay atNthe dse conditions will be. Caution is exercised when|using

past ¢ ithin the manufacturer’s specified temperature range tq infer
reliablli S cturer’s specified temperature range.

The applicati 8 ex¥ice and any related impacts on reliability should be assessed. New
and/of 3 ailure mechanisms, which might be evident at the wider tempefature

range learly identified and their effects on reliability established. If ddemed
necegsary, additional testing can be implemented to address application reliability concefns.

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

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
management plan, as specified in 4.2.4. Also, qualify electrical performance of the devices
over the intended range of operating and environmental conditions after a reliability stress
conditioning exposure that reflects the life cycle of the application; and determine a
margin, supported by analysis using adequate data from the intended application,
between the maximum operating junction temperature and the absolute maximum rated
junction temperature.
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b) The absolute maximum rating of the junction temperature of the device as defined in 3.1.1
of this technical report, 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 maximum in the
application, the reliability impact is to be addressed.

NOTE 2 Device reliability can decrease as junction temperature, TJ approaches maximum. This is a function of
time in application at that temperature.

NOTE 3 Many avionics applications specify a high temperature environment in which the device is required to

operatg—FHrermal-conditions—which—are—rarely—experionced-de-rot-sigrificantiy—affect-device—rehability—assurance in

wider tgmperature ranges.

4.4 |Device quality assurance in wider temperature ranges
4.4.1 General

Regardless of the process used to assure device capability, the quali esses
documented in the equipment manufacturer’'s ECMP are apglied\ i

4.4.2 Device parameter re-characterisation testing

If device parameter re-characterisation (4.3.4. n the

devicg quality is assured by testing i plan
and effective supplier change notice i

NOTE | The intent of this guideline is to monitor1 ices td e that, subsequent to the capability asqurance
activity] no changes are made in the design or{man i fect its
capability in the wider temperatur

4.4.3 Device parametex co

If deVice parameter cpnfor ng at
tempgrature ext S S lity is
assured through K esting
(4.4.4)) or both, depe&ndi : > for a
flow thart of thi { evice
assesisment proce it by testing all individual devices before use in production
equipment o gratt esting all production equipment at the ambient temperature
extremes,

Based on data dexive such testing, testing may be reduced or eliminated by satisfactory

test h|story and gctive supplier change notice monitoring. The sampling rate, confiflence
limits,| and-decision>eriteria are as stated in Annex C.

4.4.4 | __Higher assembly level testing

If higher assembly level testing at temperature extremes (4.3.4.5) or device parameter
conformance assessment (4.3.4.4) is used for capability assessment, then the device quality
is assured through device parameter conformance testing (4.4.3), or higher level assembly
testing (4.4.4), or both, depending on the results of the risk assessment in 4.3.3. (See
Figure 1 for a flow chart showing this process.) If 4.4.4 is chosen for quality assurance, a
process similar to that outlined in Annex D is used to determine the capability of the assembly
test to validate the uprated device at the target temperature. Assembly level tests are
designed to test basic functional performance of an assembly or device. Typically, all
functions or “key characteristics” of the end product are verified at the sub-assembly or end-
item level. The difference between the typical case and the process described here is that the
device’s role in these functions, or “key characteristics”, of the assembly are traced, and its
capability verified by assembly test over the target temperature range.
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4.4.5 Semiconductor device change monitoring

Device data (such as product change notices or manufacturer data) are monitored to give
warning of device changes that may affect the capability of the device to operate over the
wider temperature range as established in 4.3. Significant changes (e.g., die change, die
shrink, etc.) are evaluated and if determined to impact the uprating performance, then the
entire uprating process is re-evaluated and repeated based upon the changed device.

The requirement for monitoring the device design and manufacturing process change data is
no different than the related requirement in the IEC/TS 62239-1 ECMP specification.

An altermateoptiomwhichprectudes-theneed-forctrangemonitoring;tstoprocureomaminitial

basis |all devices needed for production that have the same part config or_and,arg from
the sgme lot. This assures all parts are homogeneous.

4.4.6 Failure data collection and analysis

Failure data are collected for all uprated devices. When clear ide the dafa are
to be pnalysed and corrective action taken.

®
n
~—
Q
=
»
>
~—
=3
D

Failures of devices used in wider temperature range e root

causg of the failure.
When|failure analysis is conducted, the

4.5 Documentation

For each instance of device usage oufsid - ofurer’s specified temperature fange,
relevgnt data are documepted i ed, retrievable format:

The dpcumented infor

— equipment i
— dgvice identification

— refuired oper

- mrnufact
- al

— prpce 3SSUT vice capability in the wider temperature range (including tegt and
analysis

— prpcess<for a ihg device quality in the wider temperature range (including tegt and

analysis)results);

— required signatures;

— risk assessment results.

NOTE Required signatures include those of the responsible authorities within the equipment designer’s
organisation and, if required, those of the customers.

The form of Figure 2 is recommended for use in documenting semiconductor device usage in
wider temperature ranges.

4.6 Device identification

All device identification processes are to be consistent with other industry processes.

For each instance in which a device has been determined as having met the application's
wider temperature range requirements, through parameter re-characterisation (4.3.4.2) or
device stress balancing (4.3.4.3) or device testing (4.3.4.5), the device’s status is identified as
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having met the requirements specified in the design activity's uprating specification. The
identification requirements are as specified in the design activity's uprating specification and
include the design activity's unique identifier such as the CAGE code, logo, or acronym and
the part number assigned by the design activity. For each occurrence of uprating, the parts
are to be separately identified as meeting the requirements of the application relative to the
same parts which were not uprated. The method of identification enables all relevant activities
such as spares and maintenance to establish that the device has met the requirements of
parameter re-characterisation (4.3.4.2) or device stress balancing (4.3.4.3) or device testing
(4.3.4.5).

If the device is marked then marking is in addition to the existing/original manufacturer's
markipg—and—is—to—-be—+readable—when—the—device—s—mountedinits—applcation—AH—-markings
appligd are to be permanent and legible. When the device is marked, the arking-details
are to|appear in the uprating process documentation.

@C@

R
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4.2 Component selection,

Select

component or
device

usage and alternatives

Use component

T

Component
capable?

Component
capable?

]

|
|
|
T
|
1
|
|
423 | )
422 NO Understand 424 YES | Obtain customer
Reasonable > device Compliant to | approval (if
alternative package ECMP | required)
technology |
|
I T
Used within |
NO 2 I
Use_ temperature range? I Document
alternative |
]
/\l —— L) _‘ _____ |
4.3 Capability ad§essment
A
4.3.2 433
Assess package A assembly
capability risk
v v Nt
4342 Parameter 3.4.
Parameter >
re-characterization conformance Stress balancing
e-characterizatio assessment

Equipnjent ESS,

ATP, etc.
™ 4
435
Component
reliability
ssured
4.4 Quality assurance
Production
functional test YES
at temperature
capable of
3 validation YES
443 444
100 % Component 100 % LRU
test functional test
4.4
» ECMP QA <
process
4.4.5 Monitor component change data Quality YES
4.4.6 Collect and analyze failure data assured
IEC 830/13

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

Equipment ID number (if applicable)____ _

Equipment name (if applicable) Date _

Program manager

Name - Device engineer __
ID no. before uprate__ - ID no. after uprate
Equipment required temperature range: Max.

Manufacturer's specified device temperature range: Max.

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

Yes _No__
What |alternate solutions were evaluated, and why were they rejected?
Capability assessment process: Device parameter re-characterisati
Is the|package capable? Device stress balancing ___
Assembly testing __
Device testing __
Is the|device capable of operating in the required temperature ran
catasfrophic failure, unstable operation, loss of equipment functi
specific reliability of the device?
(Refefence or attach capability assessment report)
Qualify assurance process:
Is the
Devicg
Apprg
To be |
e An gdsed on
thq
e An
e An
e Anhex D, Figure D.2 for report form related to higher level assembly test at temperatures extremes method.

TEC 831/13

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

Device parameter re-characterisation

Glossary of symbols

The following terms and definitions are used in Annex A.

T,

room

Room temperature (25 °C)

Trated max-
Ttated{min’
Treq-max
Treq-min:
Ttest-n ax-
Ttest-n in-
UL:
LL: Minimum limit of a para
temperature range (sp
ULpay: bn
LLyin n
ULNev
LLg
My,
My
MUL-r =q: on
My dqg: wi‘ed 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

TR 62240-1 © IEC:2013(E)
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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

Equation (A.1) gives the relationship of the above temperatures:

a) Tt pst—-min = Treq—mln = Trated—mm = Troom
b) Tr om = Trated—max < Treq—max = Ttest—max
It should be noted that for the conditions expressed in Equation
charagterisation can apply for either condition a), condition b), g
A.2
A.2.1
The r d test
facilit range
that is data
sheet ay be
neces nd to
modif e A1
illustr
[%2]
Q
Q
>
()
©
5 Parameter Manufacturer Moplified
s distribution parameter pargmeter
= at application limit limit
?:;_ temperature limit
o
& : j >
: Change in
: : parameter
: : limit
: : o

Electrical parameter (e.g. rise time) ——p
IEC 832/13

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 may provide insight about a device’s expected performance over the target
temperature range. Simulation models, for example, the BSIM3 model for short channel
MOSFETs, may be used to estimate the effects of temperature variation on device parameters,
and therefore may be used to assess their uprateability [1]1.

A.3 __Capability assurance

A.3.1 Description

Parameter re-characterisation is a method of thermal uprating in ¥
are characterised over the target temperature range, using proc

the de¢vice manufacturer for original device characterisation. |
is sugcessful, the device may be used in applications in
meterfs are acceptable.

isation
para-

A.3.2 Parameter re-characterisation process

A.3.211 General

A.3.2J2 Critical parameter selecti

erised
ce of
e, is

All elgctrical parameters
over the entire target te
datasheet parameters

considlered in dec:ing
A.3.2]3 Sampl¥ size

Samp ovide
reaso L cause
the paramet i o ed for
each 9 turing

variahili lay be
applic

— nUmber‘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:

— process used to determine the sample size,

1 Figures in square brackets refer to the references given in Clause A.7.
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statistical distribution (assumed or known) of the parameters

confidence level,

other relevant information.

’—P

For each part

and

- 23—

Establish Treq-min, Treq-max

Determine critical
parameters

Check available
information on component

ool
oprateaotty

Component is not uprateg|

=2

e

Choose required confidence level, precision
on parameter mean and population
standard deviation

v

Calculate sample size N (Equation (A.2)) an
electrically test over Treq-min t0 Treq-m

margin

+

Increase sample
size/improve test
capa

bility

alculate idence
%{quat ns 3)

leula test qmpment
meassreryent error Ex

)y

Calculate margin M

Is the margin
positive?

N

v
Consider alternative
component

YES —» Re-write datasheet

\
v

LRU test pass

Circuit design

v

Functional test of
LRU over operating
temperature range

IEC 833/13

Figure A.2 — Flow diagram of parameter re-characterisation
capability assurance process
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In most instances, a normal distribution is assumed. For the normal distribution, the sample
size, N, is [2] [3]:

N:Z%xa 2
E

(A.2)
where
E is the required precision on the parameter mean,
Z,» [1Sthe vatue of standard normat vartapie at conffdence fevel (T — o) x 100 %, and
o is the standard deviation of the population.

In Equation (A.2), the sample mean is within £ of the true mean, aprobability of (1 - o).

Table| A.1 shows the results of an example calculation (standaxd were
obtairjed from typical device data).
Table A.1 — Example of sample si
Precision Standard ~ Sample size
deviation
(&) )\ B 90%\ 6 =95% | o=99%

Propagation delay 0,2 ns Oé{n\é 8 ( @ ‘\/ 9 14

Input|current 0,005 pA OMNLA\ 5 7 12

Supply current 0,15 pA 0,2}/\ 5 7 12

NOTE e data, t appropriate statistics are used.

NOTE p S, €
practice, this degree60R\detailed kno
acceptéble to assu
temperptures.

For large sampl
is:

t each test temperature has its own specific distribution. In
ely available, unless there is ewdence to the contrary, and it is
all test

han thirty, the confidence interval estimate of the [mean

(A.3)

(% )

For sqnall sample sizes, i.e., less than thirty, then the Student’s t distribution should be |used,

and the.éaonfidence interval estimate of the mean is:

o ] (A.4)

o

where s is the sample standard deviation and ¢,.y.¢ is the value of the Student's t 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 conduct-
ivity, etc;

— tafget 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\{&s eted during
paraneter re-characterisation. For example, if a plot of a gi » rature

indicates the relationship may not be linear, additional te ne its
exact|nature.

A deVice may satisfy its parameter specificatioprs i il te_function in an applidation.
Therglore, functional testing at the applicatjon i digital
devicgs, gate level design information\is reguiked to dev c fault
covergage. If the full set of test vectors is\qot ayailabl cult to
determine without detailed knowledge /©6f device n the

applidation is to be considered.

Testirlg may be performed\ bment

Prior o param [ isation\{esting, a set of requirements and limitations gn the
electrlcal parametérs s\ ¢ requirements and limitations depend oh the

applidation.

Acceqtable yppe lower (M| r¢q) margin limits should be established forl each
modified para

A.3.2)5 S \ electrical test results

If the| test resul dicate that there are no functional failures, if no discontinuitiels 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 may 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
limit

difference

Parameter margin (M)

Measurement accuracy (Ea)

|
%

\ <\\ }:28?3272{
AR
\/\

Confidence interval (2 x E)

n x s spread

Measurement accuracy (Ea)

\} IEC 834/13

ayétrical parameter measurement
esults of the sample test

Variafion due to sampli anfidence interval described in A.3.2.3. It is shown as|2 x F
in Fighre A.X

Paranpe iadlioRdis shown as n x s in Figure A.3. Usually, the standard deviation of the test
sample is use : sure 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 Figure A.3v/Test equipment accuracy is calculated with standard methods foynd in
basic |stdtistics texts. It may vary according to the test temperature.

A.3.2.6.4 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
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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
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)

Measurement accuracy (Ea)

n x s spread /\(\

Precision - half of the confidence interval (E)

Allowable parameter margin

v

G IEC 835/13

Sample value mean

Figure A.4 — Schematic ater limit modifications

Tahle A.2 — ParameteKre- actexj e: SN74ALS244 Octal Buffer/Driver
N
Rarameter Commeygi Iimi{\ i it\ary—H'éit Measured value at Derated limit
military limit (calculated)?
tpLy (hs) Min. 2,0 1,0 51 1,8

Max. «M\/\> 16,0 12,8 15,2

tpyL (s) Min. ) 3,0 6,7 1,9
X. 0,0 12,0 10,2 11,1

Vo (1) Mh\ \3,W 3,50 3,75 3,31
oL (1) \MB\\ >,40 0,40 0,18 0,42
: X
1S

Iecn (MA) I\/I\n\\> 9,00 9,00 9,10 7,65
Max. 17,00 18,00 14,14 18,60

MA) ,“Min. 15,00 15,00 14,71 14,50

Ico (

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 (PCN) obtainable from the device manufacturer or distributor and by
equipment level tests over the target temperature range, plus (or minus) a margin2. Functional
testing should be sufficiently rigorous to verify all system functional requirements.

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

Repeat capability

Monitor PCN <

assurance

A

Significant change YES
LRU test over Q\
Improvedest
equipment operational < equRBmEnt
temperature range &/ N

capable

NO

Component or device quality
not assured

IEC 836/13

Functional and safety )

A.5 3 5 k onsidered in parameter re-characterisation

Data
future| performance.

ateability assessments may not be an accurate indicator of exgected

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

Some device lots may include outliers [5], which limits the efficacy of sample testing (see
Figure A.6).

Jlﬂi PDeadiat $o0 OMAS (O]

LEmavivle v ) ouujc\.n o omvro—(outtet

identification and managemen
system) disposition [5]

Number of samples

If the|test temperature eyond the target temperature rangej} it is
difficdlt to detect e pa eter versus temperature curves. Likewise,|if the
test te mperature@r s are 00\ ide\diseontinuities within the test temperature rang¢ may
be missed. If the teg ind 8 _ngh-monotonic behaviour, then additional tempefature
point§ may have b \Fi e, A.7 shows an example of an intermediate peak|of an

electr|cal parame
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+4,0
=12V
Pins 1 to 2
E 0
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2
2
S 40
k)
2
g
Ny
X
S -80
5
8
(0]
g N
= 12,0
>
£
-16,0
-50
Figure A.7 — Example of intermediate S i : pback
During initial characterisatj it i - is i ical test
data, |[but hysteresis tes iinated i i isfence.
Hysteresis may be part
charagteristics change| due to i , ilfbrium
is not|reached. If S ects areabsexved, then dwell times at temperature shouild be
incregsed. If th r damage possibilities should be investigated. If
no other possible™Me pund, then the device may not be a candidate for
upratiphg.
Inflection pojrits~qbserveg ectrical parameters observed at extreme temperature ranges
should al 5 ested ermine if the failure type is hard or soft. Also, it shodld be
determi if the fai are due to changes in device characteristics, which could resur:t from
devicg failure ffects of extreme temperatures on testing fixtures and equipnment.
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 standard 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:
Device manufacturer:

Device manufacturer part number:

Equipment name:
Equipment 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: /\

4. Device date code(s): /\\ .

5. #Sample size: /\ \

6. #Functional test passed: \ \/

7. #Functional test failed: \ \ >

8. Test date: ( \ \\ \

9. Test results report: \ \\/

10. Approvals: <}7 \\)

(\ A\
N\ K'KQ/ IEC  839/13
Higure A.8 — Report form for doc device pa eter re-characterisation
A.7| References
[1] Micron Semicond jioral Models. Technical note, 1998.
[2] M ONTGOM RUNGER, Applied Statistics and Probability for
Bngineers. Ne 2 Sons, 1994.
[3] /" PATTERSON, Statistical Methods for Busines$ and
in Publishers, 1987.
[4] actox controllers. MC 34261 data sheet, 1996.
[5]1 EIA, Outlieridentification and Management System for Electronic Components. EIA{JESD
P, February 1998.
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Annex B
(informative)

Stress balancing

B.1 General
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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

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

B.2 Glossary of symbols

Ty: Ambient temperature
Ta-mak:  Manufacturer-specified maximum ambient temperaturg
Ty Junction temperature

ATy: Change in the ambient tempe
P: Power dissipation
Ppjin: Minimum power dissipatio

calculated from rMaxim

stem,

e Iso-

e Iso-

CL: Load capacitance/buffer
f Frequency of operation of the device
O)a: Junction to ambient thermal resistance

B.3 Stress balancing

B.3.1 General

For active semiconductor devices:

TJ=TA +P><9JA

where
T, is the junction temperature,

(B.1)
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Tp  is the ambient temperature,
P is the power dissipation, and

0,5 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 Equation (B.1), a higher
ambient temperature is allowed if the power dissipation is reduced sufficiently to keep 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 e S ring the
equipment ambient temperature range and the fact that temperatur Qm ambient
tempgrature outside the equipment. This results in a y rature
envirgnment for the device.

B.3.3

The gpal of this step is to determine which electrica para eters , y how
much] and to calculate the amount by which thg dissir n the
propoged application, in order to upraje t

In some circumstances it may be necessa in the
desirgd reduction in dissipated power.

NOTE | Various factors, such ¢as devi 3 bred in
selecting the parameters that mo t signifi affe uction.
As an g¢xample, the relatio 3 linear
for CMOS devices, and ch ibilities
include{ reducing the ::S

B.3.4 Determi

B.3.4]1

The doal of ¢his™sie S i i i i ween
devicg power\dissipatjon he ambient temperature, as defined in Equation (B.1). The
powe i i i tted against the ambient temperature, keeping the jupction
tempgrature : ¢ 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 (Pyay)- TO gccount
for inaccuracies in the data and calculations, the curve Is moved towards the horizontal axis by a suiltable 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 Pyayx — Pyin — 1 — I' is the uprated operating area. Combinations
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".

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 we derate one or more
parameters 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.


https://iecnorm.com/api/?name=43a71bf2a66f5ade9cfbbf8cb9be1fa7

- 34 - TR 62240-1 © IEC:2013(E)

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

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

TA =—9JAXP+TJ (BZ)

then a plot of power dissipation versus ambient temperature yields a straight line with slope —
0)5- If the line passes through the point (Ta_pax: Pmax): Where Pygy is the maximum power
dissipation specified by the manufacturer at the specified maximum operating ambient
temperature, Th_max then it is called the Iso-T curve.

To pIth the Iso-T, curve, the junction to ambient thermal resistance sho e knownJSome
data gheets include 6,, in a thermal characteristic section. The thermal reg value |in the
applidation also depends on factors such as thermal conductivity of the printed_circuit board,
proximity and power dissipation of neighbouring devices, airflow ¢ i bolant
physi¢al properties, die size, and thermal radiation properties gurfaces.
Most pf these factors impact the thermal impedance from caseito-a 3 all of them
can be modeled accurately early in the design process, i i 5, the
electr|cal and mechanical designers work together to determj , esistance data in
the apgplication using the best information available. ible, the'test or simylation
condifions under which the thermal resistance dats i m the
devic¢ manufacturer before the thermal resistan in the

desigh stage should be verified by testing in i envwironment and later [n the
develppment process.

A
Tup-Max Q)
1
3 TApp F7 NN, NI S A U W, .
=] : H
& : ~ Curve
3 : i <
E A i Iso-T S~
o TA-Max :
S Curve with\
B margins r
3
kC
Py
Ppin Papp  P'app Piax

Power dissipation
IEC 840/13

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

B.3.4.3 Constructing the Iso-7; curve using thermal analysis

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

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

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

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

therma

B.3.4.3|is likely to be more accurate.

B.3.5 Assess applicability of the method

If the|required maximum system temperature is lower than Typ-Max:
uprated by stress balancing. If the required maximum system te

Typ-mpx> then the required power dissipation is lower than Py, and
consigered.

A hoti
intersg
maximum power (Ppp,
All se]ected electr|cal parameters are/the
below Pppp.

B.3.6 Determine the new paramet

Figurg B.2 shows a generdli
the “allowable”
corres
electr
electr

NOTE

paramg
range 4
accoun

Value of parameter at specified maximum 7

\\>
New value of parameter

axis)
to the
ature.

ipation

er for

The vertical line

of the
of the

ctrical
fuency
en into

Electrigal paramgteér

\J

PMin PApp PMax

Power dissipation IEC 841/13

Figure B.2 — Graph of electrical parameters versus dissipated power
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B.3.7 Conduct parametric and functional tests

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

a) ensure that the device and the system operate satisfactorily with the newly calculated
conditions;
b) verify that the device will operate successfully in the new conditions;

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

d) chHeck the adequacy of margins for the extreme target application mperaturé and

sqglected derated parameters from B.3.4.

The teésts may be done at the device level, or using devices in the 4 ] avice may
satisfy its parameter specifications, but still fail to function in an 3 fon. prefore,
functipnal testing in the application or higher levels is considered.

NOTE |n choosing the sample size of devices to be tested, consideration i iV 8 ins, i esting,
and vafiations in the parameter values. The tests can be parametric ga/no- ) ice i tidered
succespfully uprated for the application if the test results demon th R qfully in
the apglication over the full target application temperature.

ermal
w the

Tests
equili

B.4
B.4.1

This g¢xample is presente \University of Maryland, CALCE, from a 1999 paper:

"Streds BalancingA A s{ronic Parts Outside the Manufacturer Spégcified
Tempgrature R

The HRairchild M re as an example to illustrate the stress balgncing
procep e maximum application ambient temperature is 85 °C
and t ini appli mb|ent temperature is —40 °C. The MM74HC244 is an| octal
3-stat Sh\ cally used to buffer a bus before connecting to input or output
devicgs At \ logic dévice rated for a —40 °C to +85 °C ambient temperature nange,
and is Y i i¢ dual-in-line package. The data sheet recommends operatioh at a
suppl V, 4,5V or 6 V. Absolute maximum rating for power dissipatjon at
65 °C|is 600.mW h 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 tempefature

limit) [s <360 mW. For this example, assume that the digital logic levels of the system are|4,4 V

(mlnl 'ulm\ fnr high ond n 1\ IMQV|m||m\ fnr Ir\\u Ernm fha rlafa ehoof +h|e rnnunrnc L = 6 V
A ek " CU .

B.4.2 Determine the ambient temperature extremes

The system ambient temperature range is —40 °C to +85 °C, however it is assumed that a
15 °C temperature rise occurs from ambient temperature outside the equipment to ambient
temperature 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

CMOS devices typically have negligible quiescent power consumption compared to the power
dissipation during switching. The power dissipation (P) of a CMOS device is given by the
equation:
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(B.3)

P =(Cpp +CL)Vee” f+Voc Ice
where
Cpp Iis the power dissipation capacitance,
C_ is the load capacitance,
f is the switching frequency,
Icc is the quiescent supply current, and
Vee is the supply voltage.
From e Fairchifd 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 i st cong
in the|data sheet.
From |Equation (B.3), power dissipation can be red
or thg operating frequency. In this application, hc
the lopic levels of the system, so V¢ e
frequgncy is reduced from its maximi
360 MW, at Vo =6V is 13 MHz, and
devicg¢ be operated at a frequency no lg

dissipation is 100 mW.

InC
contri
printe

A con
After
value

B.4.4

servative
the printed cirg
of C| may be

An s
Figur
85 °C

B.4.5

M74HC244 plotted from the Fairchild data sheet is sho
aximum power is 360 mW at a maX|mum ambient temperat

Determine whether or not the device can be uprated

itions

bltage
affect
rating
on of
br the
bower

imary
o the

ipation.

actual

wn in
ire of

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 (TU -Max)
is 106 °C. At the maximum application ambient temperature (100 °C), it is observed that the

new power value is 170 mW. The device can thus be operated at 100 °C,

dissip

ation is kept below 170 mW.

if the power
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120 :
/ Iso-T curve using 83,3 °C/W slope
110 A
100
s Target application
e Ta =100 °C
o 90 1
5 Rated max 7p = 85 °C
g | 80 1
8
5
el £ —
€| 701 k5 -
£ 2 s 15
sg:  2Eio :
60 @ E §o1 ® %z
g8 F= g P 8 g
i Sui g E o4
o Scl 3 T Q
50 T 5 T2 1 o o
Q?-(E g.% i = O
£8; 812 NEOR
40 T T \/
0 100 20 04 0 5 600
IEG 842/13
B.4.6 Determine the
As specified in < iIRiMUX gt which the buffer can operate in the sysfem is
100 MW and the méx S iied ¢ a1t power is 360 mW. Using Equation (B.3), opé€frating
frequegncy is plottedq 5 isgipation, and is shown in Figure B.4. From thq data
sheet|values and<appli i
(B.4)
Figurg¢ B.4 is(plo with the data sheet specified values for the various parameters|, with
Vee =6 V and € =80 pF. It is also noted that there are eight buffers in the MM74HC244N.
From [Figure B.4, the frequency is 6 MHz at 170 mW. Thus the device can be usedlat 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,

increased margin above the junction temperature maximum plotted from Figure B.1 is used.

B.4.7

Conduct parametric and functional tests

or an

Normally, the device is tested at T,_j .4 t0 ensure that the device will operate satisfactorily in
the required environment.
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1,00 x 108

Value of frequency at rated maximum
Ta, 85 °C = 13 MHz

7
1,00 x 10 1
New value of
frequency = 6 MHz

Erequency (Hz)

Assumed minimum frequency of
the buffer required (or can be tolerated)
by the system = 3,5 MHz

Calculated minimum
power = 100 mW

1,00 x 10%-
10

100
Power dissipation (

Figure B.4 — Power versus frequency cur

B.5 Other notes

B.5.1 Margins

The ¢ ncing
are manufacturer-specifi ad f value
of power dissipation algo h < ins. It may’be prudent to add additional margin (Py,)
in cal npe eling,

evice
n, are
cess;

value|of 6,5 and actua
electr|cal param, rom the derated value of power dissipatio
also being subject’te > accommodate the errors inherent in the prg
howe

If ap
test if
This wi

s, the
argin.

B.5.2

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

The power dissipated by the device is the power that is lost as heat, and is not the same as
the output power. For CMOS devices, all the power drawn by the device is dissipated,
because the output current is negligible. However, for certain devices, data sheets may list
only output power. The dissipated power is calculated from additional data obtained from the
manufacturer.

Stress balancing can be used for uprating devices above the rated maximum temperature limit
only. The relationship given in Equation (B.2) does not apply to evaluating devices for use
below the manufacturer—-minimum specified temperature limit. Other methods such as
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parameter re-characterisation may be used for operation of devices below the specified

temperature range.

B.4.2

Determine Ta-Max
in the application

B.4.3
Select parameters
that can be

derated

B.4.4
Construct an
Iso-T)
plot

'

B.4.5
Can
uprating be done
through stress
balancing

Figure B.5 — Flow chart for stress balancing

lore ather

[o) osg\anot
devic
N

uprating method

N/

IEC 844/13
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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:

1. Rated temperature range (case or ambient):

2. Usage temperature range (case or ambient):

3. Test specification number(s):
Parametric:
Functional:
\ 8

4. Parameter(s) chosen for derating: Q

5. Iso-T, plot (please attach separate sheet): <
(\ }7 A

6. Amount of margin (or derating) below/junstion erature O
maximum to be used:

7. Power dissipation in device with derated pa@te}\\>

N~
8. Derated value of p[a</tir,\sdosen fw

9. Verificatio 5 results agr ith ¢ uwme (document
results and\a .
A\

10. Approg&\ \\/

\FIQM— Report form for documenting stress balancing

EC 845/13
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Annex C
(informative)

Parameter conformance assessment

Cc.1 General

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

manufacturer’s published data sheet parameters.

The fpllowing references to statistical methods are suggested as tqols i inirlg the

statis{ical confidence in the options listed in Annex C:

MONTGOMERY, D. C. and G. C. RUNGER, Applied Statistic and 20 ineers.

New York: John Wiley and Sons, 1994.

PFAFFENBERGER, R. and J. PATTERSON, Statistica mics.

Scarbprough: Irwin Publishers, 1987

IRESON, G. Reliability Handbook. New

C.2 Test plan

Cc.21 General
nples.
urer’'s
Iways
test if

ot avallable from the device manufacturer. The manufacfurer’s

ed as

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