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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDELINES FOR THE MEASUREMENT METHOD OF
POWER DURABILITY FOR SURFACE ACOUSTIC WAVE (SAW
AND BULK ACOUSTIC WAVE (BAW) DEVICES IN
RADIO FREQUENCY (RF) APPLICATIONS

FOREWORD

)

The Intg¢rnational Electrotechnical Commission (IEC) is a worldwide organization for standardizatien
all natijonal electrotechnical committees (IEC National Committees). The object of IEC\is {
internafional co-operation on all questions concerning standardization in the electrical and electroni
this end and in addition to other activities, IEC publishes International Standards, Te€hnical Spq
Technidal Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred t
Publicafion(s)"). Their preparation is entrusted to technical committees; any IEC National Committeq
in the [subject dealt with may participate in this preparatory work. Internatiohaly’ governmenta

comprising
o promote
C fields. To
cifications,
b as "IEC
interested
and non-

governmental organizations liaising with the IEC also participate in this preparation. IEC collabordtes closely

with the International Organization for Standardization (ISO) in accordance“with conditions det
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express{as nearly as possible, an iy
consensus of opinion on the relevant subjects since each technical committee has representati
interested IEC National Committees.

IEC Puplications have the form of recommendations for international use and are accepted by IH
Committees in that sense. While all reasonable efforts are made to ensure that the technical con
Publicafions is accurate, IEC cannot be held responsible\for the way in which they are used
misintefpretation by any end user.

In order to promote international uniformity, IEC Natienal Committees undertake to apply IEC H
transpafently to the maximum extent possible in~fheir national and regional publications. Any
betweeh any IEC Publication and the corresponding national or regional publication shall be clearly
the lattg

=

IEC its¢lf does not provide any attestation ‘of conformity. Independent certification bodies provide
assessinent services and, in some areas;-access to IEC marks of conformity. IEC is not responsi
service$ carried out by independent cettification bodies.

All useris should ensure that they have the latest edition of this publication.

No liabjlity shall attach to IECG:orits directors, employees, servants or agents including individual 4
membefs of its technical committees and IEC National Committees for any personal injury, property
other dpmage of any naturg”whatsoever, whether direct or indirect, or for costs (including lega
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any
Publicalions.

Attentidn is drawh to the Normative references cited in this publication. Use of the referenced pul
indispepsable fonthe correct application of this publication.

Attentidn is drawn to the possibility that some of the elements of this IEC Publication may be th¢g
patent rIights. IEC shall not be held responsible for identifying any or all such patent rights.

ermined by

ternational
bn from all

C National
ent of IEC
or for any

ublications
divergence
ndicated in

conformity

ble for any

xperts and
damage or
fees) and
other IEC

lications is

subject of

International Standard IEC 63155 has been prepared by IEC technical committee 49:
Piezoelectric, dielectric and electrostatic devices and associated materials for frequency
control, selection and detection.

The text of this International Standard is based on the following documents:

FDIS Report on voting
49/1339/FDIS 49/1342/RVD

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or
e amended.

IMPORTA} he H d 5 page-of-thispublication-indicates
that it| contains colours which are considered to be useful for the)|correct
undersfanding of its contents. Users should therefore print this document lsing a

colour printer.
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INTRODUCTION

Radio frequency (RF) surface acoustic wave (SAW) and bulk acoustic wave (BAW) devices
are now widely used in various communication systems owing to their features such as small
size, light weight, little or no need for tuning, high stability and high reliability.

One of the most important applications of the devices is the antenna duplexer in mobile
communication devices which separates incoming receiving (Rx) signals from base-stations
and outgoing transmitting (Tx) signals in the frequency domain. It is known that acoustic
vibration can accelerate destruction of electrode metals in the inter-digital transducers (IDTs)
employed, which results in device failure. Thus, the device life time (time to failure, TF) is

dependent on not only the chrp temperature but aIso on mput power IeveI and frequency of
the appligd—rac - - v v - somewhat
different from the enwronmental temperature because the |nput power level of Tx ignals in
the abovie-mentioned applications is about 1 W at maximum, and heat generation due to
power consumption is not negligible.

The reqyisite TF of the SAW/BAW duplexers is usually specified by “input power level,
exposurg frequency range and environmental temperature. Nevertheless, TF meagurement
under given specifications is not realistic because the requisite TF 'is)too long (could| be up to
many years). Accelerated life time testing is applied to shortenthe TF. TF is measured in
more severe situations, namely at higher power and/or higher ambient temperature. [TF under
given spegcifications is estimated by extrapolation based on{the Arrhenius model including the
inverse power law. Although the model explains the variation of the TF with respec} to input
power lgvel and temperature well, the parameters. appearing in the model need to be
determingd experimentally, and its procedures hayveynot been well established. Therefore,
measurement methods will be specifically established for TF estimation of RF SAW/BAW
devices.

This docéiment has been compiled in respoise to a generally expressed desire on the part of
both usefs and manufacturers for general information on testing condition guidange of RF
SAW/BAW filters, so that the filters may-be used to their best advantage. To this end, general
and fundgmental characteristics have'been explained in this document.
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GUIDELINES FOR THE MEASUREMENT METHOD OF
POWER DURABILITY FOR SURFACE ACOUSTIC WAVE (SAW
AND BULK ACOUSTIC WAVE (BAW) DEVICES IN
RADIO FREQUENCY (RF) APPLICATIONS

1 Scope

)

This document defmes the measurement method for the determrnatron of the durability of

radio freg RE} surface—acous pave—(SAW)anrd-bulk—acous

such as f||ters and duplexers wrth respect to high power RF srgnals whrch are
telecomnjunications, measuring equipment, radar systems and consumer products.
devices ipclude two types: those based on the film bulk acoustic resonator (FBAR) t¢
and thos¢ based on the solidly mounted resonator (SMR) technology.

This docdiment includes basic properties of failure of RF SAW/BAW deévices, and guig
set up the measurement system and to establish the procedure to estimate the time
(TF). Since TF is mainly governed by the RF power applied inthe devices, discus
focused ¢on the power durability.

It is not|the aim of this document to explain the theory, or to attempt to covs

devices,

used in
RF BAW
chnology

elines to
to failure
Bions are

r all the

eventualities which can arise in practical circumstances. This document draws attention to

some of the more fundamental questions which willcneed to be considered by the us
he/she places an order for an RF SAW/BAW device for a new application. Such a p
will be the user's means of preventing unsatisfactory performance related to prematu
failure repulting from high-power exposure of RF SAW/BAW devices.

2 Normative references

There arg¢ no normative references.in this document.

3 Terms and definitions

3.1 Gdneral terms

3.1.1
BAW
bulk aco

er before
rocedure
re device

acoustic wa = A Ce—G
and then traversmg the entlre th|ckness of the plezoelectrlc bulk

iclstructure

Note 1 to entry: The wave is excited by metal electrodes attached to both sides of the piezoelectric layer.

[SOURCE: IEC 62575-1:2015, 3.1.1]

3.1.2

BAW filter

bulk acoustic wave filter

filter characterised by a bulk acoustic wave which is usually generated by a pair of e
and propagates along a thin film thickness direction

[SOURCE: IEC 62575-1:2015, 3.1.2]

lectrodes
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3.1.3
cut-off frequency
frequency of the pass band at which the relative attenuation reaches a specified value

[SOURCE: IEC 60862-1:2015, 3.1.2.4, modified — The reference to Figure 1 has been
deleted.]

314

duplexer

device used in the frequency division duplex system, which enables the system to receive and
transmit signal through a common antenna simultaneously

[SOURCEEC8276120t4, 371751

3.1.5
film bulk acoustic resonator
FBAR
thin film BAW resonator consisting of a piezoelectric layer sandwiched between two glectrode
layers with stress-free top and bottom surfaces supported mechani¢ally at the ejge on a
substratd with cavity structure as shown in Figure 1 or membrane sfructure as an example

Note 1 to eptry: This note applies to the French language only.

[SOURCE: IEC 62575-1:2015, 3.1.3, modified — Figure 1-¢) has been added.]
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Upper electrode

. Piezoelectric material

Supporting
layer

Lower electrode LN
Supporting
substrate
IEC
a) Back-side etched
UPPCI c:cu‘uuu‘c
A
< Piezoelectric material
Y
\ % Air gap /

Lower electrode .\\
Supporting
substrate

IEC
b) Front-side etched
Upper electrode
A
< Piezoelectric material
\i
/& Airgap \
\\J
Lo lectrode
> N
. Supporting
N\ substrate
IEC
c) Sacrificial-layer etched
Figure 1 — FBAR configuration
3.1.6
solidly nrounted resonator
SMR

BAW resonator, supporting the electrode/piezoelectric layer/electrode structure by a
sequence of additional thin films of alternately low and high acoustic impedance Z, with
quarter wavelength layer, and these layers act as acoustic reflectors and decouple the
resonator acoustically from the substrate as shown in Figure 2 as an example

Note 1 to entry: This note applies to the French language only.

[SOURCE: IEC 62575-1:2015, 3.1.4]
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Upper electrode

»|

A
= Piezoelectric material

i

|

. Lower electrode

/ “_
Lower Z, layer /\. '\j\

| Higher Z_ layer

e
| o«
haN
Supporting
substrate
IEC
Figure 2 — SMR configuration
3.1.7
response¢ characteristic
SEE: Figpre 3
Frequency, GHg
i A A Nominal insertion
Minimum insertion —] |~ “attenuation
attenuation Y Y
P
A —Z T~
I A Pass-band
Relative ' ripple
attenuation |
™~ | Attenuation
Specified stop-band Specified
pass-band
|
|
s} ! Reference
° | frequency
c
o !
T | /
3
c
e |
<Y Cut-off Centre ' Cut-off
EC
Figure 3 — Frequency response of an RF SAW/BAW filter
3.1.8

input impedance
impedance presented by the filter/duplexer to the signal source when the output is terminated
by a specified load impedance

[SOURCE: IEC 62604-1:2015, 3.1.2.22, modified — "duplexer" has been replaced by
"filter/duplexer".]

3.1.9
input level
power, voltage or current value applied to the input port of a filter/duplexer

[SOURCE: IEC 62604-1:2015, 3.1.2.19, modified — "duplexer" has been replaced by
"filter/duplexer".]
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3.1.10

insertion attenuation

logarithmic ratio of the power delivered directly to the load impedance before insertion of the
filter/duplexer to the power delivered to the load impedance after insertion of the
filter/duplexer

[SOURCE: IEC 62604-1:2015, 3.1.2.2, modified — "duplexer" has been replaced by
"filter/duplexer".]

3.1.11
operating temperature range
range of temperatures, over which the SAW/BAW filter/duplexer will function while maintaining

its Spec|f ed characteristics within cpnr\lflnd tolerances

[SOURCE: IEC 62575-1:2015, 3.1.16, modified — "BAW filter" has been( réplaced by
"SAW/BAW filter/duplexer".]

3.1.12
output impedance
impedange presented by the filter/duplexer to the load when the.input is terminated by a
specified[source impedance

[SOURCE: IEC 62604-1:2015, 3.1.2.23, modified — "duplexer" has been replaced by
"filter/duplexer".]

3.1.13
output Ilvel
power, voltage or current value delivered to the lead circuit

[SOURCE: IEC 62604-1:2015, 3.1.2.20]

3.1.14
pass band
band of ffequencies in which the relative attenuation is equal to or less than a specified value

[SOURCIE: IEC 62604-1:2015, 3.1.2.5]

3.1.15
pass bandwidth
separatign of frequencies between which the relative attenuation is equal to or legs than a
specified|valpe

[SOURCE: IEC 62604-1:2015, 3.1.2.6]

3.1.16
reflectivity
dimensionless measure of the degree of mismatch between two impedances Z, and Z,;:

Za+Zy

where Z, and Z, represent, respectively, the input and source impedance or the output and
load impedance

Note 1 to entry: The absolute value of reflectivity is called the reflection coefficient.

[SOURCE: IEC 62604-1:2015, 3.1.2.17]
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3.1.17
Rx filter
filter used in a receiver part to eliminate unnecessary/unwanted signals

Note 1 to entry: The Rx filter is a basic part of a duplexer.

[SOURCE: IEC 62604-1:2015, 3.1.3.4, modified — "RX" has been replaced by "Rx" in the term,
"/lunwanted" has been added to the definition and Note 2 to entry has been omitted.]

3.1.18

SAW filter
filter characterised by one or more surface acoustic wave transmission line or resonant
elements, where the surface acoustic wave is usually generated by an interdigital transducer
and propfgates along a material surface

[SOURCE: IEC 62604-1:2015, 3.1.1.2, modified — The term "surface acoustic‘'wave filter" has
been omitted.]

3.1.19
stop band
band of frequencies in which the relative attenuation is equal to<or greater than a [specified
value

3.1.20
SAW
surface acoustic wave
acoustic}vave, propagating along a surface of ap, elastic material, whose amplitude decays
exponenfially with the depth

[SOURCE: IEC 60862-1:2015, 3.1.1.1]

3.1.21
Tx filter
filter used in a transmitter part té_eliminate unnecessary/unwanted signals

Note 1 to eptry: This is a basic-part of a duplexer.

[SOURCIE: IEC 62604-1:2015, 3.1.3.3, modified — "TX" has been replaced by "Tx" in the term,
"lunwanted" has beenradded to the definition and Note 2 to entry has been omitted.]

3.2 Dyrability*related terms

3.21
accelerated life time testing

testing strategy whereby the engineer extrapolates a product's failure behaviour at normal
conditions from life data obtained at accelerated stress levels

Note 1 to entry: Since products fail more quickly at higher stress levels, this sort of strategy allows the engineer
to obtain reliability information about a product (e.g., mean life, probability of failure at a specific time, etc.) in a
shorter time.

3.2.2
acceleration factor
ratio of the product's life at the used stress level to its life at an accelerated stress level

Note 1 to entry: For example, if the product has a life of 100 h at the used stress level, and it is being tested at an
accelerated stress level which reduces its life to 50 h, then the acceleration factor is 2.
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s model

model used in accelerated life time testing to establish a relationship between absolute
temperature and reliability

Note 1 to entry:

between temperature and the rates of chemical reaction.

Note 2 to entry:

which is how stress levels affect the reliability of a product.

3.24

inverse power law
accelerated life time testing model commonly used when the accelerating factor is a single,

It was originally developed by Swedish chemist Svante Arrhenius to define the relationship

Additional mathematical models are available to describe a product's life-stress relationship,

non-therrn

3.2.5
stress
factor wh

ultraviolet irradiation, and mechanical shock are examples

hal stress (e.g. power, vibration, voltage or temperature cycling)

ich causes failure: operation and storage temperatures, humidity, incident power,

3.2.6
stress t
testing

encountégred during normal operating conditions, usually to induce failures

4 Bas

4.1 Life time and accelerated testing

Many SA
number g
performa

For this ¢
operating
estimatio
TF at ng
operating
Since pr
reliability

There ar

sting
trategy whereby units are tested at stresses higher than those that \

c properties of life time of RF SAW/BAW devices

W/BAW devices are required to~Tulfil the component specification for
f years under normal operatingyconditions. Failure is defined as a situation
hce becomes worse than that given in the specification.

urpose, we need to estimate TF under the toughest situations encountered
conditions. Since ‘it is not acceptable for engineers to spend many yea
h, a strategy called\"accelerated life time testing" is widely adopted. In this
rmal conditions,is estimated by extrapolation from TF data obtained af
conditions,_or-accelerated stress levels in the terminology of reliability eng
bducts willfail more quickly, this strategy allows us to obtain informatio
of the products in a shorter period of time.

e {many possible failure mechanisms, such as oxidization, cracking, leak

vould be

A certain
in which

n normal
s on TF
strategy,

tougher
ineering.
h on the

pge, and

peeling

ff 2nd thara ara manv nassihlae locations whera faillirea occurs
H—ahRathereafreahRypossibte+rocaHohRrsWhRere=HHe- 066U S

When one failure mechanism is dominant, TF is known to exhibit the following dependence on

the absol

ute temperature T

TF = aexp (iJ ,
kT

(1)

where a is a factor discussed later, k is the Boltzmann constant and E is a parameter which
varies with the failure mechanism. This dependence is the same as that for chemical reaction,
and it is called the Arrhenius equation and E is referred to the activation energy. Taking the
logarithm for both sides, equation (1) can be rewritten as
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log TF—£+Iog a (2)
e - kT e

Thus, plotting log,TF against 71 gives a straight line, and its gradient and y-intercept are
given by E/k and logga, respectively. This plot is called the Arrhenius plot.

When multiple mechanisms are contributing, the Arrhenius plot can draw a polygonal line as
shown in Figure 4. This is because different mechanisms possess different activation energies,
and failure is triggered from the weakest point, which can vary with temperature.
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Figure 4 — Arrhenius plot when multiple mechanisms are contributing

The factdr a is dependent on other stresses.§uch as electrical power applied, humidity, and, in
many cages, its dependence on each stress x follows the inverse power law given by

a=ax”, (3)

where a and p are constants. " The combination of equations (1) and (3) gives

_ E
TF = ox Pexp| — |, 4
ox p(ij (4)
and its lojgarithm form is given by
E
loge TF =logga — flogex +ﬁ . (5)

Thus, we can estimate « and g from the log-log plot between TF and x under a fixed 7. When
multiple mechanisms are contributing, the log-log plot may be a polygonal line.

It should be noted that stresses such as applied electrical power may affect 7 due to heat up
by power dissipation. This means 7T should be controlled or known for determining the life-time
model even when T is not chosen as a parameter for the acceleration.
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4.2 Failure mechanisms
4.21 General

A ladder type arrangement shown in Figure 5 is commonly used as a configuration of RF
SAW/BAW filters for high power applications.

Each resonator possesses two types of resonances: series resonance (or simply resonance)
where the electrical impedance becomes extremely low and parallel resonance (or
anti-resonance) where the impedance becomes extremely high. The frequency giving the
anti-resonance f, (called the anti-resonance frequency) is a little higher than that giving the
resonance f, (called the resonance frequency). Fractional difference between f, and f, is
primarily determined by strength of piezoelectricity.

When the f, of resonators Ry in series arms, f,¢, is set close to the f; of resonatorsip parallel
arms Rp, fap, the transmission response shown in Figure 6 can be obtained)On the other
hand, nofches appear at the f; of Ry, f,5 and the f, of R » Jrp- Cascading ‘multiple ptages is
necessary to achieve sufficient out-of-band rejection, whicﬁ compromisespother perfomances,
such as ipsertion attenuation and fractional pass band width.
The Q fdctor of resonators determines the insertion attenuationi,and steepness of|the pass
band edges.
R’s
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Figure 6 — Typical transmission characteristic of ladder filter

It is known that TF is dependent on the frequency at which the RF power is applied. That is,
RF SAW/BAW devices are relatively robust when the power is applied near the filter's centre
frequency. On the other hand, TF becomes considerably shorter when the power is applied
near the pass band edges. It is also known that RID near the input port is commonly destroyed
when the power is given near the lower pass band edge while Rg near the input port is
commonly destroyed when the power is given near the upper pass band edge.
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These facts indicate that TF is not governed by RF voltage and current, but by stored RF
energy or RF power consumption in the resonators, or by acoustic stress and its location
within the structure, both longitudinal and transversal. This is because RF voltage and current
given to Rp and Ry, respectively, take maxima near the centre frequency.

It should be noted that when spurious resonance(s) exist in the pass band, they may trigger
the device failure and shorten the TF when the RF power is given near these spurious
resonances. Even if they seem insignificant in the transmission response, their influence can
be obvious especially when the group delay becomes large locally, near the spurious
resonance. This is an indicator of an increase in the energy stored in a resonator.

4.2.2 Acoustomigration

It is known that electrode surface is roughed up after exposure to high RF power. This
behaviour is very similar to a phenomenon called the electromigration, which ¢ccurs in
integratef circuits. The electromigration is caused by:

a) the mechanical impact of electron momenta to electrode metal grains,

b) the translation (migration) of electrons toward the direction of electron’ flow, and

c) the voids that will be created at the upper stream side, while hillocks will be creafed at the
lower|stream side as shown in Figure 7.

Hillock Void

Substrate
IEC

Figure 7 —Creation of voids and hillocks

In RF SAW/BAW devices, this phenomenon is caused by mechanical vibration. Thus, this
phenomenon is called the.acoustomigration. It is known that the acoustomigration occurs
where mg¢chanical stresses are large.

Electrodg deformation will cause scattering of acoustic waves and an increasg in the
electrodd resistapce. This, subsequently, will result in a degradation of device perfprmance,
such as ihcreased-insertion attenuation or reduced bandwidth.

Common| approaches to reduce this deformation and therefore increase the TF| are, for
example, as follows.

e The most important approach to control and reduce this phenomenon is to choose
appropriate electrode materials and structures. Because low electric resistivity is also
required, aluminium (Al) based compounds are widely used. Adding copper enhances
binding strength among grains, and adding scandium and magnesium enhances yield
strength o of grains.

e Use of multi-layered structures is also common. This makes the grain size D small, and
results in enhancement of ¢, as indicated by the Hall-Petch equation given below:
og = O + k% D_O’S, (6)

where ¢; and k are constants.

It is known that the activation energy for Al is about 0,4 eV when the grain boundary is
responsible for the failure, while it is about 1,4 eV when the grain itself is responsible.
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e Use of new electrode materials such as copper and single-crystal aluminium is also being
investigated.

e Series connection of multiple resonators is also a measure widely used. When the number
of series-connected resonators is n, the impedance of each resonator is reduced by » to
obtain the same impedance. Since the impedance of a resonator is inversely proportional
to the electrode area, we can reduce the power density by n2 with an increase of each
resonator area by n. A downside is that the total resonator area will also be increased to at
least n2 times the original.

4.2.3 Self-heating and thermal run-away

The impact of electrode degradation, which occurs gradually, is usually observed in a change
in frequency location as well as an increased insertion attenuation. Increase in acoustic and
electricall losses causes rising chip temperature, which accelerates the degradatign. Thus,
when th¢ insertion attenuation reaches a certain level, positive feedback_ ‘betWeen the
self-heating and degradation will destroy electrodes quickly until power consumption pbecomes
negligiblg.

In many [cases, RF SAW/BAW filters exhibit a negative temperature coefficient of ffequency
(TCF). This means when high power is given at a frequency fy negar the upper edge of the
pass band, temperature increase caused by the increased loss will shift the pass band to the
lower frequency side, and result in further increase in the insertion attenuation a f4. This
effect wil| shorten the life time of the device. In contrast, when'f is set near the lowefr edge of
the pass [band, the self-heating will lengthen the life time.

In any cdse, self-heating has a significant impact on time to failure (TF). Thus, thermjl design
of heat rgsistance should be minimized from the SAW/BAW chip to the package.

4.2.4 Dther mechanisms

There afe many other possible failurel'mechanisms such as mechanical or |chemical
degradatlon of bonding, package andxsealing. Even when their effects are negligilble under
normal dperating conditions, they “¢éan be significant under the acceleration testing. For
example,[ when extremely high RE power is applied, the SAW/BAW chip can be destroyed
quickly due to an imposed high-temperature gradient or high electric field. This means the
failure mechanism can be c¢hanged according to the peak-to-average power ratiQ (PAPR)
when mofdulated signals are‘used.

This alsq means that\the amount of stress acceleration shall be set so that the dominant
failure megchanism‘does not change. Microscopic inspection is useful to check how the device
under teqt (DUT)\was broken.

4.3 Mqdelling

The most severe stress for commercial RF SAW/BAW devices is electrical power P. In many
cases, the TF of RF SAW/BAW devices follows the model given in equation (4) and its
logarithmic form given in equation (5).

Thus, we can estimate a and S from the log-log plot between TF and P under a fixed 7. Then
using determined a and g, we can estimate TF under normal operating conditions.

There are several key points for the determination of « and g.

1) Stress acceleration shall be set so as not to cause changes in the failure mechanism. This
can be verified by the continuous variation of TF with respect to the stress.

2) P shall be specified, such as (a) incident power at the input port, or (b) transmitted power
at the output port. In addition, impedance of peripheral circuits such as power amplifier
(PA) and power detector (PD) shall be specified. In general, the incident power is chosen
as a parameter.
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3)

4)

5)

6)

7)

8)

The signal port to which RF power is applied shall be specified. This is because chip
design of RF SAW/BAW filters is asymmetric in general, and TF changes according to the
port where the RF power is applied.

T'is the chip temperature instead of the ambient one T,. The difference between 7, and T
is not negligible. Thus, appropriate means shall be provided to estimate T from T, for
determination of a and .

A direct way to carry out this estimation is to integrate a temperature sensor on the chip
surface. Variation of the filter response can also be used to sense the chip temperature. In
the latter case, some particular response shall be chosen, such as resonance and cut-off
which is insensitive to parasitic impedance elements. The temperature dependence of the
chip should be evaluated in advance.

Preferab - ad o all L esting. In
addition, T shall be determined e model
equalion (4) or (5).

The ¢hip temperature T used here is an abstraction. It should correspond to |the local
tempegrature at the weakest SAW/BAW structure taken from simulations~er measprements

(e.g.,|infrared microscopy) or, in a simplified approach it should cosrespond to the mean
chip temperature.

The RF power shall be applied at a frequency f, where TF is/expected to be thg shortest
undef the normal operating condition. TF changes significantly”with the frequengqy and its
incorrect setting can result in change of the failure mechanism.

Freqyently, a continuous wave (CW) signal is appliedy‘For customer applications, other
signals may be more relevant and may be chosen 4o be, for example, an LTE signal (or
just g set of resource blocks of it) in the case ofia mobile phone system. In thé¢ case of
non-@W signals, care shall be taken to define the Kind of signal with sufficient defgail.

Exce$s variation of the filter response shall be compensated in the temperature
accel’ﬁlration test. Owing to nonzero TCF,.the pass band of the DUT translates according
to temperature to the lower or higher frequency side as shown in Figure 8. Thus, RF
powefr shall be applied at a frequency f;' where f; is expected to be locatgd in the
translated pass band. A simple way is by (a) measuring the filter response iT various
temperatures, (b) modelling the-variation of the filter response with the temperature, and
(c) determining £’ based on thé-model and temperature. Steps (a) and (b) are performed
in adyance, and (c) is done, dufing the stress test.

Furthermore, the insertion attenuation increases with T, excluding the pass band shift.
This gffect shall be taken into account when the reduction of the output power is chosen
as the failure criterion-

Insertion atfenuation (dB)

Frequency
IEC

Figure 8 — Translation of the filter pass band with temperature change
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5 Life time measurement

5.1 Measurement setup

A basic setup for the TF measurement is shown in Figure 9. An RF signal generated by a
signal generator (SG) is amplified by a power amplifier (PA), and its output is incident to the
DUT. The DUT output is monitored by an RF power meter (PM). We can detect the DUT
failure by abrupt decrease of the output power. Since the PA power gain changes with
temperature, the PA shall be heated up for a while prior to the measurement. The DUT is
placed in a thermostatic chamber (TSC) to set either the temperature of the chip surface or of
the environment as a parameter. The TF is considered reached when either the measured
insertion attenuation, i.e. the difference between PM reading and PA output level, or the
frequency shift of the transfer characteristics exceeds certain component specifications or
applicatign limits. Note that since the frequency shift may not be detectable by this| setup, it
should be modified as shown in Figure 11 or Figure 12 to be able to monitorjthe DUT
frequency response during the TF measurement.

SG PA DUT PM

Figure 9 — Basic setup for TF measurement at RF)power application

IEC

If adding|external impedance element(s) is requested ifVthe DUT specification, they shall be
given adcording to the specification. These elements shall be durable enough for the
undergoing stress test.

Figure 1( shows the setup when a SAW/BAW duplexer is used as a DUT. RF power is applied
to the transmitter (Tx) port while the output’is monitored at the antenna (Ant) port. The
receiver {Rx) port shall be terminated by an~appropriate terminator Ry,

SG PA PM
@—— Port 1 Port 2
(Tx) (ant)
SAW/BAW
Duplexer
Terminator
Port 3
(Rx)
R

0

IEC

Figure 10 — Basic setup for TF measurement of SAW/BAW duplexer

Figure 11 shows a more practical setup for the TF measurement. Another RF signal emitted
by a vector network analyzer (VNA) is incident to the DUT, and its output is detected by the
VNA. Directional couplers (DRC) 2 and 3 are used to combine the signal with and separate it
from the high RF power for the TF measurement. DRC1 is given to monitor the incident RF
power using the PM2. This setup allows us to measure the filter response during high power
application. Leakage of the RF high power to the VNA shall be below an upper limit for
incident RF power defined in the VNA specification. The coupling strength of DRCs, defined
by transmission between main and secondary paths, shall be chosen to limit the leakage, a
downside of which is the deterioration of the signal-to-noise ratio (SNR) of the VNA
measurement. The TF is determined by frequent evaluation of the device's transmission
characteristic by the VNA, and is considered reached when relevant specification parameters
exceed the limits defined in the product specification or application limits. Performance
changes related to the accelerated life time testing, i.e., changes to the chip temperature
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potentially significantly exceeding the value to be expected at specified life-time power levels,
shall be considered in the evaluation of the device's high-power performance measurement.

SG PA DUT PM1

: DRCA1 DRC2 DRC3

PM2 VNA

IEC

Figure 11 — Setup for TF measurement including filter response monitoring

Figure 12 shows another practical setup for the TF measurement. It uses RF switchefs instead
of DRCs.| Three switches change the configuration to two states: (a) high RF powef ifradiation
for the TF measurement, and (b) VNA measurement of DUT response and PM/meagurement
of PA odtput. The duration of the state (b) shall be minimized so that vafiation of| the chip
temperatlre is small. The TF is determined in the same manner as in the test setup gdescribed
in Figure|11.

PM1

SG PA DUT

PM2 VNA

Figurg 12 — Another setup for TF measurement including filter response monitoring

IEC

Although| the chip temperature and incident RF power are stresses for the accelefated life
time test|ng, they may be differentfrom the TSC setting and PM reading. Thus, the|TSC and
the SG shall be externally adjustable for computer control.

Accessoljies such as cables:and printed circuit boards (PCBs) shall be chosen propgrly so as
not to be|damaged during\the high temperature testing. Even if not damaged, they may exhibit
increased insertion attenuation which shall be compensated for by increasing the [input RF
power forf the TF measurement.

The PCB| (and<poessibly accompanying matching elements) shall be electrically and thermally
compatibje with the target system. Forced convection in the TSC is recommended.

5.2 Measurement procedure

Prior to the measurement, techniques shall be established for estimating (a) the difference
between the PM reading and the incident RF power, (b) the difference between the TSC
setting and chip temperature, and (c) amount of translation of the pass band according to
temperature.

It is also necessary to determine in advance the frequency at which the RF power is given
during the TF testing. If the weakest frequency is not known or not given in specifications, it
should be determined experimentally by the TF measurement described in 5.3 and 5.4 for
several frequencies in the pass band. Usually the RF SAW/BAW devices exhibit the shortest
TF when the RF power is applied at either the upper or lower edge of the pass band. The
pass band shape is stored at the highest operation temperature and the maximum RF power
stated in the specification for compensation of the pass band translation.
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Then the TF testing is performed for a significant number of samples covering a range of chip
temperatures T and RF input power levels P, in order to determine a comprehensive life-time
model of a device. In addition, the numbers of tested samples should be defined to account
for expected TF variations. Key points listed in 4.3 shall be followed. For example, the
difference between T and the TSC setting and that between P and the PM reading shall be
compensated. Excess variation of the filter response shall also be compensated during the
temperature acceleration testing.

5.3 Life time estimation

When the measured data exhibit linear variation of log,(TF) with respect to both log,P and 1,
we can determine a, f and E by fitting measured data into equation (5). Then equation (4)
allows us to estimate the shortest TF under the normal operating condition. For the
calculaticin, P shall be set at the maximum value given in the specification. On the ether hand,
T shall be set at the chip temperature when the maximum power is applied -Under the
maximum environmental temperature, which is also given in the specification~Similarly, for a
given desirable TF of a device, the maximum permissible power level P shall."be dgtermined
considering the maximum permissible environmental temperature.

When thg measured data exhibit nonlinear variation of log,(TF) with-respect to eitheq log P or
71, the [data in nonlinear regions should be preferably excluded and only those in a linear
region clpse to the normal operating condition should be used.

5.4 Mgasurement specifications

For the |TF measurement of RF SAW/BAW devices, the following parameters |shall be
specified
a) DUT fype and connectors;

b) Circult impedance (usually 50 Q);
c) Passpand frequency range;

d) Operation temperature range;

e) Intensgity of RF signal applied:Indicate a particular DUT port where the input pr output
powef is specified;

f) Signdl frequency (fixedSat' presumed worst case frequency or distributed over |the pass
band);

g) Signdl type (unmodulated or modulated), modulation scheme if necessary.
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La version frangaise de cette norme n'a pas été soumise au vote.
Ce document a été rédigeé selon les Directives ISO/IEC, Partie 2.

Le comité a décidé que le contenu de ce document ne sera pas modifié avant la date de
stabilité indiquée sur le site web de I'lEC sous « http://webstore.iec.ch » dans les données
relatives au document recherché. A cette date, le document sera

e reconduit,

e supprimé,

e remplacé par une édition révisée, ou

e amengde.

IMPORTANT - Le logo « colour inside » qui se trouve sur la page.de couventure de
cette publication indique qu'elle contient des couleurs qui sont.considérées [comme

utiles § une bonne compréhension de son contenu. Les utilisateurs devrai¢nt, par
conséquent, imprimer cette publication en utilisant une imprimante couleur.
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INTRODUCTION

Les appareils de radiofréquence (RF) a ondes acoustiques de surface (OAS) et a ondes
acoustiques de volume (OAV) sont désormais communément utilisés au sein de différents
systémes de communication en raison de leurs caractéristiques telles que leur petite taille,
leur poids léger, une nécessité de réglage réduite, voire inexistante, ainsi qu'une stabilité et
une fiabilité élevées.

L'une des applications majeures de ces appareils est le duplexeur d'antenne dans les
appareils de communication mobiles. Il sépare les signaux récepteurs entrants (Rx) provenant
des stations de base des signaux transmetteurs sortants (Tx) dans le domaine des
fréquences. Il est établi que les vibrations acoustiques peuvent accélérer la destruction des

métaux d-éte

signaux fransmetteurs dans les applications susmentionnées est d'environ 1 W au maximum
et la géné¢ration de chaleur due a la consommation d'énergie n'est pas négligeable.

La duréeg| de fonctionnement avant défaillance (TF) requise pour les duplexeurs a DAS et a
OAV est|généralement spécifiée par le niveau de puissance d'entrée, la plage de fféquence
d'expositjon et la température ambiante. Néanmoins,.le) mesurage de la TF sglon des
spécificafions données n'est pas réaliste, car la TF .est trop longue (cela peut prendre de
nombreuses années). Les essais de vieillissement accéléré sont appliqués pour racgourcir la
TF. La TfF est mesurée dans des situations plus rigoureuses, a savoir une puissamce et/ou
une température ambiante plus élevées. Selon. des spécifications données, la TF es] estimée
par une extrapolation fondée sur la loi d'Arrhenius comprenant la loi de puissancq inverse.
Bien qug le modéle explique bien la varniation de TF en ce qui concerne le njveau de
puissancg d'entrée et la température, ~il" est nécessaire de déterminer les pdgrametres
intervenant dans celui-ci de maniérexexpérimentale et ses procédures n'ont pas|été bien
établies. [Les méthodes de mesure $o6nt donc spécifiquement établies pour estimer Ia TF des
appareils| de radiofréquence a OAS\et a OAV.

Le présent document a été €tabli pour répondre a la demande générale des utilisateyrs et des
fabricant$ d'obtenir des_informations générales quant aux recommandations des conditions
d'essai des filtres RF_a.OAS et a OAV, afin que les filtres puissent étre utilisés degl maniéere
optimale| A cette fin)'le présent document explique les caractéristiques géné¢rales et
fondamentales.
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LIGNES DIRECTRICES RELATIVES A LA METHODE DE MESURE DE LA
DURABILITE DE PUISSANCE DES APPAREILS A ONDES ACOUSTIQUES
DE SURFACE (OAS) ET DES APPAREILS A ONDES ACOUSTIQUES DE
VOLUME (OAV) DANS LES APPLICATIONS DE RADIOFREQUENCE (RF)

1 Domaine d'application

Le présent document définit la méthode de mesure pour la détermination de la durabilité des
appareils de radiofréquence (RF) a ondes acoustiques de surface (OAS) et a ondes
acoustiqyues de volume (OAV), tels que les filtres et les duplexeurs, pour ce quj est des
signaux [RF de puissance élevée qui sont utilisés dans les télécommunications, les
équipemeénts de mesure, les systémes radars et les produits de consommation~Les pppareils
RF a OAV sont de deux types: le premier se fonde sur la technologie’)du rdsonateur
acoustiqye de volume de couche (FBAR, film bulk acoustic resonator), le second se fonde sur
la technologie du résonateur monté solidement (SMR, solidly mounted resonator).

Le présent document inclut les propriétés de défaillance de base des appareils RF a[OAS et a
OAV et |des lignes directrices afin de configurer le systéme‘«de mesure et d'etablir la
procédurg pour estimer la durée de fonctionnement avant défaillance (TF). La |[TF étant
principalgment régie par la puissance de radiofréquence appliquée dans les appdreils, les
études s¢ concentrent sur la durabilité de puissance.

Le présept document n'est pas destiné a expliquet lavpartie théorique ni a traiter tputes les
éventualifés qui peuvent se produire dans la pratique. Il attire I'attention sur certgines des
questiong fondamentales que l'utilisateur a besoin de prendre en considération pvant de
commander un appareil de radiofréquence a,OAS ou a OAV pour une nouvelle apjplication.
Cette prdcédure protége l'utilisateur contre @gs performances non satisfaisantes de |'appareil
relatives |a une défaillance prématurée causée par |'exposition de celui-ci a une guissance
élevée.

2 Réfdrences normatives

Le présent document ne gontient aucune référence normative.

3 Termes et définitions

3.1 Termes-'généraux

3.11
OAV
onde acoustique de volume

onde acoustique qui se propage entre la surface inférieure et supérieure d'une structure
piézoélectrique, puis qui traverse toute I'épaisseur du volume piézoélectrique

Note 1 a l'article: Les ondes sont excitées par des électrodes métalliques fixées des deux cbtés de la couche
piézoélectrique.

[SOURCE: IEC 62575-1:2015, 3.1.1]

3.1.2

filtre a OAV

filtre a onde acoustique de volume

filtre caractérisé par une onde acoustique de volume qui est habituellement générée par une
paire d'électrodes et qui se propage le long d'une direction d'épaisseur

[SOURCE: IEC 62575-1:2015, 3.1.2]
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3.1.3
fréquence de coupure
fréquence de la bande passante a laquelle I'affaiblissement relatif atteint une valeur spécifiée

[SOURCE: IEC 60862-1:2015, 3.1.2.4, modifiée — La référence a la Figure 1 a été supprimée.]

314

duplexeur

dispositif utilisé dans le systéme duplex a répartition de fréquence, lui permettant de recevoir
et d'émettre un signal simultanément par une antenne commune

[SOURCE: IEC 62761:2014, 3.1.5]

3.1.5
résonateur acoustique de volume de couche
FBAR
résonateir OAV sur couche fine, composé d'une couche piézoélectriquevplacée entre deux
couches [d'électrodes avec surface supérieure et inférieure sans contfainte prise en charge
mécaniquement au bord sur un substrat avec structure en cavité, comme représer|té sur la
Figure 1,Jou une structure de membrane par exemple

Note 1 a I'prticle: L’abréviation «FBAR» est dérivée du terme anglais développé corresponflant «film
bulk acoustic resonator».

[SOURCE: IEC 62575-1:2015, 3.1.3, modifiée — La Figure 1 c) a été ajoutée.]
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Electrode supérieure

. Matériau piézoélectrique

Couche
de support

Electrode inférieure |
Substrat
de support
IEC
a) Gravé a l’arriére
Ftectrode Sl.lpéliculc
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< Matériau piézoélectrique
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Substrat
de support
IEC
b) Gravé a l'avant
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< Matériau piézoélectrique
A
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EIQC@EE inférieure
> b
= Substrat
N\ de support
N IEC
c) Gravé sur couche sacrificielle
Figure 1 — Configuration du FBAR
3.1.6
résonatqur monté solidement
SMR

résonateur OAV qui supporte la structure électrode/couche piézoélectrique/électrode avec
une séquence de couches fines supplémentaires qui alternent des impédances acoustiques
Z, basses et hautes avec une couche d'un quart de longueur d'onde, ces couches servant de
réflecteurs acoustiques et découplant le résonateur acoustiquement du substrat, tel que
représenté sur la Figure 2 a titre d'exemple

Note 1 & l'article: L’abréviation «SMR» est dérivée du terme anglais développé correspondant «solidly
mounted resonator».

[SOURCE: IEC 62575-1:2015, 3.1.4]
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Electrode supérieure
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o«
.\
Substrat
de support
IEC
Figure 2 — Configuration du SMR
3.1.7
caractér|stique de réponse
VOIR:
Fréquence, GHg
P A A “Affaiblissement
Affaiblissement —1 | .Jd'insertion nomimal
d'insertion minimal  y Y
\J
A = l A\Ondulation
Affaiblissement ! dans la bande
relatif | passante
™~ | Affaiblissement
Bande atténuée spécifiée Bande passante
spécifiée
I
‘ \ |
m |
o | .
—- , | Fréquence
S | de reférence
E el
[0]
2 |
L
o
5l y /
< Coupure Centre Coupure
EC
Figure 3 — Réponse en fréquence d'un filtre RF 8 OAS/OAV
3.1.8

impédance d'entrée
impédance présentée par le filtre/duplexeur a la source de signal lorsque la sortie est
terminée par lI'impédance de charge spécifiée

[SOURCE: IEC 62604-1:2015, 3.1.2.22, modifiée — « duplexeur » a été remplacé par
« filtre/duplexeur ».]
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3.1.9
niveau d'entrée
valeur de puissance, de tension ou de courant appliquée au port d'entrée d'un filtre/duplexeur

[SOURCE: IEC 62604-1:2015, 3.1.2.19, modifiée — « duplexeur» a été remplacé par
« filtre/duplexeur ».]

3.1.10

affaiblissement d'insertion

rapport logarithmique de la puissance transmise directement a I'impédance de charge avant
I'insertion du filtre/duplexeur a la puissance transmise a l'impédance de charge aprés
I'insertion du filtre/duplexeur

[SOURCE: IEC 62604-1:2015, 3.1.2.2, modifite — « duplexeur » a été rémplacé par
« filtre/ddplexeur ».]

3.1.11
plage de[températures de fonctionnement
plage de|températures dans laquelle le filtre/duplexeur a OAS/OAV fonctionne en cqnservant
ses caragtéristiques spécifiées avec des tolérances spécifiées

[SOURCE: IEC 62575-1:2015, 3.1.16, modifiée — « filtre, a” OAV » a été remplacé par
« filtre/dplexeur a OAS/OAV ».]

3.1.12
impédanice de sortie
impédange présentée par le filtre/duplexeur aXla charge lorsque l'entrée est ternjinée par
I'impédarjce de source spécifiée

[SOURCE: IEC 62604-1:2015, 3.1.2.23, modifiée — « duplexeur » a été remplacé par
« filtre/ddplexeur ».]

3.1.13
niveau de sortie
valeur dg puissance, de tension ou de courant fournie au circuit de charge

[SOURCE: IEC 62604-1:2015, 3.1.2.20]

3.1.14
bande pissante

bande de¢si{fréquences pour lesquelles l'affaiblissement relatif est égal ou inférielr a une
valeur spécifiée

[SOURCE: IEC 62604-1:2015, 3.1.2.5]

3.1.15

largeur de bande passante

intervalle des fréquences entre lesquelles I'affaiblissement relatif est égal ou inférieur a une
valeur spécifiée

[SOURCE: IEC 62604-1:2015, 3.1.2.6]
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3.1.16

réflectivité

mesure sans dimension du degré de désadaptation entre les deux impédances Z, et Z,:
Zy -7

Za +Zb

ou Z, et Z, représentent, respectivement, I'impédance d'entrée et de source ou l'impédance
de sortie et de charge

Note 1 a I'article: La valeur absolue de réflectivité est appelée le coefficient de réflexion.

[SOURCE: IEC 62604-1:2015, 3.1.2.17]

3.1.17
filtre Rx
filtre utili$é dans une partie de récepteur pour éliminer les signaux inutiles.ou non désgirés

Note 1 a I'drticle: Le filtre Rx constitue une partie élémentaire d'un duplexeur.

[SOURCE: IEC 62604-1:2015, 3.1.3.4, modifiée — « RX » a été remplacé par « Rx » dans le
terme, « [non désirés » a été ajouté a la définition et la Note, 2@ I'article a été omise.

3.1.18
filtre a OAS
filtre cargctérisé par une ou plusieurs lignes de transmission d'onde acoustique de surface ou
éléments| résonants, ou lI'onde acoustique de sufface est généralement engendrép par un
transducfeur interdigité et se propage le long de“la surface du matériau

[SOURCIE: IEC 62604-1:2015, 3.1.1.2, modifiée — Le terme « filtre d’onde acougtique de
surface » a été omis.]

3.1.19
bande a$énuée
bande dg¢s fréquences pour.'lesquelles I'affaiblissement relatif est égal ou supérieur a une
valeur splécifiée

3.1.20
OAS

onde acqustique-de surface
onde acdustique se propageant le long de la surface d'un substrat élastique dont I'amplitude
décroit ekpanentiellement suivant la profondeur dans le matériau

[SOURCE: IEC 60862-1:2015, 3.1.1.1]

3.1.21
filtre Tx
filtre utilisé dans une partie de transmetteur pour éliminer les signaux inutiles ou non désirés

Note 1 a I'article: Il constitue une partie élémentaire d'un duplexeur.

[SOURCE: IEC 62604-1:2015, modifiée — « TX » a été remplacé par « Tx » dans le terme,
« /non désirés » a été ajouté a la définition et la Note 2 a I'article a été omise.]
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3.2 Termes relatifs a la durabilité

3.21

essai de vieillissement accéléré

méthode d'essai au cours de laquelle le technicien extrapole le comportement de défaillance
d'un produit dans des conditions normales a partir de données de vie obtenues a des niveaux
de contrainte accélérée

Note 1 a l'article: Les produits défaillant plus rapidement a des niveaux de contrainte élevés, ce type de méthode
permet au technicien d'obtenir des informations sur la fiabilité d'un produit (par exemple, la durée de vie moyenne,
la probabilité d'une panne a un moment spécifique, etc.) dans un laps de temps plus court.

3.2.2

facteur d'accélération
rapport entre la durée de vie d'un produit soumis a un niveau de contrainte en utilisafion et sa
durée de|vie lorsqu'il est soumis a un niveau de contrainte accélérée

Note 1 a I'grticle: Par exemple, si le produit a une durée de vie de 100 h a un niveau de,contrainte ef utilisation
et qu'il est|soumis a I'essai a un niveau de contrainte accélérée réduisant sa durée de vie '@ 50 h, alorg le facteur
d'accélérat|on est de 2.

3.2.3
loi d'Arrhenius
modele (tilisé dans les essais de vieillissement accéléré visant a établir un lien| entre la
températlre absolue et la fiabilité

Note 1 a l'article: Cette loi fut développée a l'origine par le chimiste suédois Svante Arrhenius afin de définir le
lien entre |4 température et les vitesses de réaction chimique.

Note 2 & I'grticle: |l existe d'autres modéles mathématiques (permettant de décrire le lien durée de vie t contrainte
d'un produif, qui montre la maniére dont le niveau de contrainte affecte la fiabilité d'un produit.

3.2.4
loi de puissance inverse
modéle q'essai de vieillissement accéleré utilisé couramment quand le facteur d'acgélération
est une deule contrainte non thermigue (par exemple, la puissance, la vibration, la tgnsion ou
le cycle de température)

3.2.5
contrainte
facteur r¢sponsable de la’défaillance, par exemple les températures de fonctionnemient et de
stockagel I'humidités\ta puissance incidente, le rayonnement ultraviolet et Igs chocs
mécaniquyes

3.2.6
essai sous‘contraintes
méthode d'essal au cours de laquelle Tes eléemenis soni soumis a l'essal et font l'objet de
contraintes plus élevées que celles observées en conditions normales de fonctionnement et
visant généralement a provoquer une défaillance

4 Propriétés de base de la durée de vie des appareils de radiofréquence a OAV
et a OAS

4.1 Durée de vie et essai de vieillissement accéléré

De nombreux appareils a OAV et a OAS doivent répondre a la spécification des composants
pendant un certain nombre d'années et dans des conditions normales de fonctionnement. La
défaillance se définit comme une situation dans laquelle les performances deviennent
inférieures a celles indiquées dans la spécification.
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Pour ce faire, il est nécessaire d'estimer la durée de fonctionnement avant défaillance (TF —
time to failure) dans un cas des plus contraignant dans des conditions normales de
fonctionnement. Puisqu'il n'est pas envisageable pour les techniciens de passer des années a
estimer la TF, une méthode appelée « essai de vieillissement accéléré » est communément
adoptée. Avec cette méthode, la TF dans des conditions normales est estimée par
extrapolation a partir de données obtenues dans des conditions de fonctionnement plus
difficiles, ou en fonction du domaine de l'ingénierie de la fiabilité, & des niveaux de contrainte
accélérée. Etant donné que les produits sont défaillants plus rapidement, cette méthode
permet d'obtenir des informations quant a la fiabilité dans un laps de temps plus court.

Il existe de nombreux mécanismes de défaillance possibles, tels que I'oxydation, la fissure, la
fuite et le décollement, ainsi que de nombreux emplacements ou la défaillance peut se
produire.

Lorsqu'up mécanisme de défaillance est dominant, il est établi que la TF prdsente la
dépendance suivante a la température absolue T

TF = aexp (i)
kT

ou a est|un facteur étudié ultérieurement, k£ est une constante de Boltzmann et |F est un
paramétre qui varie avec le mécanisme de défaillance~Cette dépendance identique a la
dépendance a la réaction chimique s'appelle I'équationd’'Afrhenius ou E se référe a|l'énergie
d'activatipn. En prenant les logarithmes pour lessdeux cotés, I'équation (1) peut étre
reformulge comme suit

: (1)

loge TR= £+ logea
kT (2)

Ainsi, le|tracé de log,TF par rapport a -1 est une ligne droite et son gradierjt et son
ordonnégq a l'origine sont représentés par E/k et logga, respectivement. Cette représentation
s'appellefla courbe d'Arrhenius.

Quand de multiples mécanismes interviennent, la courbe d'Arrhenius peut représgnter une
ligne polygonale, comme cela est représenté a la Figure 4. Ceci s'explique par Ig fait que
différentd mécanismes possédent différentes énergies d'activation et que la défaillance est
déclenchge a partindu point le plus faible, qui peut varier avec la température.

A

I'Uuu

100

o
‘A

»
|

N
w

24 2,5 2,6 2,7
Inverse de la température de puce (K)
IEC

Durée de fonctionnement avant défaillange (h)
o

Figure 4 — Courbe d'Arrhenius avec mise en ceuvre de mécanismes multiples
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Le facteur a dépend d'autres contraintes telles que la puissance électrique appliquée,
I'humidité et, dans de nombreux cas, sa dépendance sur chaque contrainte x répond a la loi
de puissance inverse donnée par

a=ax”, (3)

ou «a et g sont des constantes. La combinaison des équations (1) et (3) donne

_ E
TF = ax Pexp| — |, 4
ox p[ij (4)
et sa forme logarithmique est donnée par
E
loge TF =logga — flogex +k_T : (5)

Il est aingi possible d'estimer a et  a partir du graphe log-log entre’ I'F et x avec T fixe. Quand
de multiples mécanismes interviennent, le graphe log-log peut étre une ligne polygongle.

Il convient de noter que des contraintes telles que la puissance électrique appliquéq peuvent
affecter T en raison d'un réchauffement par puissance“dissipée. Par conséquent, iljconvient
que T soft contrélée ou connue pour déterminer le, medéle de durée de vie, méme|quand T
n'est pas|sélectionnée comme parametre d'accélération.

4.2 Mécanismes de défaillance
4.2.1 Généralités

La dispgsition en échelle représentée a la Figure 5 est communément utiliség comme
configurdtion des filtres RF a OAS.et’a OAV pour les applications de haute puissancsq.

Chaque résonateur posséde deux types de résonances: la résonance en série (ou sihplement
résonange) pour laquelle (Iimpédance électrique devient extrémement basse et la résonance
parallele| (ou antirésonance) pour laquelle l'impédance devient extrémement élgevée. La
fréquence donnant Lantirésonance f, (appelée fréquence d'antirésonance) est légéerement
plus éleyée que ‘celle donnant la résonance f, (appelée fréquence de résonance). La
différence répartie_entre f, et f, est d'abord déterminée par la force de la piézoélectrigite.

Quand |9 fréquence de résonance f, des résonateurs Ry dans les branches en sérig, 1, est
fixée & unme vateur proche de la frequence dantiresonance j, des resonateurs dans les
branches en parallele Rp,fap, la réponse de transmission représentée a la Figure 6 peut étre
obtenue. D’autre part, des encoches apparaissent au niveau de f, de Ry, de f,5 et de f, de R,
Frp- Il est nécessaire d'enchainer les différentes étapes afin d'atteindre une réjection hors
bande suffisante en transigeant avec les autres performances telles que ['affaiblissement
d'insertion et la largeur de bande passante répartie.

Le facteur de résonateurs Q détermine I'affaiblissement d'insertion et la pente des bords de la
bande passante.


https://iecnorm.com/api/?name=0aeb3f1c6046a37d2a7171c91d0de6df
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