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NOTICE

EIAJEDES Standarda and Publications contsin material that has been prepared, progressivaly
reviewed, and approved through the JEDEC Council level and subsequently reviewed and
appraved by tha EIA General Counsel,

ELANEDES Standards and Publications are designed o serve the public Interest through
eliminating miswderstandings between manufacturers and purchaeas, facililating
Intarchangeabllity and improvement of producets, atd assisting the purchaser I5 sedecting and
obtalning whh minlmum delay the proper preduct for his partleule: need. Existence of swch
slandards shall not In any respect preciude any member or nonmember of JEPEC from
manufacturing or 3elling produets not conforming to such standarde, nor shall the sxistence of
such standards preciude their voluntary use by those other then ElA members, whether the
standard Is to be used elther domestically or internationally,

EIAJEDEC Standards and Publications are adopted witheu! regard to whether their adoption
may Involve patents or artlcles, materials, or processes, By such action, EIAWEDEC does not
assurne any liabillty to any paten owner, nor dees it assume any obligation whatever to partles
adopting the EIANEDES Standards or Publications.

The information included in EIAAEDEC Standlards and PubBications represents a sound
approach to producd specification and applicakien, princlpally from the solld state device
manufacturer vlewpolit. Within the ELAAIEDEC organization thars are proceduras whereby an
EIAJEDEC Standard ar Publication may ba turthew procasaed and ullimately becomes an
AMSIEIA Standard.

Inquiries, comments, and suggeastiong relative 0 the content of thia EIANEDEC Standard or
Publication should be addressed to tha JEDEC Executive Secretary at ELA Headquarters, 2500

Willson Boulevard, Arington, VA 222{H.

Publishwed by

@ ELECTROMIC HNDUSTRIES ASSCCIATION 19497
Engineering Department
2500 Wilson Boulevard
Arington, VA 22201
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Coprghl B 1885, JEDEC, 2000, IEC

INTERNATIONAL ELEGTF‘IDTECHNIGAL COMMISSION

STANDARD METHOD FOR MEASLIRING AND USING
THE TEMPERATURE COEFFICIENT OF RESISTANCE
TO DETERMINE THE TEMPERATURE
OF A METALLIZATION LINE

FOREWORD

A PAS iz a technigal specitication nol Fullllling the ragulrements far & standard, but made availeble to tha
public and establisked in an organ.zation oparating under givan procadures.

IEC-PAS 62804 waz submitied by JEDEC and has been proceszed by ILC tachhical commities 47 Samlcanducior
tevices,

Tha tasr of thia PAS is based an ha Thie FAS was approvad 1or
el lewn g dacument: publication by the F-membars of tha
committee concerned az indicated in
the: Follawing documant:

Oradt PAE Fapart on yoting

AT S0P AS 471 BHUIRVE

Fallowing publicalion of thiz PAS. the technical commities or subcommitlae concemead will Investipate the
possbility of lransfarming the PAS inte an International Standard.

An [EC-PAS |lcance of copyright and assignmenl of copyright has been signed by the IEC and JEDEC and is
recorded at the Gentral Qlhice.

1] The IEC [Inlernational Eipgtromechnical Commisglong b a wordwlde organizabion for siandardization comparising all
ngtional slectratachnical commvtlers (| EC Matkenal Committees). The objset o the IEC ie io promote intemational co-
oparation on all guestion: conceming standardizaton in \he eleciical ard alectronls firds, To this and and I addition
to other acknaties, the 1EC publishas Intarnatienal Standards. Their preparation g antrosted 1o fechnical saormmitteas;
ey [EC Mational Committee intarested in Iha subject deatt with may paricipeie In Ihis preparatony work, Ielannalional,
pouetnmgatsl and non govammeantal organizaliona lieising with the |[EC also pamicipate In thie preparmtiss. The [ES
collaborales clogely wilh the International Organicalion ler Stardardization [150) in gogergence with ponditions
datarmined by agreemeant ketwean the two orgenizationk.

2% The lormel dacisions or agreemente of tha [EC on tachnlcal malters axprats, A nadty &t possibly, an intsmestional
eohsensus ol opinion on the relevant subjacis since esch Bohnical commiftes has rapresentation from all nlerested
Hallanal Carntnilaes.

31 Tha decumenis producad have I tomn of weeanrmandalions for mametienal used and a-e publiched in the form of

atandarda, tachnical speclilcalions, techhnical reports oF guldes &nd they are aciepted by the National Committass in
ihat sanse.

4] In erdar b promete international unilicaton, 1EC MNationel Committees undertake bo apaly 1EC Inletnatianal Slandards
lransparamily to the maximum extent possible in -hair national and regional standardg, Any divargence betwesn the
IEC Silandard and tha correspondiig nafional or mgicnal standzrd shall be claerly indlcated In the lateer.

S The IEC provldsz no mardng procedurs o incicate s aparoval and sanncd be rendered respansiele for any
aquipment declarad to ba in conlomity with one of e standards.

€] Atention ia drawn to Iha peaaibility thal soma af tha slementa of thia PAS rmgy be the sablact ol palenl rghts, The
IEC shalk not be hald rasponzible for identifying amy or all euch patent righte.
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STANDARD METHOD FOR MEASTURING AND USTNG THE
TEMPERATURE COEFFICIENT OF RESISTANCE TO DETERMINE
THE TEMPERATURE QF A METALLIZATION LINE

{From JEDEC Council Ballot JCB-95-11, formulated under the cognizance of JC-142
Commitice on Water Level Reliability.)

1 Scope

This method is intended for determining the semperature coefficient of resistance (gt a given
reference temperature) of aluminuin and aluminum-alloy thin-film metallizations that are used in
micreelectromie cireuits and devices,

This method is intended for eatimating a mean terpezature of a metallization ling stressed in an
accelomated electromigration stress test before any irreversible change in resistivity ocours duoe to
the current-dengity and temperlure siresses imposed,

This method is intended for using 2 metallization test line as an ambient-temperature sensor. 1t
uses the predetermined valuea for the lermperature coefficient of resistance of the metallizadon and
the: resistance of the test line at the reference temperature.

The method is intended for use only under time, temaperature, and current-density conditions
where the metallization resistivity is linearly dependent on temperatire and where it does not
suffer any irreveraible changes. These conditions may be different for different metal alloys and
dilfercnt deposition and treatment pracesses.,

While the method is designed for use with aluminum and aluminum-alloy metallizations, it may
also be used with ether metals and allovs for conditiens that satisfy the tinear dependznce and
gtability stipulations in the previows paragraph.

The metallization stuctiure used i the method may be messured while on a wafer ora part

therefron, o a2 pant of 2 test chip bonded to a package and electrically accesaible via package
termings,
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2 Imiroduction: Significance and use

The temperature increase of o tegt line due 1o joule heating can be an important parameter in
accelemted stress kests used to chatacterize the susceptbility of a metallization tast line 1o
electrornipration failure at a piven temperature and corrent density [10.[2]. A measure of this
susceptibility is the median-time-to-failure of 129l lines in such tesls. Accurile knowledps abowut
the metallization temperature during the: Wl 1 important boeause the modian-tine-to-Tailure is
exponentiafly dependent on Lhe reciprocal of the metallization streas temperatnre (in K.

For example, an ertor of 5 °C in stress temperatore infroduces a 25% error in the sample estimate
for ts; (ac 150 "C and when the activation energy 0.7 eV),

Electromigration ia an metallization failure mechanism that is of great concetn, especially For the
reliability assessment of very large scale integrated {VLS]) microalectronic devices.

The linaar dependence of the resistance of the metallization on temperaure permite a test line to
be vsed a3 a temperature sensor as long as the environmental canditions do not cause irmeversible
changes in the resistivity of the metallization.

The temperature coefficient of resistance of aluminum metallization is ¢ssentially dependent enly
o the residoal resistivity whose magnitnde is determined by departures from the stmchural order
of pure, bulk alimioym that coatribute to electeon scattering [3]. As auch, the temperatare
coefficient of resistance is a Tondmnental characteristic of the metallization.

3 Definttions

Metallization: = thin-tilm metallic conductor used 1o make electrival interconnects in
micreeleconic integrated cibowt.

Temperature Coefficlent of Resistance, TCR(T): the fractional change in resistance per unit
change in temperatore at a specified temperature T,

1 i
TCR(T) = — x —  {o{"}, {1}
R(T} =R

whar-: R(T) is the resistance of the test lin? at temperature T.
Test Line: a meifallization line of specified dimensions, the length of which is defined by the

locations of two voltage taps used to make Kehin-type resistance measurements of the test line
when two cther rerminals forge a cirrent throngh the ling. (See 4.4.1.)
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