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INTERNATIONAL ELECTROTECHNICAL COMMISSION

USE OF SEMICONDUCTOR DEVICES OUTSIDE MANUFACTURERS'
SPECIFIED TEMPERATURE RANGE

FOREWORD

1) The IEC (Internatlonal Electrotechnlcal Commlssmn) is a worIdW|de organlzatlon for standardization
is to

and
hrds.

the

non-

ates

ifions

2) , an
international consensus of opinion on the relevant subject has
representation from all interested National Committees.

3) The documents produced have the form of recommendatiops for inte nd are published ip the
form of standards, technical specifications, technical reportg™ y are accepted by the
National Committees in that sense.

4) In order to promote international j i E iong es undertake to apply|IEC
Ipternational Standards transparently 8 S n the|r natlonal and regjonal

andards. Any divergence between the IE dard
all be clearly indicated in the latter.

5) i i indi 3 al and cannot be rendered responsible for

6) ion i s{bility € onts of this International Standard may b¢ the

A S sible for identifying any or all such patent rights.

Thisg - puplished using a rapid procedure as a result of

techni § S perts working on the subject within the IEC. [The

norr 4 ) “the preparation of an International Standard is pursued in
paral ill be withdrawn upon publication of the correspongling

Inte

IEC} een processed by IEC technical committee 107: Progess

mar

The t€xt of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in

the following document:

Draft PAS Report on voting

107/3/PAS 107/8/RVD

Full information on the voting for the approval of this PAS Pre-Standard can be found in
the report on voting indicated in the above table.
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Introduction

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

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

If there are no reasonable or practical alternatives, then
manufacfurers to use devices in temperature ranges those specified by the device
manufacfurer. If properly documented apd sontrefted, thi 2y be used by electronic
equipment manufacturers to meet the design go hei I

This dochiment prescribes practices and proceduresstosselest semiconductor devices; to assdss their
capability to operate; and to assure their it ity\in the wider temperature ranges. [t also
prescribgs the documentatiog’of\such usa

1. Scope

This dociiment pre i ¢miconductor devices in wider temperature fanges
than those specified by ded ipufacturer. It applies to any designer or manufacturer of
equipment intended £0 ier conditions that require semiconductor devices to function in

temperatfire range

This dochiment 15 intendgd-for applications in which only the performance of the device is gn issue.
Even thou RVISed d at wider temperatures, the wider temperatures will be limitgd to
those th ‘ ‘ is€ the system performance or application-specific reliability of the
device in| the appli¢ation,» Specifically, this document is not intended for applications that rpquire
the devide to(function at an operating or environmental stress level that significantly increages the
risk of cgtaStrophic device failure, loss of equipment function, or unstable operation of the device.

The use of devices outside the parameters specified by the device manufacturer is discouraged;
however, such usage may occur if other options prove to be impossible, unreasonable, or
impractical.

Note: Alternate means of thermal uprating may have been performed prior to the implementation of this document
by the equipment manufacturer. Rationale for decisions made may have been valid considering the application,
semiconductor market conditions, experience with the particular component manufacturer, etc. at the times these
decisions were made. Field performance using these methods also may validate their use, however, their continued
use must take into account the risk of changes to the subject devices such as feature size reductions, material
changes, etc.
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2. References

2.1 Normative References

Not applicable.

2.2 Informative References
IEC PAS, Electronic Component Management Plans.

IEC 60134, Rating Systems for Electronic Tubes and Valves and Analogous Semiconductor
Devices (1st Edition, 1961).

3. Terms and Definitions

Note: [The terms uprating and thermal uprating are being used increasingly in a
meetipgs, and clear definitions are included in this clause. They were coined 3
case off methods commonly used in selecting components for circuit desigry
and pfocesses for implementing this special case. All of the elements of
commpnly used engineering practices. No new or unique engineg
procegses: only a rigorous application of the overall approach.

ssions and
o a special
e methods
hose \processes emploly existing,
ledgd is\required to fdllow these

The folla ices
outside tl

Absolute pplicable
to any se

exceeded facturer
to provid riations,
and the gffects of changes in ing iti iati i isti the
device under consideration and a S i€es 1 i . 4, 1st

Edition 1961).

temperatut
Case tem

operation.

Ambient
operating

Circuit H
ranges af
functiong

Device c
providing
time. It 2 2
and includes additional testing or analy51s to evaluate expected performance at the wider
temperature range. Device capability assessment includes both performance and application-
specific reliability.

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

ECMP are the initials for Electronic Component Management Plan.

Semiconductor devices are electronic devices that are not subject to disassembly without destruction
or impairment of design use. They are sometimes called electronic parts or piece parts. Examples
are diodes, integrated circuits, and transistors.
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Electronic equipment is any item, e.g., end item, sub-assembly, line-replaceable unit, shop-
replaceable unit, or system produced by an electronic equipment manufacturer.

Junction temperature is the temperature of the active region of the device in which the major part of
the heat is generated. (adapted from SEMATECH)

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

Manufacturer-specified temperature range is the operating temperature range over which the device
manufacturer guarantees the electrical parameters of the device. (see Rating).

Note: pfamufacturer=speciiicd tTemperature Tange 1S @ SUDSet Ot e TeCoIeied OpeTatimE O tHOTTS:

May indifcates a course of action which is permissible within the limits of thi§

determingd for specific values of environment and operation, and may itable

terms. (fiom IEC 60134).
Note: [Limiting conditions may be either maxima or minima.

Parameter conformance assessment is a process for thermal
assess th
range.

e fested to
erature

Paramet
electrical
manufact

ver the

Paramet ters are
character

manufacf

Rating 13
semicondluctor devi<>
Recommended operating t

specificafions are guafs

Should indica mong several possibilities, one is recommended as particularly suitaple,
101} 4 ing others; or that a certain course of action is preferred but npt
necessarily requ in the negative form) a certain course of action is deprecated hut not

Stress bdlauncing is a process for thermal uprating in which at least one of the device’s elecfrical
parameters-tskeptbetow-tts maxmmum-atowable timit to-redueeheatgeneratton;thereby-aflowing
operation at a higher ambient temperature than that specified by the device manufacturer.

Target temperature range 1s the operating temperature range of the device in its required
application.

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

Uprating is a process to assess the capability of a device to meet the performance requirements of
the application in which the device is used outside the manufacturer’s specification range.
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Wider temperature range is a target temperature range outside the manufacturer-specified
temperature range. It may include temperatures that are higher or lower than the manufacturer-
specified temperature range, or both.

Will expresses a declaration of intent.

4. Objectives
The objectives of this document are:

* To ensure that device usage outside the manufacturers’ specified temperature ranges is done
only with appropriate justification; and

* To ensure that, if it is necessary to use devices outside the manufacturers’
ranggs, it is done with documented and controlled processes that assurg
equiffment.

5. Using Devices Outside the Manufacturer's ature
Ranges
Devices psed outside the manufacturers specified temperature their

capability is assessed (5.2), their quality is assured (5.3), a Htes d by the
flow chaft of Figure 1.

Note: [The headings of this clause are keyed ¢ the

5.1 evice Selection, Usage and Alternative
The equipment manufacturer shall design\so tit1
maximurh value for the interided serviceis excetded for any device under the worst probabje

operating conditions withjxgsp tage variation, equipment device variation,

equipment control adjustment, i jatie i variation, environmental conditions, yariation
in charagteristics 0@1 i ]

equipment.

detail to
| that the

5.1.2 ompliance with the Electronic Component Management Plan

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

Note: IEC PAS Pre-Standard 62239 is recommended as a resource for an ECMP

The use of devices outside the temperature ranges specified by the device manufacturer is
discouraged; however, such usage may occur if other options prove to be impossible, unreasonable,
or impractical. Justification for such usage may be based on availability, functionality, or other
relevant criteria. In no case will such usage result in a design that:
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Requires the device to operate at an operating or environmental stress level that significantly
increases the risk of catastrophic device failure, loss of equipment function, or unstable operation of
the device; or

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

5.1.3 Alternatives

A review of alternatives shall be carried out 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
shall be $elected. The results of the evaluation shall be documented.

Note: Examples of potential alternatives include:

* Using a device specified over the required temperature range, wit ioh, but
* Using a device specified over the required temperature range identicakt ioh, but a

» Using a device specified over the required temperat ‘ h, but a

e Using a device with the identical function, but axspg cets the

*  Modifying the equigmentspecif I rith the
cust

*  Modi g
customersang

* Negdti 1re
rangg.

For mostlapplications, the preferred device for use in a wider temperature range should be the one
for whicl the’extension beyond the specified range is least.

Note: As an example of this requirement, consider the case in which the required ambient temperature is 92 °C, and
no device specified to operate above 85 °C is available. If the two available devices have specified maximum

temperatures of 70 °C and 85 °C, then the 85 °C device should, in the absence of other factors, be given preference
regarding temperature.

5.2  Device Capability Assessment

5.2.1 Device Package and Internal Construction Capability Assessment

Device qualification test data and other applicable data shall be analyzed to assure that they support
the operation of the device over the end use temperature range and that the package and internal
construction type used in device qualification is the same as that to be used in the end application.

—9-—
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Device qualification test data and other applicable data shall be analyzed to assure that the package
and internal construction can withstand the stresses resulting from wider temperature cycling
ranges, and that the package materials do not undergo deleterious phase changes or changes in
material properties in the wider temperatures.

5.2.2 Risk Assessment (Assembly Level)

A preliminary risk assessment is prudent at this point to help guide decisions regarding the
method(s) of capability assessment to be used, as well as how and when they should be applied.
Understanding the risks on an application-specific basis enables “risk informed” decision-making
and thereby a prediction of the impact of critical decisions.

wthe use of devices

The process for assessing risks should consider applicable factors associated wi
: cutmay include:

beyond the manufacturers specified temperature range. Risk factors in thi

* Appljcation criticality into which the device will be used.

* Consgquences of failure at device, circuit and system level.
* Type|or technology of device under consideration.
* Manuyfacturer data available for the device.

*  Qual

* Com; rmeéd at extended tempejrature.

e Ident models for each.

Details occurrence, and acceptable mitigation

ach risk normally falls into ope of the

acomsequences of occurrence are loss of edquipment,
Functionality risks impair the product’s

h the consequences of occurrence are financial impacts
oducibility risks determine the probability of sudcessfully
product (where “successfully” refers to some combination of

ible, and each approach constitutes a unique mixture of risk npitigation

of @ preliminary risk assessment should provide insight and assistance to the

selection| of & yiable approach or approaches for establishing the capability of devices bging used
outside the manufacturer’s specified temperature range.

5.2.2.1 Device Parameter Re-Characterization

Device parameter re-characterization consists of characterising the device parameters over a
temperature range beyond that specified by the device manufacturer and, as a result, re-specifying
some of the data sheet parameter values or tolerances in the wider temperature range. The device
then may be used in applications in which the newly specified parameters provide the required
functionality.

If device parameter re-characterization is chosen for capability assessment, then the process
described in Annex A shall be followed.

—-10-
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If device parameter re-characterization is chosen for capability assessment, it shall be used in
conjunction with a quality assurance process that includes device testing, as described in subclause

5.3.1.

5.2.2.2

Device Stress Balancing

Device stress balancing consists of operating the device at a temperature above that specified by the
device manufacturer; and compensating by reducing at least one of the other operating parameters,
e.g., power, speed, to the extent that the junction temperature remains below its maximum rating,
with acceptable specified margin.

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

B shall b

5.2.2.3

If device
tested ov

Sampling
less than
assembly

5.2.24

Higher a
wider ter

If higher
Annex D

Note
item.

Note ]
then ¢
testing
testing

The folld

1. Perfg
parar]

rangg.

2. Revig

e followed.

Device Parameter Conformance Assessment

parameter conformance is chosen for capability assessme
er the entire wider temperature range, according to the p

4 is to ensure that, if testing is used to assess device
entire wider operating temperature range. Higher-assg

neterstq_beMtestediw order to assure assembly functionality across the target tempe

pw the’ assembly level test plan to determine its capability to test the parameters req

e entire

pbed in

or the end

capability,
mbly-level
additional

/
rature

juired

for st
to be

ceescful onerationin the assembly Ifthe test nlan 1e not canable and cannot be
oyt 0peaHolHtHeaSSEe b —HtHHetestPidbi-y HOHcd pPaoresala-caBHO+ 6

T

capable, than this method of uprating is rejected for the application.

3. Conduct the test, analyze the results, and document the conclusions.

hodified

4. Insert instructions in the maintenance procedures to require full acceptance test over the target
temperature range after every maintenance action that involves replacement of an electronic
device, unless the maintenance manual provides adequate alternate procedures. This test should
be conducted at an assembly level at which the original capability assessment was done, or
higher.

-11-
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5.2.3 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 to have a guarantee of lifetime in any application, because they do not
know what the use conditions will be. Caution should be exercised when using past experience of
the device within the manufacturers specified temperature range to infer reliability outside of the
manufacturers specified temperature range.

New and/or accelerated failure mechanisms, which might be evident at the wider temperature range,
should be clearly identified and their effects on reliability established.

The following steps shall be followed:

1. Qualify the devices according the requirements of the user’s Electronic Jomponrent

Manggement Plan, as specified in 5.1.2 of this document; qualify electfic > of the
devides over the intended range of operating and environmental co; tability
stresq conditioning exposure that reflects the life cycle of the application; and de ¢ a
margjn, supported by analysis using adequate data from the in R {catiqn, } en the

maximum operating junction temperature and the absolute
tempgrature.

2. The gbsolute maximum rating of the junction temp huse 3 of
this document, with a default margin of 20°C showld ne ceeded. Other margins njay be
used if the device user has data to justifynther
Note: [Device reliability can decrease as junctio on of time
in appjlication at that temperature. If the ax um in the
applicption, the reliability impact should be addrgssed. a b Cify a high
tempefature environment in wht evice\is require & vice is not
driven by a thermal condition ANY: §

5.3 Dlevice Quali
Regardless of the p

ted in the eq

e device
nd

he intent of this/guide-line is to monitor the devices to assure that, subsequent to the capability assurance
, 410 changes are made in the design or manufacturing processes of the device that will adverselly affect its
capabllity in the wider temperature range

5.3.2 Device Parameter Conformance Testing

If Device Parameter Conformance Assessment (5.2.2.3) or Higher Assembly Level Testing at
Temperature Extremes (5.2.2.4) is used for capability assessment, then the device quality shall be
assured through Device Parameter Conformance Testing (this section), Higher Level Assembly
Testing (5.3.3) or both, depending on the results of the risk assessment in 5.2.2. See Figure 1 for a
flow chart of this process. If this method is used for quality assurance, the device assessment
process shall be done initially by testing all individual devices before use in production equipment
or by temperature testing all production equipment at the temperature extremes.

—12-—
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Based on data derived from such testing, testing may be reduced or eliminated by satisfactory test
history and by effective supplier change notice monitoring. The sampling rate, confidence limits,
and decision criteria shall be as stated in Annex C.

5.3.3 Higher Level Assembly Testing

If Higher Assembly Level Testing at Temperature Extremes (5.2.2.4) or Device Parameter
Conformance Assessment (5.2.2.3) is used for capability assessment, then the device quality shall
be assured through Device Parameter Conformance Testing (5.3.2), Higher Level Assembly Testing
(this section), or both, depending on the results of the risk assessment in 5.2.2. See Figure 1 for flow
chart showing this process. If this section is chosen for quality assurance, a process similar to that
outlined prAnmne rert-be-use A apye e-assembly—tes ate the
uprated device at the target temperature. Assembly level tests are designed tg ctional

product gre typically verified at the sub-assembly or end-item level. T
typical cqse and the process described here is that the device’s role }

target terhperature range.

5.3.4 d‘I:hange Monitoring

Device
warning pf device changes that may affe
temperatpre range as established in 5.2.

rider

5.3.5 Cl
Failure data should be collected for 4 { ) data
should b¢ analyzed and cg i i o)

Failures of devices used iq
of the faillure. @

When faf

I cause

54 D

For eachli levant

informat
The docy

* Equipment/in which the device is used

* Device identification;

* Required operating temperature range;

* Manufacturer-specified operating temperature of the device;
* Alternatives considered and rejected;

* Process for assuring device capability in the wider temperature range (including test and
analysis results);

* Process for assuring device quality in the wider temperature range (including test and analysis
results);

* Required signatures;

—13-—
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¢ Risk assessment results.

Note 1: Required signatures include those of the responsible authorities within the equipment designer’s
organisation and, if required, those of the customers.

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

5.5 Device Identification
All device identification processes shall be consistent with other industry processes.

For each instance in which a device has been determined as having met the application's wider
temperature range requirements, through parameter re-characterization or (5.2.2.2) or device testing

(5.2.2.4)] the device’s status shall be identified as having met the requirement cified infthe
yeeifiedl in the

design ad

design ag Ch as the
CAGE ¢ h
occurren i equireierits ¢f the
applicati and
maintengnce to establish that the device has met the requirem®ats 0 ization

or (5.2.2

If the dey i i rginal manufactufer's

marking d shall

be permd

nent and legible.

—14 —
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5.4 Documentation

|
| |
: 5.1 Component Selection, | : |
| Unc?é:s':and Usage and Alternatives : | Use Component | |
|
Iy coaelgr?:ent —» component and YES | | |
| P package | | |
| 2 technology | : |
: 512 | | Obtain Customer | |
| NO Compliant to YES | YES Approval (if |
| ECMP : | required) |
| | ' :
| | ! T |
[ | ' |

|
: Use YES 513 Used within I | |
. Reasonable Document |
| alternative alternative emperature range? | |
| | I Y |
| | ' |
- _ e = e —— ——

[mmmmm | =

i 5.2 Capability Assessrient
521 52.2
A package » Assess Assembly
capability Risk

\
v v v [

5.2.2.1 po223 5224 </\ R [
arameter . 5.
Parameter Higher Level Assy.
Recharacterization Conformance Test @Tem \ Vg
Assessment Wg{

ponent

Capable?

Component
capable?

Equipment ESS,
ATP, etd

Y

A

o )

N

523
Component
Reliability

5.3 Quality Assurance

Production
Functional Test

YES

@Temp
Capable of
Validation YES
53.2 533
100% Component 100% LRU
Test Functional Test
53
> ECMP QA <
Process

H

5.3.4 Monitor Component Change Data
5.3.5 Collect and Analyze Failure Data

Quality
Assured

Figure 1: Flow Chart for Semiconductor Devices in Wider Temperature Ranges
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WIDER TEMPERATURE RANGE DEVICE USAGE REPORT

Equipment Name (if Date

applicable) Program Manager
Equipment ID no. (if Component Engineer
applicable) ID no. after uprate
Name

ID no. before uprate

Equipment Required Temperature Range: Max. Min.
Mfr’'s. Specified Device Temperature Max. Min.
Range

mamnagement plan?
Yeg No

Capability Assessment Process: Device Parameter Re-
Is the package capable? Device Stress Balanging
Assembly Testing ‘

significantly increased risk of catastrophic fail
equipment function, or adversely affe¢
devjce?

Is the device’s quali

Apfrovals (\

Figure 2: Rep m Wnting Device Usage In Wider Temperature Ranges
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Annex A. Device Parameter Re-characterization

A.1  Glossary of Symbols
The following terms and definitions are used in this Annex.
Troom: Room temperature (25 °C)

T ated-max: Maximum temperature at which part manufacturer guarantees operation of a
part in accordance with the pnh]iqhed data sheet

Trated-r hin®

Treq-ma X+
Treq—mi h-
Ttest-m X+

Tiest-mip:

UL:
LL:

ULMad:
LLmin
ULney:
LLNewf
Myy:

DI

\ture

M 1: \ture

MUL-re : n

M Lrely: Required margin of tested parameter value at extremes of target applicatign
temperature range with parameter limit

E: Precision of sampling for mean of a parameter
Ea: Measurement inaccuracy

o: Population standard deviation

S: Sample standard deviation

n: multiplier for standard deviation (typically 3)

V& Mean of a population

- 17 -


https://iecnorm.com/api/?name=1a6eac13341ce60ae108426f26852b23

Copyright © 2001, IEC

Part manufacturer The operating temperature range over which the part
specified temperature manufacturer guarantees the electrical parameters of a part (part
range manufacturer-specified temperature range is a subset of the

recommended operating conditions).
The range between Tiated-min aNd Trated-max

Target temperature range  The operating temperature range of the part in its required
application. This temperature range may be wider than the part
manufacturer specified temperature range.

The range between Treq-min and Treq-max)

Test t¢mperature range The temperature range over which a pa jeter
re-characterization
The range between Tiest-min and
Equatign 1 gives the relationship of the above temperat
a)Ttest, . <Treq,, .
Equation 1
b)Troom < Trated
A.2  Rationale for Parameter Re-charactexizatio
The re-gharacterization pro i ' byithe user of the device, or a designated test
facility] It measures elegtrica 3 and their yariations over a target temperature range

that 1s wider than that specifie gl arrutacturer. Based on test results, the dath sheet
paramefers may b, da d if test results so indicate. It may be ne¢essary
to mainftain the dat » thers.

The new parameter li S
rationale for para
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T A

Parameter Parameter

@ distribution at distribution at Manufacturer Modified

LS’ manufacturer application parameter parameter

8 temp limit temp limit limit limit

= :

o .

& : 5

g A— : ;

-} N >

o »

o

a el

aramecer

A.2.1 |Assessment for Uprateabilit
Before pny testing is performed, data fro ould be analyzed to detgrmine
if it is rpasonable to attempt parameter r¢ Typical sources of such data ipclude
users of similar devices in simjilar applica t laboratories, manufacturers, and indugtry
organizptions.
Device manufacturers’ o0f devices within their specified tempgrature
limits. ]f they can manufacturer, data from these processes may
providg| insight ab ormance over the target temperature range.
Simulaf for short channel MOSFETs, may be used to estimate
the effe evice parameters, and therefore may be used to assess
their “uprateabihi
A3
A3.1
Parameter're-characterization is a method of thermal uprating in which the part parameterf are
characterized over the target temperature range. nqing processes similar to those used hy he

device manufacturer for original device characterization. If parameter re-characterization is
successful, the device may be used in applications in which the re-characterized parameters are
acceptable.

A3.2

Parameter Re-characterization Process

Figure 4 shows a flow diagram of the parameter re-characterization process.
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A.3.2.1 Ciritical Parameter Selection

All electrical parameters that are critical to the application should be identified and re-
characterized over the entire target temperature range of the application. Possible

interdependence of datasheet parameters, e.g., logic voltage dependence on supply voltage,
should be considered in deciding which parameters to include.

A.3.2.2 Sample Size Determination

Sample sizes for parameter re-characterization should be sufficiently large to provide reasonable

assurance that normal variations in the re-characterized parameters will not
to be oytside their re-characterized limits. The sample size should be dete
instanc¢ of parameter re-characterization. Factors to be considered may

Nuthber of devices available for testing,
Types of parameters to be tested,
Target temperature,

Respurces required to conduct the tests,
Desired confidence level for the results,
Dedired parameter margins, and

Othgr factors relevant to the device an

For each instance of paramet

Pro¢ess used to dete
Stajstical dis
Cornfidence level, &

Othgr relevant

use the parameters

cluded
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> Establish T Troqmax

For Each Part
\

Determine Critical
Parameters

Check Available
Information on Part
Uprateability

Part is not Uprateable—

Yad™ H &l £l L L o
Choese—reetired-eonfidencetevelpreeision
on parameter mean and population
standard deviation

Increase sample
size/improve test
capability

A

<

Calcyfate conflde e
interv. IX

/\\¢

DN
Saculbt Périn

rror E

sdatasheet change
required

NO

Calculate sample size N (equ" 2) and
electrically test over Treq-mln to Treq max T
margin

3

v
Consider Alternative
Parts

Re-write datasheet

:

Circuit Design

x

Reject

@4

LRU Test Pass

Functional test of
LRU over operating
temp range

Figure 4: Flow diagram of parameter re-characterization capability assurance process
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In most instances, a normal distribution assumed. For the normal distribution, the sample size, N,
is [3][4]:

7, xo [
N =0O0£__ [ Equation 2
HE H
Where E is the required precision on the parameter mean,

Zas2 18 the value of standard normal variable at confidence level a, and

0O is the standard deviation of the population.

In this ¢quation, the sample mean is within #E of the true mean, with a probability of.(I-().
Table 1|shows the results of an example calculation (standard deviati alues\wexe obtaiped
from typical device data).

Precision Standard \ §§ le éize

(E) deviation S ; A
= = =99¢
@ / - %] as95% 99%
Propagation delay 0.2ns 0.3 fis \/)/ /\7 9 15
Input current 0.005 pA < \O\OQMA< & \J5 7 12
Supply current 0.15 pA } \&\}\ 12
Notgq:
Notq: g aramete gach/test temperature has its own specific distribpition. In
pracfice, thi iled ¥ e is\tarel\ravailable. Unless there is evidence to the contrary} and it is
acce b ame \distoibytion parameters apply to all electrical test parameters gt all test
temy]
For larg 17€5% gréater thamthirty (case 1), the population standard deviation (s) is:
Equation 2

For smj /less than thirty (case 2), then the Student’s ¢ distribution should be

g interval is:

X+ E‘,_a XL,_E Equation 3
L U

Where s is the sample standard deviation and #4/,.y.; 1s the value of the Student-t distribution at
the confidence level a and N-1 degree of freedom.

A.3.2.3 Testing

Parameter re-characterization tests should be conducted over the entire target temperature range,
and also at points 15-25 °C above the maximum and below the minimum target temperatures.
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Tests should be conducted at various temperatures within the target temperature range. The
number of test temperatures, and the intervals between them, may not be the same for all
instances of parameter re-characterization. Factors to be considered in determining the test
temperatures may include:

* Device manufacturer’s specified temperature range;

e Other thermal data obtained from the device manufacturer, e.g., thermal conductivity, etc.;

» Target temperature range;

e Othpr uses of the test data, e.g., performance derating; and

* Preyious relevant experience with the device.

Additi

re-charjcterization. For example, if a plot of a given parameter vg:

Gate ley
If the fy
without
test veg

Testing

supplief i

Prior to
electric
applica

Accept;
modifie

A3.24

If the te
n any d
for the

A3.2.5

al test temperatures may be specified on the basis of tests cos

quirements and limitations on the

h| parameters sho ) rements and limitations depend on th|
ion.
ible upper ) fy. - req ) margin limits should be established for

t there are no functional failures, if no discontinuities are obs
. temperature plots, and if the modified parameter limits are acc
hpplication; then. the uprating process can be considered successful.

Re-characterized Parameter Value Calculation

amneter

he
nature.

erage.
mine
lude

ent

[¢)

cach

erved
pptable

Re-characterized 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 6 illustrates the method by which they are combined.

A.3.2.5.

1 Nominal Values

The nominal value of a re-characterized electrical parameter is the value selected for use in
designing equipment with the re-characterized device. It may be constant over the target
temperature range, or it may vary with temperature in a predicted manner. Usually, the mean
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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.3.2.5.2 Variation

Manufacture specified parameter limit

Parameter margin (M) P ¢
arameter

limit

&
AN

Measurement accuracy (E,)

n*s spread

compongnt of
measurgment

Confidence interval (2*E)

n * s spread
Measurement accuracy (E,)

Figure¢ 5: Margin in electr le test

Variatign due to sampling wn as
2*FE i Figure 5.@

Parameter variation : ¢ W Wigure 5. Usually, the standard deviation of the test
samplelis used as the mea ‘ eter variation, with the number of standard deviatipns, 7,
determined o sk. Variation in test equipment accuracy is shown as Ey4
in Figute 5,.Test equipnien acy is calculated with standard methods found in basic

statistigs texts: ‘:\- varyaccording to test temperature.
A.3.2.5{3 Margi

The pafjameter margin, M, is calculated by:

M=UL—}—EA—nDs—E Equation 4

A.3.2.6 Parameter Limit Modification

If a given parameter margin is considered inadequate (M <0 ), then the data sheet parameter
limits may be modified to provide new limits to be used in equipment design. Parameter limit
modification begins with the selection of the required margin for a given temperature. Potential
variations calculated in A.3.2.4.1, A.3.2.4.2, and A.3.2.4.3 are added to, or subtracted from, the
nominal value of the parameter at the given temperature. If the modified parameter values thus
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obtained are beyond the maximum and minimum parameter limits determined in clause 3.2.2,
then the device is not uprateable through parameter re-characterization. Figure 6 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 2 shows an example
of re-characterizing a 0 °C to 70 °C rated part to a —55 °C to 125 °C part.

Maximum allowable parameter limit (UL

Max)

New parameter limit (UL,,) T

Measurement accuracy (E )
7

n*s spread

Precision - half of the confidence interval (E)

(%

Sample value mean Q).)\/
Figure 6: Schematic d%p% Qofme r limit modifications
<\ [\ N

Allowable parameter margin

Parameter Commercial ilitary/limit Measured Derated limit
[ it value at (calculatdd)’
N \/\2 military limit

te|(ns)  Min < : 1.0 5.1 1.
Ma \1%5 16.0 12.8 15$
to| (nS) MV ws.o 3.0 6.7 1.9
ﬁzr:x\\ 10.0 12.0 10.2 11,
Vo (W MigsNS] > 350 3.50 3.75 3.3
Vo(V) Max \ 0.40 0.40 0.18 0.42
lecd (MA)Min 9.00 9.00 9.10 7.6%
Max 17.00 18.00 14.14 18.60
lece (MA) Min 15.00 15.00 14.71 14.50
Max 24.00 25.00 19.36 26.00

Table 2. Parameter re-characterization example: T SN74ALS244 Octal

! Assumes same degree of errors and standard deviation at all temperatures. The margins at the commercial temperature
limit are maintained at military temperature limit
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A.3.3 Application Capability Assessment

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

A4  Quality Assurance

The ongoing quality of successfully uprated devices should be by monitoring the device process
change [nofices (PCN) obfainable Trom the device manufacturer or distributor;and by equijpment
level tepts over the target temperature range, plus (or minus) a margin®. F al teSting
should pe sufficiently rigorous to verify all system functional requirem

=

A

Monitor PCN

Significant che

LRU Test oer
_ : Improve test
equipment operational requirements
ér?ﬁ)e\r ure range &

UV

A
YES

NO
h 4

Component Quality
not Assured

arameter Re-Characterization Part Quality Assurance

AS i i - ization

Data used in initial uprateability assessments may not be an accurate indicator of expected future
performance.

Simulation models should be 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

% To account for system variations, it may be advisable to test the systems beyond its specified temperature limits. However,
operating a system beyond its temperature specifications may overstress other components of the system besides the candidate
part and result in invalid failures.
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indicators of the analog behavior of devices. [2]. The uprateability assessment process should be
used only to eliminate unpromising candidate devices, and not as a substitute for electrical
testing.

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

then thg revised datasheet should include limiting values for these paramete

Some device lots may include outliers [6], which limits the efficacy of
(see Figure 8).

pecification limit

Number of samples

If the tqst'te aturerangedoes not extend beyond the target temperature range, it is difficult to
detect di Wi parameter vs. temperature curves. Likewise, if the test tempetature
interval e, discontinuities within the test temperature range may be missed. If the
ior, then additional temperature points may havg to be
intermediate peak of electrical paramete
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+4.0

Vcec =12v
Pins 1 to 2

-4.0

-8.0

-12

Vfb Voltage Feedback|Threshold change mV

-16

-656 -25 0

Figure 9: Example of intermediateea . nput
During initial characterization, it is also C data,
but hysteresis tests can be eliminated if the t b may
be observed during temperdture % se (a) part characteristics change dye to
exposufe to high or low hlermal ¢quilibrium is not reached. If hysterepis
effects pre observed, then dwe g erafure should be increased. If that is not
successfful, then 0 3 poilith odld be investigated. If no other possible regson for
failure {s found, thewthe\de ; a candidate for uprating.

Inflectipn points obse rical parameters observed at extreme temperature ranges
should always be \ the failure type is hard or soft. Also, it should be
determined if the fai es bo changes in device characteristics, which could result from

device tailare, ox fren

sffects of extreme temperatures on testing fixtures and equipment.

airchild Semiconductor, “Design characterization package, HCO0 Quad 2-input NAND
ate;” March 11, 1998.

Micron Semiconductor, “TN-00-07 — IBIS Behavioural Models,” 1998.

Montgomery, D. C., and Runger, G. C., Applied Statistics and Probability for Engineers,
John Wiley and Sons, Inc., New York, New York, 1994.

Pfaffenberger R., and Patterson J., Statistical Methods, Irwin Publishers,” 1987.
Motorola, “Data sheet of MC34261, Power factor controller,” 1996.
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[6]

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

Components” February 1998.

23

@%
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DEVICE PARAMETER RE-CHARACTERIZATION REPORT

Device description: Equipment name:
Device mfr.: Equipment part no:
Comp. mfr. part no.: Program manager:
Equipment mfr. dwg. no: Date:

1. Rated Temperature Range (case or ambient):

2. Ysage—temperature-Range{ecase-orambient)

AN
3. Test Specification No(s).
Parametric: x
Functional: <\

4. | | Device Date Code(s): \\\\>

5. #Sample Size: \\\>
Y

6. | | #Functional Test Passed: (/(7
N\ k

7. | | #Functional Test Failed: <\<\ < )\/

8. | | Test Date: (X
e

“/

9. | | Test Results Re%x \Q
N\

10.| | Approvals: M \X

-’

Figure 10: ' r Do menting Device Parameter Re-Characterizatipn
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Annex B - Stress Balancing

B.1 Introduction

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-
characterization, since testing is done only to confirm analytical results in the specific
application. See Clause 3 for the definition of stress balancing.

B.2 Glossary of Symbols

Ta:  |Ambient temperature

T a-max: Manufacturer-specified maximum ambient temperature
Ty Junction temperature

Maximum temperature up to which the device

culated

Manufacturer spg

Papp:  Power dissipatiol
P’ app: Power diss

curve

e

Ty

AP:
Vch

Icc: Ruiescent supply current

Cpp:  Power dissipation capacitance/ buffer
Cr:  Load capacitance/ buffer
f Frequency of operation of the device

0;a:  Junction to ambient thermal resistance

B.3  Stress Balancing

For active semiconductor devices:
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where

T,=T,+P[8,, Equation 5
T is the junction temperature,
T4 is the ambient temperature,
P is the power dissipation, and

6,4 is the junction to ambient thermal resistance.

If the junction temperature of a semiconductor device remains constant, then the performance of

the device-should

electric
made b

ambient
junction temperature constant. The steps to be followed in stress b

through
B.3.1

B.3.2

The goj
much, §
proposg

NOT

seledti
reduf

ce Q]’lf\1]]l‘1 not P]’\Qﬂﬂp T]’\D DOl A;CCI‘I‘\Q";I\Y\ I'\FQ AQ‘I;{"Q 1‘0 I'\‘Ffﬂﬂ q ﬁ1ﬂf‘f1.f\ﬂ f\F CI\I’\"e
Tt To ot TS S o T ITo P oYY oF D TPertror- o ooy ro oo Trrorrrarorrotror-o o

ptween ambient temperature and an electrical parameter. From
temperature is allowed if the power dissipation is reduced su

C.2.6, and shown schematically in Figure 16.

Determine the Ambient Temperature Extreme

didered in
ected for
uency is

esse
Oth

d power.
le of the
issipated

evice
bation

Iso-T, J
0

bienit temperature, as defined in Equation 6. The power dissi
temperature, keeping the junction temperature constant. Thg

s that lie
vlax) TO

account for inaccuracies® in the data and calculations, the curve is moved towards the horlzontal axis by a
suitable amount, Ty. Ty can be viewed as the junction temperature margin. The application power (Pa,,) as
calculated from the Iso-T, curve would also have a reduced value, with a margin PM as illustrated in Figure 11.
A corresponding temperature range above the maximum operating ambient temperature (Ta.max) 1S thus

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

* 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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obtained. The temperature corresponding to Py, is the maximum temperature at which the device can be used
in the application. This is denoted by Typmax- As such, the area bounded by Pyjax - Puin -I-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 I-I".

B.3.3.1

Constructing the Iso-TJ curve using thermal resistance

If Equation 6 is modified as follows:

T,=-6,[P+T, Equation 6

then a
the line
specifig
then it i

Notg
incly
factd
neig
prop,

ambl|ent, and not all of them can be modeled accurately eaxly in the ~ 7 In spite of these di
the ¢lectrical and mechanical designers h ine the thermal resistance df
appljcation using the best information avaj ' i ¢ test or simulation conditig
whidh the thermal resistance data were deteriine ned from the device manufacturer b
thernal resistance data are used. The dat design stage must be verified by testi
appljcation environment, later in the developme

lot of power dissipation vs. ambient temperature yields a straight line with slope™-
passes through the point (T A-max, PMax), Where Pyax 1s the maxi 1SS1
d by the manufacturer at the specified maximum operating ambi
s called the Iso-T; curve.

and thermal
impedance from

=)
(vn
o
=.
=
aQ
ol
9
<
2.
(e}
a
NG
)
=.
=
=
o
£
»n
s
<)
(¢}
ol
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se]
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Curve wim

Ambie /Temgerature

QJA. If
tion
‘A—Max,

ta sheets
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ation of
radiation
case-to-
Fficulties,
ta in the
ns under
efore the
g in the
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Min PApp v v P’App

N,
>
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Figure 11: Iso-TJ curve: the relationship between ambient temperature
and dissipated power
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B.3.3.2

Constructing the Iso-TJ 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:

1. Develop a thermal model of the device.

2. 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.

3. Mo
dev

4. Dey
Notq:
in th
eJA
obta
obta

B.3.4

If the rq
uprated
then thd

A horiZ
the IsoA
power

electric

B.3.5

Figure

cc.

ned in this section is likely to be more accurate.

“allowdble” r

the applica

parame
parame

Notd:

para

[er, as Mo 1ﬁe by stress balancing.

Thé changes made to the electrical parameters to reduce power dissipation may change other

The value of thermal resistance also varies with power dissipatio and sQIReraure” is accounted for
ermal simulation, but not in the simplistic single parameter appre ibeq iMC.4.3.4, whichf assumes
o be constant for the temperature and power dissipation rdnge i T; curve
ned by thermal analysis or simulation therefore may erization

‘Up-Max,
ered.

mn
74

pp-

the
|ds to

idal

electrical

nétérs of the device. For example, if the supply voltage of an operational amplifier is reduced, its

freq

R " " ] 111 1 4 11 . " ‘- 1 < " 1e fa i |
CIIU Yy TdIrgu dIii Ot put CuI I aiU- WIIT VITAITET, ~d I TU WITT S AUl AT d U d TUWUT TP U VOTIdEU. T TTIC

should be taken into account while designing with the uprated device.
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B.3.

After syccessful completion of steps C4.

perforn
This is

1. Enspre that the device a sratk astorily with the newly calculated
congitions;
2. Verjfy that the device

3. Chd
targ

The tes

B.4

Value of parameter at specified maximum T,

New value of parameter

6

Che
derd

Notg
conf]
devi
operj

Notg

done to

Electrical parameter

P i p

Min = " App

Power dissipation

Figure 12: Graph of electrical parameter

Conduct Parametric and Functional Tes

ed at the target application tempera
ck for dis@
et application tefs

hte sucgessfully 1if the application over the full target application temperature.

i¢ and functional tests are
es of electrical parameters.

bcted

margins,
sts. The
bvice can

2+ Tests on devices and systems typically are not of sufficient duration to allow thermal equilibri

um to be

reached. It may therefore be necessary to power up the system to allow the system device to reach thermal
equilibrium prior to testing.

Application Example

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."
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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 3-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 —40 °C to 85 °C ambient temperature, and is available in a plastic
dual-in-line package. The data sheet recommends operation at a supply voltage (Vcc) of 2, 4.5 or
6 V. Absolute maximum rating for power dissipation at 65 °C is 600 mW, with a derating factor
of -12m W/°C above 65 °C. This means that the maximum power dissipation of the device at

85 °C (maximum operating 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 (praximum) for| low.
From the data sheet, this requires Voc=6 V.

B.4.1 |Determine the ambient temperature extremes

C
he
10 to

The sys
tempers
device,

+100 °C

B.4.2

CMOS ption compared to the ppwer
dissipafion during switching. The power dissipaty "MOS device is given by thg
equatiof:

Equation 7

where

e Fdirchild data sheet:
= 50 pF/huffer5 and

From th

1. (maximum specified, for Vcc=6 V) =160 PA.

The load capacitance (C;) is assumed 50 pF, which is the value used for test conditions in the
data sheet.

From Equation 8, power dissipation can be reduced either by reducing the supply voltage or the
operating frequency. In this application, however, a change in V.. will directly affect the logic

> It should be noted that there are eight buffers in the MM74HC244.
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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
V.= 6 Vis 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.

Note: In CMOS circuits, the value of load capacitance, C;, may not be known precisely. The primary
contributor to load capacitance in digital logic circuits is the capacitance added due to the PWB when the
devices are installed. A conservative maximum estimate of C; should be made for calculating the power
dissipation. After the PWB design is done, the actual value of C; may be re-substituted into Equation 8 to obtain

a befter-cstimate:

B.4.3 |Construct an Iso-Tj Plot

An Iso{I; curve for the MM74HC244 plotted from the Fairchild data
Figure | 3. The specified maximum power is 360 mW at a maxinwiis
85 °C, qo the curve passes through the (360 mW, 85 °C) point

B.4.4

The mit V (see
Subclay °C
power ( this
device ) is
106 °C ver
value is ept
below 1|
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120 :
Iso-TJ curve using 83.3°C/W slope
110
100
Target application T4=100°C
o
@ 90
2 Rated Max TA = 85°C.._.
@ L £ S
Q. S [
£ 401 = S
2 L n £
k= 2 5 S
o © = 8
o) 0 4 g a g I
£ ° 8135 &
< § o5 3
g 23 <
0 4 2 K= <
8 c g g
2 o 2 kel
o = o
g S o ©
0 8 S5 =
© <= ©
40 =
0 600
B.4.5 [Determine the ne
As spedified in C.5
100mW and the g
frequenicy is plotted v values
and application copditi
Equation 8
Figure |44
VCC= 6|V and N.
From Fjgure 14,-th nbient

tempergturé.of 100 °C, if the frequency is maintained at (or below) 6 MHz. This value maly be

further derated, depending upon the equipment manufacturer’s design practices.

Note: A relatively simple logic device is used in this example. For more complex devices,

the assumption that

the maximum operating junction temperature is the average temperature across the die surface may not be
accurate, due to hot spots. When possible, this type of information should be requested from the device
manufacturer; or an increased margin above the junction temperature maximums plotted from Figure 11 should

be used.
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B.4.6 Conduct parametric and functional tests

Normally, the device is tested at Ta.max to ensure that the device will operate satisfactorily in the
required environment per C.5.1.

1.00E+08

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

1.00E+7

New value of frequency = 6 MHz

Frequency (Hz)

Assumed minimum frequency of the buffer required (or
can be tolerated) by the system = 3.5 MHz

Calculated minimum |
power* = 100mW |

1.00E+D6
10

Figure 14: Power vs. frequeng : Fairchild MM74HC244
B.S  PDther Notes

B.5.1 |Margins

bient temp ing are
 of

in

. value
Fical
be

est
gin.

B.5.2 Cautions and Limitations

Although stress balancing appears to be straightforward, there are certain hidden difficulties.
Data sheet junction temperature limits should be used with extreme caution for calculations in
stress balancing, because they do not reflect the maximum junction temperature at which the
device would operate. Thermal resistance values of a device are application dependent. If they
are used to construct the Iso-Tj curve, thermal validation by test or analysis should also be done.
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The power dissipated by the device is the power that is lost as heat, and is not the same as the
output power. For CMOS devices, all the power drawn by the device is dissipated, because the
output current is negligible. However, for certain devices, data sheets may list only output power.
The dissipated power will have to be calculated from additional data obtained from the
manufacturer.

Stress balancing can be used for uprating devices above the rated maximum temperature limit
only. The relationship given in Equation 4 does not apply to evaluating devices for use below
the manufacturer-minimum specified temperature limit. Other methods like parameter re-
characterization mav be used for inmﬁnn of devices below the QPP(‘iﬁPd temperature range.

B.4.1
Determine T, ..
in the application

A
B.4.2

Select parameters
that can be

derated
A
B.4.3
Construct an ,
plot
' Expore other
s v
etepmine the
valué of derated
parameters
Y
B.4.6

Uprating method
Confirm component

or choose another |,
component
functionality using derated
pammptpm at

I;l—Max

Figure 15: Flow Chart for Stress Balancing
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DEVICE STRESS BALANCING REPORT

Device description:
Device mfr.:
Comp. mfr. part no:

Equipment mfr. dwg. no: Date:

Equipment name:
Equipment part no:
Program manager:

Rated Temperature Range (case or ambient):

P
2. Usage Temperature Range (case or ambient): (\(
A O\
3. | | Test Specification No(s). \>
Parametric:
Functional:
4. Parameter(s) chosen for derating: X\\>
5. | | Iso-T, plot (please attach separate sheet) \>
6. | | Amount of margin (or deratin elow no bn/ Q
temperature maximum to be<yse
7. | | Power dissipation in device W(fﬁaeraw\nger
8. | | Derated value o a meter; fr m&
5. | [ Verification teb ag -ateuldted value
docum% ts ang attac
10.| | Approvals;

igure’'165 Report Form for Documenting Stress Balancing
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Annex C: Parameter Conformance Assessment

C.l1 Introduction

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

The fOl auadnctrafarancacta ctatictioal ot A de o covaanctad oot 1o 10 dot et o th o

OUWHTS TUTUTIUIIT U S TU- S TatTStIoa T e tio U S arvr SO g s U5 TC U a s tOUTS T OO IO T & tHT

statistidal confidence in the options listed in this annex.

Montgdmery D. C., and Runger G. C., "Applied Statistics and Probabili John

Wiley gnd Sons, Inc., New York, 1994
Pfaffenperger R., and Patterson J., "Statistical Methods," Irwin P
Ireson (5., "Reliability Handbook," 1966

C.2 T'est Plan

A test glan should be defined that documents the
and nurpber of samples. Figure 19 shows a\floy
Assessipent testing.

ds ,

C.2.1 |Critical Parameters
All critfcal application pardmet®
manufapturer’s publishef
this is rot always pg

functional test if t
manufagturer’s specifie
should pe used as de cifications for parameter conformance assessment.

wever,
ple, it may be difficult to conduct a compllete
ot available from the device manufacturef. The

C.2.2 [Mini

Factors|tabesonsidered indeveloping the test plan for parameter conformance assessmer|t are
the spe¢ified DR erange of the device, the target temperature range, and previous
experiepce with the device. The test plan should include the temperatures at which tests are
conducted, and the test’sample size for each temperature. Target temperature information| may
be obtajnéd from the initial assessment of the equipment environmental requirements and|the
results of thermal analysis. 1T o indicated by the initial assessment and thermal analysis, fluid
dynamic conditions, such as air speed and direction, should be considered in determining the
target temperature and test conditions. All available thermal environment data should be used to
calibrate the test equipment to represent the application environment. The type of temperature
specification, e.g., ambient, case, or junction, should be considered 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 17 shows the relationship of the various temperatures.
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